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E>cecutive S u m mary 

Study Backg round 

On Apri l  1 ,  2005 the M idwest ISO began operation of the M idwest Markets, a "Day-2" hourly 
Locational  Marg ina l  Price (LM P) energy market. Market operations i nc lude centra lized un it 
commitment and d ispatch , a Day-Ahead Energy Market , a Real-Time Energy Market, and a 
F inancial  Transmission Rights (FTR) Market. The M idwest ISO is among the largest energy 
markets in the world covering more than 930 ,000 square m i les and 1 ,760 pricing nodes. I n  
add ition to the u n precedented geographic scope of the organ ization and associated markets , 
the M idwest ISO began in  late 200 1 as a g reenfield organ ization . I n  fact , the M idwest ISO is the 
fi rst g reenfield RT01 with a LMP2 and central ized d ispatch market structu re in  North America . 
And,  un l i ke other RTOs with LMP and centra l ized dispatch , the Midwest ISO does not at th is 
t ime operate a market for contingency or operating reserves. I nstead , mu lt ip le i nd iv idual  
Balancing Authorities i n  the reg ion continue to be responsib le for provid ing contingency and 
operating reserves .  

Exhibit ES-1 : 
The Midwest ISO Market Footprint3 

Source : Midwest ISO 

The M idwest ISO market startup occurred du ring a chal leng ing period for optimal performance 
of un it commitment and centra l ized d ispatch . Cha l lenges faced by the M idwest ISO energy 
market startup i nc luded record h igh  natura l  gas, oi l ,  coa l ,  and emission a l lowance prices in the 
second ha lf of 2005 .  Hurricanes Katrina and R ita combined with i nternationa l  events to d rive 
natural gas and o i l  prices to levels wel l  above h istorica l norms between August and December 
2005.  These high fuel  prices sp i l led over i nto coa l and emission a l lowance markets , increasing 

1 RTO - Reg ional  Transm ission Organization 
2 LMP - Locational  Marg ina l  Price 
3 Note : The Midwest ISO's re l iabi l ity footprint is larger than its energy market footprint. 
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the costs of operations and magn ifying the economic effects of any operationa l  inefficiencies. 
F ina l ly ,  the Northeast blackout i n  August 2003 , which affected entities in the M idwest ISO 
footpri nt as wel l  as e lsewhere i n  the Eastern I nterconnect , i ncreased the focus on rel iab i l ity and 
wou ld be expected to resu lt i n  a conservative operating b ias on the part of  both the M idwest ISO 
and market participants as un it commitment and d ispatch control were transferred to the 
M idwest ISO.  

I t  shou ld be noted that these cha l lenges notwithstand ing ,  the M idwest ISO's operational  
re l iab i l ity was extremely h igh  throughout the start-up .  This study does not attempt to quantify 
the re l iab i l ity benefits of coord inated u n it commitment and d ispatch but is  i nstead focused 
exclusively on the economic benefits of un it commitment and d ispatch activities . 

ICF  was engaged by the Midwest ISO to review its operations during a ten month period 
between June 1 ,  2005 and March 3 1 , 2006,  and to estimate a subset of the potent ial  and actual 
benefits of the M idwest I SO Day-2 operations .  Th is report presents the resu lts of th is 
independent ana lysis a long with an i n  depth d iscussion of the M idwest ISO market , analytic 
approach , study assumptions ,  and conclus ions .  

Study Objectives 

This study examines differences in production costs resu lt ing from the transit ion from a Day- 1 
RTO to a central ly d ispatched , LM P-based Day-2 market for the period between June 2005 and 
March 2006. In a Day- 1 RTO each Balancing Authority makes un it commitment and d ispatch 
decisions i ndependently. A Day-2 LMP market employs centra l ized un it commitment and 
d ispatch based on offers provided by generators to optim ize the use of generation and 
transmission .  

Specifica l ly ,  th is study asks three primary questions :  

1 )  What are the theoretical maximum potential benefits avai lable from 
centra l ized un it commitment and d ispatch in the M idwest ISO footprint? 

2) What percentage of these benefits were ach ievable during the study period 
g iven that the M idwest ISO market structure lacked severa l key characteristics of 
a fu l l  Day-2 market ( i .e .  centra l ly coord inated regu lation and operati ng reserves) 
during th is  period? 

3) What benefits were actual ly achieved through operation of the M idwest ISO 
market between June 2005 and March 2006? 

It is  i mportant to note that the fi rst two questions address the level of potential benefits avai lable 
due to varying levels of market restructuri ng .  This question has been examined many times by 
ICF  and other part ies. As such there is both a s ign ificant body of l iteratu re and an accepted 
i ndustry methodology surround ing how to measure these potential benefits. 

The th i rd question "What level of benefits were actua l ly ach ieved during actua l  operation?" , is 
very ambit ious g iven the size of the M idwest ISO and has not, to our knowledge, been 
addressed in  previous stud ies of major e lectric power marketplaces . This ambit ious scope of 
work requ i red close cooperation with M idwest I SO stakeholders,  access to M idwest ISO 
operators ,  processing of massive amou nts of h istorical data and development of an  extremely 
deta i led generation and transmission model  of the M idwest ISO footpri nt .  ICF feels that this 
study provides an excel lent representation of both the potential and actual  benefits i n  terms of 

YAGTP3440 Cross Exam i nation - NoC§pX & CETF - M u ltip le Witnesses 
Page 9 

_......--

ICF 
I N T E R NATI O N A L  

904



ITCM Minnesota – Iowa 345 kV Transmission Line Project: Final Environmental Impact Statement

Appendix M Comments and Responses
FEIS ID #239

the deta i ls included in  the analytic framework and the qua l ity of the analytic resu lts. At the same 
time , as d iscussed in Chapter 4 of this report ,  there may be some features of the model ing 
wh ich may have resu lted in  a conservatively low estimate of actual  benefits ach ieved and/or a 
h igh  est imate of ach ievable benefits . 

RTO Benefits Analyzed 

This analysis was designed to focus on a subset of operational benefits avai lable from Day-2 
RTO operation wh ich are quantifiable using commercia l ly avai lab le models that s imu late un it 
commitment and dispatch of e lectric generation . The focus was on production cost savings 
associated with centra l ized operations,  and hence ,  primari ly reflects estimation of the 
d isplacement of relatively more expensive generation with relatively less expensive generation 
made possib le by centra l ized operat ions. In most cases the s imu lation ind icated the potential 
d isplacement of gas-fi red generation with coa l-fi red generation . This inter-fuel  optim ization is 
particu larly important i n  the M idwest because the natu ra l  gas generation fleet inc l udes a 
d isproport ionate level of expensive gas-fired peaking un its as opposed to intermed iate or less 
costly gas-fi red combined cycle or gas-steam faci l it ies . Further, M idwest ISO coa l  p lants have 
very low operating costs even compared to other US coa l-fi red powerplants. Thus ,  any 
d isplacement of natu ra l  gas generation with coa l generation can greatly decrease operati ng 
costs . Put another way , the use of a gas plant when somewhere e lse inside or outside of the 
M idwest ISO a coal p lant with spare capacity and the needed transmission is ava i lable to 
d isplace the gas p lant wou ld i ncrease costs s ign ificantly. As such , an important goal of g rid 
opt imization is to m in im ize these occu rrences. 

The pr imary benefits quantified i n  th is study were related to potential improvements associated 
with :  

• Reg ional secu rity-constra ined un it commitment (SCUC) ;  

• Reg ional secu rity-constra ined economic d ispatch (SCED) ;  

• Improved uti l ization of existi ng transmission assets . 

Some benefits of the RTO structu re are more d ifficu lt to quantify than others ,  take s ign ificant 
time to be real ized as they are associated with long-term capital investments,  and lack industry 
accepted methodo log ies for their  est imation .  As a resu lt ,  the fol lowing benefits are not 
assessed and are not reflected in  the benefits est imate i n  th is ana lysis: 

• Reductions in  p lann ing reserve marg ins for generating capacity due to the 
increased rel iab i l ity made possib le by RTO information systems and inter-RTO 
coord ination ;  

• Reg iona l ly coord i nated transmission expansion plan n ing ;  

• Improved long-term transmission and generation investment efficiency 
associated with improved visib i l ity of congestion and its economic effects 
resu lt ing from i ncreased price transparency;  

• Transm ission access, expanded markets & reduced barriers to trade; 

• I mproved re l iab i l ity through reg ional  power flow visib i l ity and dispatch ; 

• I mproved generator ava i lab i l i ty and efficiency i n  peak price periods;  
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• Opportun ities for greater participation of price responsive demand ;  

I n  order to  s impl ify nomenclature ,  note that wh i le the term "maximum potential benefits" is  used 
in  th is study , it refers to the dist inct subset of benefits described above , i .e . , reductions in fue l  
and other variable operat ing costs under centra l ly coord inated rather than ind iv idual  ut i l ity 
operat ions. 

Ana lytic Approach and Cases Exam i ned 

An estimation of the benefits to be obta ined from RTO operations by defin ition i nvolves a 
comparison of what d id occur ("actual  Day-2 operat ions") to what wou ld have occurred but for 
the existence of the RTO ("estimated Day- 1 operations") . A s imple comparison of 2004 actual 
operations (pre-Day-2) to 2005 operations (post-Day-2) is inappropriate due to a host of factors 
that inc lude extreme variation in load , fue l  prices, emission a l lowances prices, avai lable 
generation ,  etc. Thus,  ICF ut i l ized a combination of h istorica l data and deta i led model  analysis 
to develop estimates of maximum potentia l ,  ach ievable ,  and actua l  rea l ized benefits of 
centra l ized d ispatch in the Midwest ISO.  

The primary ana lysis tool uti l ized was the GE Energy MAPS™ software model (MAPS) wh ich is 
specifical ly designed for analysis of g rid operations.  MAPS was used to perform a security 
constra ined un it commitment (SCUC) and a secu rity constra ined economic d ispatch (SCE D) of 
a l l  generating faci l it ies to meet peak and energy demand and operating reserve requ i rements in  
the Eastern I nterconnect with a specific focus on the M idwest ISO footpri nt .  MAPS is capable of 
s imu lating both a central ized d ispatch reg ime in M idwest ISO (Day-2) and a Balancing Authority 
d ispatch reg ime (Day- 1 ) .  

H istorical data derived from the M idwest ISO  settlement system was uti l ized to calcu late an 
est imate of  the actual  costs incurred during the study period . Al l scenarios used comparable 
faci l ity operat ional characteristics ,  fuel  prices , and emission a l lowance costs. 

ICF prepared and analyzed fou r  pr imary cases4 in order to develop the study resu lts. Each case 
i nvolved a ten month study period between June 1 ,  2005 and March 3 1 , 2006 . These cases a re :  

• Case: This case estimated the production cost of the M idwest ISO market 
assuming continued Day- 1 operation for the study period . ICF used h u rd le rates5 

derived from a model cal ibration exercise of the 2004 Day- 1 M idwest ISO market 
to s imu late continuation of decentra l ized Balancing Authority un it commitment 
and economic d ispatch . Hurd le rates are the barriers to trade between Balancing 
Authorities needed to reproduce the actual  operations observed in  2004 i n  the 
model .  

• Case: This case was designed to pred ict the theoretical 
maximum benefits from centra l ized operat ions in a Day-26 market as compared 

™ MAPS is a reg istered trademark of General  Electric Company 
4 N ote that severa l add it ional  cases i nclud ing ca l ibration and sensitivity cases were examined d u ring th is analysis and 
are d iscussed i n  Chapter 5 
5 H u rd le rates are d iscussed i n  deta i l  i n  Chapter 3 .  
6 N ote that M idwest ISO actual operations differed sig n ificant ly d u ring the  study period from the  theoretical Day-2 
Optimal Case modeled due  to, for example ,  the manner in wh ich regu lation and operating  reserves a re currently 
provide i n  the Midwest ISO reg ion versus the i n  the model representat ion . These d ifferences are examined through 
sensitivity cases such as the "No-ASM Case" . 
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to the Day- 1 Case . Th is case specifica l ly was used to pred ict the production 
costs of an opt imal M idwest ISO Day-2 operation .  Commitment and d ispatch 
hu rd le rates used in the Day- 1 Case to s imu late decentra l ized operation were 
e l im inated in  the Day-2 Case to simu late centra l ized un it commitment and 
footprint-wide economic dispatch . 

• Actual Case: This case was desig ned to determine the benefits ach ieved 
by the M idwest I SO's Actual Day-2 operation over the study period . I CF used 
actual hou rly d ispatch data from the Midwest ISO's Day-2 market operations to 
estimate actual production costs during th is h istorical period . 

• No-ASM Services Case: This sensitivity case was designed 
to s imu late ach ievable benefits from centra l ized d ispatch g iven the fact that 
cu rrent M idwest ISO operations do not include centra l ized d ispatch and 
commitment of regu lation and operat ing reserves. I nstead ,  the majority of these 
anci l lary services are held by each Balancing Authority local ly .  The M idwest ISO 
fi led an ASM p lan on February 1 5 , 2007 that wou ld a l low for future optimization 
of these services beg inn ing in  2008.  

Exh ibit ES-2 provides a summary of the assumptions underly ing the th ree primary cases 
analyzed in the MAPS mode l .  

Exhib it ES-2 : 
Comparison of Cases Examined 

Parameter Day-1 Case No-ASM case Day-2 Case 
Commit to meet Balancing 

scuc Authority (Company) load plus Midwest ISO wide central ized commitment 
reserve 

Dispatch to meet Balancing 
SCED Authority load plus economy Midwest ISO wide central ized d ispatch 

Reduced actual l ine l im it based 
Transmission Uti l ization on prior M idwest ISO analysis 1 00 percent of the actual l ine l im it 

of h istorica l uti l ization data 
Required reserves 

Required reserves and held by each All reserves held 
Reserves headroom held by each Balancing Authority; optim ized over the fu l l  

Balancing Authority headroom held by the Midwest ISO footprint. 
Midwest ISO 

I t  is  from the fou r  cases that we derive our three primary study resu lts, namely the estimate of 
the maximum potential benefits associated with M idwest ISO operations, the amount of benefits 
ach ievable g iven the market structu re i n  p lace during the study period ( i .e .  without ASM) ,  and 
the actual  benefits ach ieved by M idwest ISO during the study period . 

The three pr imary study resu lts were developed as fol lows: 

• Maximum theoretica l  potential benefits were assessed as the reduction i n  
system7 production costs between the Day- 1 Case and  the Day-2 Opt imal Case . 

7 The System in this case is the US Eastern I ntercon nect 
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Because the on ly change between these cases is the s imu lated market structure 
with in  the M idwest ISO footprint any reductions i n  production costs are d i rectly 
attributable to operation  of the M idwest I SO Day-2 market. 

Ach ievable benefits were assessed as the reduction in system production costs 
between the Day- 1 Case and the No-ASM case . 

• Actual ach ieved benefits were assessed as the reduction i n  system production 
costs between the Day- 1 Case and the Day-2 Actual Case . 

I n  each of the three cases the system production costs comprise the hourly fue l ,  variable 
operation and mainta inence ,  NOx emission a l lowance ,  and S02 emission a l lowance costs of 
every generator i n  the US Eastern l nterconnect8 . 

Detai led d iscussions of the analytic approach , cal ibration process, and cases examined is 
presented in  Chapter Three. 

S u m m ary of F i n d i ngs 

Resu lts of the ICF study ind icate that the Day-2 market with i n  the M idwest ISO footprint offers 
the potential for s ign ificant savings.  Specifica l ly ,  production cost savings of $460 mi l l ion were 
est imated as the maximum benefits avai lable to the M idwest ISO i n  an optimal ly operated Day-2 
market i nc lud ing fu l ly optimized reserves. This is $46 mi l l ion per month on average. If th is 
monthly level of benefits is assumed to be ach ieved for a 1 2  month period annual  benefits 
wou ld be $552 mi l l ion . Exhibit ES-3 presents the maximum monthly benefits avai lable in the 
Day-2 Optimal Case for the June 2005 to March 2006 period . 

· 

Exhi bit ES-3: 
Summary of Maximum Potential Benefits - June 2005 through March 2006 

80 

60 

20 

8 Note that in the Day-2 Actua l  case on ly M idwest I SO generators are d i rectly observable . Th is is d iscussed in deta i l  
i n  the Day-2 Actual methodology d iscussion below. 
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Exh ib it ES-4 compares the maximum potentia l ,  ach ievab le ,  and actual ach ieved benefits for the 
M idwest ISO during the ten month study period . The benefits are a lso shown on an annua l ized 
basis assuming that average benefits extended at the same average level for an addit ional two 
months. 

Exhibit ES-4: 
of Midwest ISO Benefits - June 2005 March 2006 

Benefits 
Annual ized 

Category 
($mi l l ion) 

Benefits 
($mi l l ion) 

Theoretical Maximum Potential Benefits 460 552 
Estimated Achievable Benefits Given Current 

271  325 
Market Structure 
Actual  Benefits Ach ieved 58 70 

Our analysis yields the fol lowing three primary resu lts : 

• U p  to $460 mi l l ion i n  benefits were potentia l ly ach ievable th rough optimal 
operation of the M idwest I SO grid du ring the study period . This represents a 3 . 8  
percent decrease i n  overa l l  M idwest I SO production costs compared to  the 
para l le l  Day- 1 estimate . This level of potent ia l  benefits is comparable to other 
stud ies of the potential benefits of  centra l ized d ispatch . 9 

• Of the $460 mi l l ion i n  maximum potential benefits we estimate that approximately 
$27 1  m i l l ion was actual ly ach ievable du ring the study horizon g iven the existi ng 
treatment of anci l lary services . This represents 59 percent of the total potential 
and i nd icates that optimization of anci l lary services is an important component of 
potent ia l  RTO savings .  This $27 1 m i l l ion translates to $325 m i l l ion on an 
annua l ized basis. 

• Of the $27 1  m i l l ion ach ievable benefits , $58 m i l l ion was rea l ized through M idwest 
ISO operation of the grid . This translates to 21 percent of the ach ievable 
benefits . This $58 mi l l ion is equ iva lent to $70 m i l l ion on an annua l ized basis. 

In order to analyze trends in  the study resu lts, we have d isaggregated resu lts on a month ly 
basis. Exhibit ES-5 presents the actual benefits ach ieved on a monthly basis for the study 
period along with monthly average natu ral  gas prices . 

9 See Chapter 4 for a summary of previous study find ings.  

YAGTP3440 Cross Exami nat ion - NoCBPX & CETF - M u lt ip le Witnesses 
Page 1 4  

--

ICF 
I N T E R N AT I O N A L  

909



ITCM Minnesota – Iowa 345 kV Transmission Line Project: Final Environmental Impact Statement

Appendix M Comments and Responses
FEIS ID #239

Exhibit ES-5 : 
Monthly Benefits Achieved and Historical Natural Gas Prices 
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Th is monthly ana lysis yields the fol lowing two secondary resu lts : 

• Whi le benefits were lower du ring i n it ia l  start up ,  s ign ificant improvement was 
demonstrated towards the end of the period . Benefits i n  the 2006 period were 
close to the maximum ach ievable absent optimization of anci l lary services . 

• The unprecedented period of h igh  natu ra l  gas, coal ,  and emission a l lowance 
prices between September and December 2005 correlate with periods of lower 
ach ieved benefits , and in  some cases increased costs , for M idwest ISO Day-2 
compared to what was forecast for Day-1 . Even as operations appear to have 
been improving (as seen in other data) ,  the costs of sub-optimal com mitment and 
d ispatch were increasing due to ris ing generation i nput costs. I n  th is 
environment, the cost impacts of even sma l l  i ncremental deviations from Day- 1 
opt im ization between gas and coal generation are economica l ly magn ified . 

Concl usions 

The overa l l  outcome of  th is  analysis demonstrates that potential RTO benefits are large and are 
measured i n  hundreds of m i l l ions of dol lars per year. Wh i le  on a percentage basis the potential 
improvement appears modest , the magn itude of the production costs involved is  so large that 
on a dol lar basis ,  the efficiency improvements are substantia l .  

RTO operat ional benefits are largely associated with the improved ab i l ity to  d isplace gas 
generation with coa l generation ,  more efficient use of coa l generation , and better use of import 
potentia l .  These benefits wi l l  l i kely grow over t ime as: 
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• Rel iance on natu ra l  gas generation with in  the M idwest I SO footprint g rows as a 
resu lt of the ongoing  load g rowth and a general  lack of non gas-fi red 
development over the last 20 years .  This may i ncrease the scope for potent ial  
savings from centra l ized d ispatch in future years .  

• Tighten ing environmenta l  contro ls and the resu lt ing g reater d iversity i n  coal p lant 
fleet variable operating  costs wi l l  make opt imization of coal p lant uti l ization more 
important i n  futu re years .  

• Tighten ing supply marg ins  throughout the Eastern I ntercon nect over the next 
three to five years i ncrease the importance of optim iz ing i nterchange with 
neighbors such as PJM ,  SPP ,  and others.  

• Transmission upgrades which cou ld i ncrease the geograph ic scope of 
optim ization with in  the M idwest ISO footprint . 

The lack of an  Anci l lary Services Market (ASM)  for footprint-wide reserve optim ization l imited 
the achievable resu lts by as much as 40 percent du ring the study horizon . 

A confl uence of factors led to less than 1 00 percent of the ach ievable benefits rea l ized du ring 
the study horizon . These i nclude :  

• The learn ing curve faced by both M idwest ISO and market participants du ring 
market inception resu lted i n  subopt imal commitment and d ispatch which l im ited 
ach ieved benefits ; and 

• Subopt imal commitment and d ispatch du ri ng periods of extremely h igh  gas 
prices had a sign ificantly adverse impact on ach ieved versus potentia l ly ava i lab le 
benefits. This is because even smal l  deviat ions from optimal d ispatch can have 
large effects du ring extreme market cond it ions .  

October and December 2005 were especia l ly cha l leng ing periods for M idwest I SO operat ions 
due to record high fue l  prices. For example ,  natural gas prices peaked at an average of 
$ 1 2 . 60/MM Btu i n  December 20051 0 . We note that had actual benefits ach ieved i n  December 
and October been at the average level for a l l  other months i n  the study period total ach ieved 
benefits wou ld  have exceeded $ 1 46 m i l l ion 1 1  or up to 54 percent of the total ach ievable benefits . 

The percentage of benefits ach ieved showed an i ncreasing trend over the study horizon ,  
i nd icating increasing ly efficient operat ions. This is especia l ly evident i n  2006 when fue l  prices 
began to moderate . 

We further note that major developments led by the M idwest ISO wi l l  l i kely i ncrease both the 
potential a nd ach ieved benefits on a going forward basis. These developments include the 
i ntroduct ion of the Anci l lary Services Market wh ich is currently u nder review by FERC and 
expected to beg i n  operation i n  2008 and reg ional  transmission investment i n itiatives such as 
MTEP 06 which wi l l  b ring $3 .6  b i l l ion in  transmission investments to market by 201 1 and targets 
e l im inat ion of 22 of the top 30 constra i nts in the footprint .  

1 0  
Source: Gas Dai ly ;  Chicago City Gate price 

1 1  This i l lustrative back-of-the-envelope calcu lat ion assumes that losses of $ 1 4  and $43 m i l l ion i n  October and 
December are replaced with sav ings of $ 1 4 .5  m i l l ion ,  the average ach ieved i n  the remain i ng months of the study .  
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Com parison to Results in  S i m i lar  Analyses 

ICF's fi nd ings in  this study are consistent with severa l  p revious analyses. Exhibit ES-6 is an  
excerpt from the  Market Mon itor report h igh l ight ing economic and non-economic peaking u n it 
d ispatch i n  the M idwest ISO.  Summer 2005 shows large amounts of out-of-merit peaking 
d ispatch . Wh i le there is less i n  October and December, it is sti l l  above 2006 levels .  The lower 
2006 levels support our  fi nd ings of an improving trend . The combination of out-of-merit d ispatch 
and extremely h igh  fuel prices yields is consistent with the study resu lts ind icating  negative 
benefits ach ieved du ring the months of October and December 2005 . Note , that the Market 
Mon itor defi n it ion of out-of-merit d ispatch does not precisely correspond to the defi n it ion of 
"economic d ispatch" in the ICF study associated with market rules, and hence ,  care needs to be 
exercised in compar ing the two analyses. 

Exhi bit ES-6 : 
Market Monitor Analysis of the Dispatch of Peaking Resources 
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Source: M idwest ISO Market Monitor 

Our study resu lts a re a lso s imi lar  to a M idwest ISO review of Revenue Sufficiency Guarantee 
(RSG) trends shown in Exh ibit ES-7 below. Here we see RSG payments by month are h igh  i n  
2005 compared to  2006 . S ince these a re payments for un its not otherwise recovering their 
costs , the trend a lso supports our  conclusion of improving performance.  
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Exhib it ES-7 : 
Market Monitor Analysis of the Midwest ISO RSG Payments 
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Source: Midwest ISO Market Mon itor 

Whi le the ICF study of the proposed M idwest I SO ASM market is not as deta i led regard i ng 
reserves as that contained i n  a recent M idwest ISO fi l i ng , the theoretical  value generated by ICF 
is with in  the range of  the M idwest ISO value est imates generated and shown i n  the Apri l 3 ,  2006 
F i l i ng  to FERC where the comparable potential benefits are shown as $1 1 3  to $208 m i l l ion (see 
the "contingency reserves" and "regu lation market" bars in Exh ib it ES-8 below) . 

Exhibit ES-8 : 
Midwest ISO Estimates of ASM Benefits and Costs 

$ mill ions 

YAGTP3440 
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wide Reserves Market 

Contingency Market 

Reserve 

Gross 

Annual 
Benefits 

Average 

Annual 
Operating 

Costs" 

Net 

Annual 

Bene ft ts 

Low High 
NPV" $9!!0 $2,45& 
IRR 583% 1,299% 

• Includes amortization of startup costs calculated using $65 million estimated project cost, 

amortized over seven years at 5% 
" NPV calculated over 10 years using 5% discount rate 
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Source : Midwest Contingency Reserve Sharing and M idwest ISO Anci l lary Services Market - Project 
U pdate , October 1 0 , 2006 

I n  conclusion , our fi nd ings ind icate that substantia l  benefits are ava i lable and that an increasing 
percentage of those benefits were rea l ized i n  the later months of the study . Further, we note 
that expected developments such as the proposed M idwest ISO ASM market wi l l  expand the 
scope of potential and ach ieved benefits on a going forward basis . The remainder of th is report 
i s  organized i n  fou r  primary chapters designed to pai nt a fu l l  p icture of th is study. These are :  

• Chapter One:  Evolution of the M idwest ISO 

• Chapter Two : Analyt ic Approach and Cases Examined 

• Chapter Three: Overview of Model ing Assumptions 

• Chapter Four: Deta i led Study Result  and Conclusions 
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CHAPTER ONE:  
EVOLUTION OF TH E MIDWEST 150 

Th is  chapter provides an overview of  the  M idwest ISO,  includ ing  a reg ional perspective, and a 
summary of the past, present and futu re market structures. We d iscuss the reg ion before the 
M idwest ISO was created , outl ine its most recent transit ion from a Day- 1 to Day-2 market and 
provide some insight i nto the planned anci l lary services market . Our d iscussion of market 
structu re examines the M idwest ISO's un ique h istory as the on ly tru ly greenfield RTO in the US .  
I n  a span of  l ittle more than a decade the  M idwest I SO has  evolved from a voluntary association 
of a few transmission owners to one of the largest energy markets i n  the world . Un l i ke s imi lar  
RTO markets in  the east, the M idwest ISO market d id not develop out of pre-existi ng poo l ing 
arrangements under which centra l ized u n it commitment and d ispatch among mu lt ip le ut i l ities 
was conducted prior to market imp lementation .  

Reg ional  Overview of the M idwest 15012 

Introduction 

The M idwest ISO is a non-profit , member-based Regiona l  Transmission Organ ization (RTO) 
covering all or portions of 1 5  US M idwestern states and the Canadian province of Man itoba . 
The M idwest I SO has a dua l  responsib i l ity as a re l iab i l ity coord i nator for electric ut i l it ies that 
have transferred functional  contro l  over their  transmission assets as wel l  as those that have not 
and as a manager of an energy market for the electric uti l it ies that have transferred funct ional 
control  to the M idwest ISO. Exhibit 1 - 1 below shows the re l iab i l ity footprint whereas Exhibit 1 -2 
shows the smal ler market footprint . 

1 2  From the Midwest ISO webs ite un less otherwise noted .  
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Exh ibit 1 -1 :  
Midwest ISO Rel iabi l ity Footprint 

Source: Midwest ISO 

Exhibit 1 -2 :  
Midwest ISO's Market Footprint 

Source: Midwest ISO 

Exh i bit 1 -3 provides summary statistics about the M idwest ISO's market and operations.  The 
M idwest ISO covers an extremely large geog raph ic area. This yields both sign ificant scope for 
efficiency improvement due to RTO operations and s ign ificant cha l lenges for development and 
i mplementation of a new market. Note a lso that the expansiveness of th is area wou ld a lso tend 
to compl icate the efforts of market part ic ipants to optimize generat ion and transmission 
operations in a b i latera l  Day-0 or Day- 1 marketp lace .  
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Exhibit 1 -3 :  
M idwest ISO Overview 

Metric Parameter 

Territory 
920,000 square mi les covering 1 5  US states and Canadian province 
of Manitoba . Control centers in Carmel ,  IN and St. Paul ,  MN 
256 i ncluding 28 Transmission Owners with $ 1 3 .9  b i l l ion in  

Market Participants transmission assets under the Midwest ISO's functional control and 
69 non-transmission owners 

Generation 1 33 ,006 MW (market) ; 1 62 ,98 1  MW 
Peak Load 

1 1 6 , 030 MW (market) ; 1 36 ,520 MW (rel iabi l ity) 
3 1 st , 

Transmission 
93,600 mi les including 500kV, 345kV, 230kV, 1 61 kV, 1 38kV, 1 20kV, 
1 1 5kV, 69kV 
Uses security-constrained unit commitment and economic dispatch of 

Market Operations 
generation . Operates Day-Ahead Market, Real-Time Market, and 
Financial Transmission Rights (FTR) Market. Admin isters Open 
Access Transmission and Markets Tariff ("TEMT") 

Authorities 36 footprint) 
Source: Midwest ISO Corporate I nformation Fact Sheet as of February 2007 

The M idwest ISO energy market featu res secu rity-constra ined un it commitment and economic 
d ispatch of generation with LMPs produced for 1 ,760 pricing nodes. Market operations i nclude 
a Day-Ahead Market, a Real-Time Market, and an FTR Market. The M idwest ISO is 
responsib le for admin isteri ng the Open Access Transmission and Energy M arkets Tariff (TEMT) 
mandated by the Federal Energy Reg u latory Commission (FERG) ,  the pr imary regu lator of the 
wholesa le US electricity sector. 

As mentioned above, the M idwest ISO is both a re l iab i l i ty coord inator as wel l  as an energy 
market operator. Exh ib it 1 -4 graph ica l ly represents the M idwest I SO's relationsh i p  with each 
Balancing Authority ,  whether primar i ly as a market operator or rel iab i l ity coord inator. I n  
add ition ,  the M idwest I S O  provides contractual services under ag reements with Duke Power, 
MAPPCOR and the M idwest Contingency Reserve Shar ing Group .  
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Exhibit 1 -4:  
Midwest ISO Balancing Authorities 1 3  

.,.. - •'4 " CJN ' 
I . · • ·  .. • 

CiN 
,. . . . 

...... _ .... ' 

Markel Footpnnt - - - - -

N'.lie 1 :  '.'\ystems under Midwest Reh ability Authorily bul n:.11 under \he E11er9y Marr.et.� are s.'iow!; as 
Nole :.>: MDU is a pseudo Balancing Authlrity under Midwesi ISO. 
Note 3: ITC and METC are treated as separate Balancing Authorities for the Energy Marlrets. 

Source: M idwest ISO Business Practices Manua l  for Coord i nated Rel iab i l ity, D ispatch , & Contro l ,  Manua l  
No .  006, 2005 .  N ote that  GridAmerica and ATC are n o  longer  operational but the Balancing Authorities 
p ictured are valid up to the end of the study period in  March 2006. S ince then ,  DEVI and LGEE are no 
longer operationa l  (6/2006 and 9/2006, respective ly) and S M P  jo ined the market footprint (4/2006). 

Midwest ISO Supply M ix 

The M idwest ISO is one of the largest markets i n  the US with a net i nternal  peak demand over 
1 1 6 GW14 and has a b imodal  winter and summer peaking profi le .  Exh ib it 1 -5 shows the 
percentage breakdown of d ispatch and capacity by generation source for the study horizon from 
June  2005 th rough to March 2006 . During th is time, generation for the ten months of the study 
period reached 488 TWh and capacity with in  the M idwest ISO was about 1 38 GW. Thus, the 
ratio of capacity to peak was approximately 1 1 9 percent. 

1 3  See Chapter 4 for a mapping of company acronyms. 
1 4 The peak demand record for M idwest ISO's market footprint of 1 1 6 ,030 MW was set on July 3 1 , 2006. 

YAGTP3440 
- -

918



ITCM Minnesota – Iowa 345 kV Transmission Line Project: Final Environmental Impact Statement

Appendix M Comments and Responses
FEIS ID #239

Exhibit 1 -5: 
Generation and Capacity, J une 2005 - March 2006 

Oil/Gas Steam ,  0% Other, 1 %  Oo/o 
Nuclear, 1 4% - ,  -- cc. 4% 

CT, 2% 

Oil/Gas .. Other 1 % 
Steam 3% � , Wind 1 % 

Nuclear 7%---....__ �------.... 
Hydro 3% ·  

CT 2 1 % · -

Coal 55%� 

Generation (492 TWh) Capacity ( 1 38 GW1 ) 

Source: Midwest ISO and ICF 

Although the M idwest ISO exports energy duri ng the study period , it is u lt imately a net importer. 
On average ,  the M idwest ISO was a net exporter to SPP and IMO .  The monthly average net 
export during the 1 0  study months was 306 MW per hour to SPP and 84 1 MW per hour to I MO ,  
yield i ng a tota l o f  1 ,  1 47 MW per hour or 8 TWh over the ten months .  On the other hand ,  the 
M idwest I SO imported on average 1 ,631  MW per hour from PJM ,  1 ,543 MW per hour from 
Man itoba Hydro ,  353 MW per hour from MAPP ,  and 1 ,6 1 3 MW per hour from SERC,  yield ing a 
tota l of 4 , 027 MW per hour or 29 TWh over the ten months. Note that Man itoba Hydro alone 
accounts for 38.3 percent of th is generation import .  This is 2.3 percent of the 492 TWh tota l .  
Overa l l ,  t he  M idwest ISO is a net importer of 2 ,880 MW per hou r  (4 ,027 MW per hou r  imports 
net 1 ,  1 4  7 MW per hour exports) or 2 1  TWh over the ten months .  

I t  is  important to note that rel iance on natura l  gas-fi red generation capacity has been i ncreasing 
i n  the M idwest I SO area i n  recent years where virtua l ly al l  of the generation capacity added in  
the past decade re l ies on natura l  gas as its pr imary fue l .  In  fact, of  the total capacity added to 
the M idwest ISO footprint i n  the past decade more than 92 percent is gas-fi red . Furthermore ,  
72  percent of t h e  existing gas capacity in  the M idwest ISO is considered to be  peaking capacity 
( i .e .  gas-steam or combustion tu rbine) . Hence ,  use of natu ra l  gas could wel l  requ i re the use of 
very costly sources from with i n  th is fuel category .  The i ncreased rel iance on natu ra l  gas 
throughout the reg ion is further evidenced i n  the January 2007 M idwest ISO Operations 
Report1 5 wh ich ind icates that natura l  gas-fi red generation was the marg ina l  generation resource 
more that 30 percent of the t ime i n  January 2007 even though combined cycle and combustion 
turbi ne operat ion on ly accounted for 6 percent of tota l generation .  

Midwest ISO's I ntercon nectivity with the Rest of the Grid 

Electrica l ly ,  the M idwest ISO is part of the Eastern I nterconnection , the largest of the four  
d istinct synch ronous power g rids i n  North America . As Exhibit 1 -6 shows , the  M idwest ISO 
system interconnects with the Ontario I ndependent E lectricity System Operator to the north , the 
PJM I nterconnection to the east, the Southwest Power Pool (SPP RTO) to the southwest and 

1 5  Midwest ISO Market Operations Report; January 2007 
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the Ten nessee Val ley Authority to the south . 1 6 The M idwest ISO has seams ag reements or 
memorandums of u nderstand ing with each of these organ izations but has forged the closest 
re lationsh ip  with PJM ,  the reg ion with wh ich the M idwest ISO shares the largest and most 
complex border. Note that port ions of PJM are nearly surrounded by the M idwest ISO (e .g . the 
Ch icago area) . 

"l ••> ""''� ,.,,%�«<! \!1·'-''1-f'.;,,,,,. i'•C'\-•.•1<H<"!"i'>:P i s"-�e���·!:'� ?.' � 

Exhibit 1 -6 :  
FERC Certified RTOs 

1'� - -�-�---···-'�'""'"'"-"·"-'-"""""'--�--�- . ____ ,,_,_/ 
Source : FERG 

I n  2002 the FERC d i rected the M idwest ISO and PJM to work toward development of a common 
market by October 1 ,  2004 in  order to harmon ize their  practices to functiona l ly create a s ing le ,  
transparent energy market . 1 7 The creation of a "jo int and common" market for PJM and the 
M idwest ISO goes wel l  beyond the "seams" coord ination agreements between other 
neigh boring RTOs.  This M idwest I SO-PJM coord inat ion agreement resu lts i n  by far the largest 
market in the US  stretch ing from eastern Montana th rough southwestern M issouri ,  Kentucky ,  
Virg in ia ,  a n d  counterclockwise through "Classic PJM" ,  M ichigan ,  and  M innesota . Th is 
tremendous s ize and new structu re are major developments enhancing the transparency and 
depth of the wholesale markets i n  the reg ion . U nder the coord ination agreement and with i n put 
from stakeholders ,  the two RTOs have implemented mechan isms to compensate for red ispatch 
to re l ieve congestion and protocols for honoring reciproca l  flowgates and they continue  to 
add ress seams issues and reconci le d ifferences in products to be traded using common 
standards.  

1 6  
The Tennessee Val ley Authority is not shown on the map but  encompasses the ent ire state of  Tennessee and 

port ions of contiguous states. 
1 7 FERG,  Docket Nos.  E L02-65-000, July 3 1 , 2002. 
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M idwest ISO Day-0 Operation 

Before the  Midwest ISO was created i n  1 996 , the  reg ion operated as  a decentra l ized market 
dominated by vertica l ly i ntegrated , investor-owned ut i l it ies ( IOUs) . Whi le there was no common 
market for energy, there were sub-reg ions that commun icated and cooperated on maintain ing 
the re l iab i l ity of their shared and interconnected transmission system .  The organ izations 
lead ing this effort were the reg ional re l iab i l ity counci ls . 1 8 The M idwest ISO's cu rrent geograph ic 
footprint was orig ina l ly d ivided between fou r  reg ional rel iab i l ity councils: the M id-Continent Area 
Power Pool (MAPP) ; the M id-America I nterconnected Network (MAI N) ; the East Central  Area 
Rel iab i l ity Coord ination Agreement (ECAR) ; and the Southwest Power Pool (SPP) .  Exhibit 1 -7 
shows a legacy map of each counci l 's geograph ic reach . 

Western 
Intercon nect 

Source: NERC 
Texas Interconnect 

Eastern 
Interconnect 

These cou nci ls are composed of stakeholders from across the e lectric industry i nc lud ing IOUs ,  
I PPs, power marketers , and end-use customers.  At  the t ime ,  there were 1 0  reg ional re l iab i l ity 
cou nci ls wh ich reported to the North American  E lectric Rel iab i l ity Counci l (NERC) ,  a self­
regu lating organ izat ion that developed volu ntary industry standards and best practices . 1 9 The 
geograph ic divis ion of these counci ls provides an idea of the organ ization of the market and 
how electricity flowed . Typica l ly ,  con nections with in  each counci l  were strong but somewhat 
weaker when crossing boundaries or  even ut i l ity footprints. In this environment, most 
generators wou ld supply loca l demand and i nterreg ional  electricity transfers wou ld be relatively 
more l im ited . Furthermore ,  the rel iab i l ity cou nci ls a lso tended to focus on re l iab i l ity rather than 
economic concerns .  

I n  add it ion to physical transmission constra ints that may have l im ited power flows, b i latera l 
transactions to take advantage of opportun it ies to optim ize generation usage between areas 

1 8 The n umber of reg iona l  re l iab i l ity counci ls and some of the i r  footprints have changed since then and the map 
shown above is  for reference purposes on ly .  
1 9 This has changed s ince and is d iscussed below. 
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was hampered by h igh transaction costs i n  the form of low market transparency and a lso due to 
transmission costs that penal ized power that crossed reg ional  or uti l ity boundaries. For 
example ,  power sent from a source to a load far away often had to traverse several uti l ity 
footpri nts before it reached its u lt imate destination (whee l i ng ) ,  and was often burdened with 
"pancaked" transmission rates.20 Depend ing on their magn itude,  pancaked transmission tariffs 
can act as trade obstacles that effectively segment a market and l im it interreg ional transfers . 
S im i la rly ,  decentral ized un it commitment and d ispatch operat ions from ind ividua l  compan ies 
and Balancing Authorities i ncreased costs and caused inefficiency relative to an optimum use of 
resources. 

M idwest ISO Day-1  O peration 

The h igh  costs of  pancaked transmission rates and the economic inefficiency of  the US  power 
market stifled non-ut i l ity generation i nvestment and eventua l ly led FERC to take action . On 
Apri l  24, 1 996 the FERC released the fina l  ru l i ng support ing competitive generation by 
mandat ing open access to the transmission system of incumbent uti l it ies . FERC order 888 
establ ished a process for fi l i ng  open access non-d iscrim inatory transmission tariffs that conta in  
min imum terms and cond it ions of  non-d iscrim inatory service . 2 1 Th is tariff was known as the 
Open Access Transmission Tariff (OATT) and is posted on the Open Access Same Time 
I nformation System (OAS IS)  website to foster transparency and l iqu id ity . 

About the same t ime,  transmission owners i n  the Midwest had begun  to d iscuss the formation of 
a vo lu ntary association that wou ld a lso he lp to e l im inate trade barriers such as pancaked 
transmission rates . As Exh ib it 1 -8 shows, the M idwest ISO was establ ished on February 1 2 , 
1 996 and over the cou rse of the next severa l years evolved i nto a reg ional  transmission 
organ izat ion (RTO) and energy market operator. 

September 1 6 , 1 998 

December 200 1 

February 1 ,  2002 

April 1 ,  2005 

Exhibit 1 -8 :  
Kev Dates i n  the Midwest ISO's Evolution 

Transmission owners convene to form the M idwest ISO 
FERC grants condit ional approval as an independent 

stem o erator 
RTO approval from FERC (first in the nation) .  Rel iabi l ity 
o erations Da - 1  markets be i n  
Transmission service begins under M idwest ISO Open 
Access Transmission Tariff 
M idwest Markets Da -2 Launch 

Day-0 

Day- 1 

Da -2 

On September 1 6 , 1 998 ,  the FERC approved the app l ication from 1 O transmission-owning 
uti l it ies i n  the M idwest to transfer funct ional contro l  of their j u risd ictional  transmission faci l it ies to 
the M idwest ISO and estab l ish an open access transmission tariff.22 The orig ina l  1 0  compan ies 

20 " Pancaked transm ission rates" is a term commonly used to describe the practice of incu rring mu ltip le whee l ing  
charges when mov ing power from one area to  another across mu lt ip le ut i l ity territories, each with i ts own 
transm ission system costs and associated whee l ing  charge .  S ince the tariff cha rges do not correlate with and 
a lmost a lways exceed marg ina l  costs , they are economical ly  i nefficient. 
21  F E RG,  Docket No .  RM95-8-000,  Order 888 ,  Apr i l  24,  1 996. 
2 2  

FERG,  Docket No .  E R98- 1 438-000, EG98-24-000, September 1 6 , 1 998. 
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were : Cinc innati Gas & Electric Company; Commonwealth Ed ison Company; Commonwealth 
Ed ison Company of I nd iana ;  I l l i no is Power Company; PSI Energy, I nc . ;  Wisconsin E lectric 
Power Company; Un ion Electric Company;  Centra l  I l l i no is Pub l ic Service Company; Lou isvi l le  
Gas & E lectric Company; and Kentucky Ut i l it ies Company.23 

The M idwest ISO's i n itiative went wel l  beyond the mandate of Order 888 because it created an  
actual  separat ion of  duties rather than  re lying on a standard transmission tariff to  decrease 
d iscrim ination and end pancaked rates. Even though the transmission owners would reta in  
ownersh ip  of  the i r  transmission faci l it ies and physical ly operate and mainta in  them , they wou ld 
turn over funct ional control  and tariff admin istration responsib i l it ies to the M idwest ISO to both 
provide non-d iscrim inatory open access to the reg ional  transmission grid and to i ncrease 
system secu rity and re l iab i l ity . This structu re wou ld provide substantial benefits to transmission 
customers by : 

• El im inating transmission rate pancaking on a reg ional sca le thereby prod ucing an 
overa l l  reduction i n  the costs of transmitting  energy with in  the reg ion ; 

• Offering one stop shopping for transmission service ; 

• Estab l ish ing un iform and clear rules by the ISO/RTO; 

• Separating control over transmission faci l it ies from generation and market ing 
functions;  

• Allowing large scale reg ional  coord ination and p lann ing  of transmission ; 

• Enhancing re l iab i l ity ; and 

• Fostering competit ion with sel lers havi ng access to more markets for their 
products and buyers having g reater access to sources of supply .24 

Encouraged by the M idwest ISO and other fi rst movers i n  the industry ,  the FERC later released 
another fi na l  ru l ing on December 20, 1 999 to spur the formation of RTOs nation-wide. Wh i le the 
FERC stopped short of a mandate in Order 2000 , it d id make it clear that RTO formation was 
preferred and that the Commission was ready to review and certify RTOs that met a series of 
requ i rements a imed at e l im inating d iscrim ination . 25 On December 2 1 , 2001 , the M idwest I SO 
became the fi rst RTO in  the nat ion cert ified by the FERC wh ich heralded the M idwest I SO's 
move into a Day- 1 market . I t  began provid ing transmission service under i ts approved OATT on 
February 1 ,  2002 and incorporated other ha l lmarks of Day- 1 operation such as OAS IS  
admin istration , Avai lab le and Total Transfer Capab i l ity (ATC and  TTC} determination ,  Security 
Coord ination , Transmission P lann ing ,  System Operations ,  and Market Monitoring .  

2 3  Orig ina l ly  there were 25 transmission-own ing uti l ities i nvolved i n  the creation o f  the M idwest I S O  representing most 
of the transmission owners in MAI N and ECAR. Severa l  of these uti l ities attempted to form their own RTOs but none 
have materia l ized and the M idwest ISO subseq uently absorbed many of them into its expanding footprint. 
24 F E RC ,  " Benefits C la imed by Appl icants , "  Docket No. ER98-1 438-000 ,  EC98-24-000, September 1 6 , 1 998 .  
25 Four characteristics: ( 1 )  i ndependence from market partici pants ; (2) appropriate scope and configu ration ;  (3)  
operationa l  authority over transmission faci l ities with i n  the reg ion ;  and (4)  excl us ive authority to maintain  short-term 
rel iab i l ity. N ine  functions :  ( 1 )  design and admin ister its own tariff; (2)  manage congestion ;  (3) address para l le l  path 
flow; (4) serve as p rovider of last resort of all anci l lary services; (5) admin ister its own OAS IS and independently 
ca lculate TTC and ATC; (6) p rovide for objective mon itor ing of the markets it operates or admin isters; (7) take 
primary responsib i l ity for p lann ing  and  expansion of transmission faci l it ies; and (8) participate in i nterregional  
coord ination of re l iab i l ity practices. 
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Market mon itoring functions were a lso added , but were m in ima l ,  reflect ing the then current 
b i lateral market . In add ition , the M idwest ISO rel ied exclusively on  non-market mechan isms 
such as Transmission Load ing Rel ief (TLR) ca l ls with associated generation re-d ispatch 
performed by the ind iv idual  Balancing Authorit ies to manage transmission congestion .  

Un l ike other RTOs, the M idwest ISO was u n ique because the Balancing Authorities i n  its 
footpri nt work in tandem with the M idwest ISO,  but were not part of the RTO organ ization .  The 
Balancing Authorities continue to be part of their parent uti l ity organ izations and perform 
necessary functions such as balancing generation with load in their respective geograph ic 
reg ions and reta in ing responsib i l ity for un it commitment and economic d ispatch of generation to 
serve their load . The Balancing Authorities self-provided their  anci l lary services needs and 
admin ister operat ing reserves .  They a lso maintai n  pr imary responsib i l i ty for ensuring resou rce 
adequacy.  

Reg ulatory and Industry Chal lenges Affecting the M idwest ISO's Day-1 Operations 

During this time, much was chang ing in the industry .  The d i rective from the FERC spurred the 
creation of severa l other RTOs in the region wh ich have al l now d issolved . The effect on the 
M idwest ISO was an  ever-chang ing membersh ip  base and thus geograph ic scope . By the t ime 
FERC approved the M idwest ISO's RTO appl ication ,  Commonwealth Ed ison Company, I l l i no is 
Power Company and Ameren had withdrawn to jo in other RTOs (though the latter two merged 
and then rejoined the M idwest ISO in 2004) . On the other hand ,  e ight more ut i l it ies joi ned the 
M idwest ISO, namely: I nd ianapol is Power & Light; I nd iana Mun icipal Power Agency ;  L inco ln  
E lectric (Neb . )  System ;  M i nnesota Power; Otter Tai l  Power Company; Uti l iCorp U n ited 
( includ ing M issou ri Publ ic Service , St. Joseph Light & Power and WestPla ins Energy-Kansas) ; 
C ity Water, L ight and Power (Springfield , I l l . ) ;  and Montana-Dakota Uti l it ies. I n  add ition , 
Man itoba Hydro entered i nto a coord inat ion agreement and there were pend ing and cond itional  
agreements with severa l  other compan ies such as Sunflower E lectric Power Corporation ,  
Dairy land Power Cooperative , Great R iver Energy , and  Southern M innesota Mun icipal Power 
Agency .  Wh i le th is is not an exhaustive l ist of the changes the M idwest ISO experienced , it 
does underscore the d ifficult task the M idwest ISO had of i ntegrat ing new members and its 
growing importance in the reg ion . Despite these chal lenges, the M idwest ISO eventua l ly 
became the on ly FERG-recogn ized RTO i n  the M idwest i n  December 200 1 . 

The M idwest ISO Day-2 O peration 

The M idwest I SO's Day- 1 operat ion was an improvement over the status quo but  sti l l  d id not 
provide market-based congestion management and imbalance service as requ i red by FERC of 
RTOs. Compared to its eastern neighbors ,  the M idwest ISO is a re lative newcomer in  
imp lementing a transparent power market structure and pricing mechan isms.26 The add it ion of 
FERG-requ i red market-based transmission services requ i red creation of day-ahead and rea l­
t ime locational  marg ina l  price ( "LMP") energy markets as had a l ready occurred i n  the eastern 
RTOs. LM P-based energy markets wou ld a l low the M idwest ISO to efficiently manage 
transmission congestion and set transparent market-clearing prices at each location on the 
network. 

26 PJM RTO started i ts  b id-based energy markets i n  Apri l ,  1 997 .  ISO-New England launched i ts  first Power Exchange 
(PX) market i n  May, 1 999. 
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The process i ntensified on May 26 , 2004 when the FERC cond it ional ly approved the Open 
Access Transmission and Energy Market Tariff (TEMT) that was fi led by the M idwest ISO on 
March 3 1 , 2004 . The proposed TEMT, and its later mod ificat ions, provide the terms and 
cond it ions necessary to operate Day-Ahead (DA) and Real-Time (RT) energy markets with 
LM P-based price signals thereby imp lementing the FERC-requ i red market-based congestion 
management system .  In addit ion , the M idwest ISO proposed to operate a market for F inancia l  
Transmission Rights (FTR) , wh ich provides market participants the opportun ity to hedge thei r 
locational  price risk associated with congestion .  The M idwest ISO expended a total of $246 .7  
m i l l ion to complete the development of the  systems to imp lement Day-2 markets and expects 
annua l  revenue of between $1 20 m i l l ion and $1 25 m i l l ion to recover both these startup cost and 
ongoing operat ing costs . 27 

On Apri l 1 ,  2005 , the M idwest I SO officia l ly commenced Day-2 operat ion and began centra l ly 
d ispatch ing wholesale e lectricity and transmission service throughout much of the M idwest . 
The b ids and offers i n  the market for the fi rst two months were cost-based ,  and hence the ICF  
study focuses on  the post June 30 ,  2006 period when the b ids became market-based . 

Energy Market 

The M idwest ISO operates Day-Ahead and Real-Time (balancing) Energy Markets using 
security constra i ned un it commitment and economic d ispatch of generation that provide for an 
optimal  use of al l  resources with in  the reg ion based on the b ids and offers provided to the RTO. 
The Day-Ahead Market is a forward fi nancial market for energy. The Day-Ahead clearing 
process resu lts i n  a set of financia l ly b ind ing schedu les accord ing to which sel lers are financial ly 
responsib le to del iver and purchasers financia l ly responsib le to buy energy at defined locat ions. 
The Day-Ahead market process is based on a un it commitment mode l  that min im izes total 
production costs over 24 hours.  Thus,  the M idwest I SO uses a too l  s imi lar to the tool used i n  
th is study. Typica l ly the load cleared i n  the Day-Ahead Energy Market is  less than the actual 
load cleared in the Real-Time Energy Market . This imba lance requ i res the M idwest I SO to 
commit add itiona l  un its th rough a Rel iab i l ity Assessment Commitment (RAC) process in order to 
meet the projected Real-Time load and requ i red reserves. 

Sources of energy i n  the day-ahead market inc lude:  

• Generator offers 

• Externa l  transactions 

• Virtual  supp ly offers 

Sources of demand in the day-ahead market inc lude:  

• F ixed demand bids 

• Price sensitive demand b ids 

• Externa l  transactions 

• Virtua l  demand bids 

27 M idwest ISO,  FERC Form 1 :  Annua l  Report of Major  E lectric Ut i l it ies, Licensees and Others and Supplementa l ,  
1 09 . 1 and 1 23 . 1 .  
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The M idwest ISO pub l ishes a day-ahead schedu le  and a 24-hour day-ahead set of LMPs. The 
day-ahead schedu les constitute financia l  contracts to supply or  consume power. FTRs are also 
settled based upon the 24-hour day-ahead LMP values. 

The M idwest ISO Day-Ahead market clearing process performs a un it commitment and d ispatch 
based on supply offers and load bids and estab l ishes hourly LM Ps at each d iscrete price node 
on the grid . Those LM Ps are used to settle both cleared supply and demand transactions at 
each price node.  Genera l ly each generator has a un ique price nodes (one per generating un it ,  
even where mu lt ip le generators are at a single p lant) . In contrast , due to practical metering 
considerat ions,  loads are genera l ly aggregated for settlement pu rposes based on the load­
weighted average of the load zone . 

The primary purpose of the Day-Ahead market is to clear (and schedu le) sufficient supply to 
fu l ly satisfy cleared Day-Ahead demand .  The Day-Ahead market serves to uti l ize resources 
that m in imize production costs account ing for operat ional l im itat ions (e . g . ,  u n it notification and 
m in imum start times) . The purpose of the Real-Time market is s imi lar, but is based on actual 
rather than bid demand and must a lso function to determine economic red ispatch to manage 
congestion g iven dynamic supply and demand .  

The M idwest I SO uti l izes Locat ional Marg ina l  Pricing (LMP) ,  which is  the market cleari ng price 
at a specific Commercial Pricing Node (CPNode) in the M idwest Market that is equal  to the cost 
of su pply ing the next increment of load at that location .  LMP values are separated into th ree 
components for settlement pu rposes : marg ina l  energy component, marg ina l  congestion 
component ,  and marg ina l  loss component .  The va lue of an LMP is the same whether a 
purchase or sale is made at that node. S ince the launch ing of the M idwest I SO's Energy Market 
in Apri l ,  2005,  LMPs at some 1 ,760 points a long the power grid are produced at five-minute 
i nterva ls .  The M idwest I SO has created fou r  financial trad ing hubs - Cinergy, I l l ino is ,  M ich igan 
and M in nesota - that provide market participants with conven ient trad ing locations with 
correspond ing price ind ices to faci l itate b i lateral trad ing and settlement of contracts . The hubs 
provide stable trad ing locations thereby reducing price uncertainty for parties who wish to 
contract, improve l iqu id ity and genera l ly support the development of a more robust wholesa le 
e lectricity market . Exh ibit 1 -9 shows the January 2007 average da i ly LM Ps for cu rrent M idwest 
ISO h u bs in both the Day-Ahead and Real-Time markets . Differences between locations are 
primari ly the resu lt of congestion .  

Exhibit 1 -9 :  
Midwest ISO H u b  Prices - January 2007 

Locational Prices 
Daily average $/MWh 
(Peak; Weekdays 0600-2200) 

PJM 
Day-ahead 

CJ Minneso:a Hub- Cinergy Hub D PJM AE?-Dayton Hub 
CJ l l l irois Hub - First Energy H�b Q PJt.1 Chicago Hub 
- Michigan Hub - MISO l\verage c:::J PJM Average 

Midwest ISO Midwest ISO 
Real-time 

Source : Midwest ISO Market Operations Report; January 2007 
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Local Balancing Authority Operators (also known Balancing Authorities) conti nue to be 
responsib le for many of their trad itional  functions ,  but operate thei r  systems i n  response to 
signals issued by the M idwest I SO .  

FTR Market 

Although energy is the pri ncipal offering in the market, the M idwest ISO also provides tradable 
F inancial Transmission Rights (FTRs) to a l low market participants to hedge potent ial congestion 
costs. FTRs are a l located ann ual ly to market part icipants on the basis of h istoric transmission 
service . I mmediately fol lowing the annua l  FTR a l location ,  the M idwest I SO also conducts an 
annual FTR auction .  The Midwest ISO a lso conducts a month ly a l location and auction of FTRs 
to faci l itate trad ing and to provide a measure of FTR market price transparency ,  a lthough on ly 
fina l  strike prices are pub l ished (b ids ,  offers ,  and identities of market participants are 
confidentia l ) . 

Currently the M idwest ISO FTR market i ncludes FTR obl igations.  Obl igations provide reven ues 
to the holder if congestion restricts transmission from the FTR Receipt Point to the FTR Del ivery 
Point .  If congestion is i n  the reverse d i rection , they impose a charge on the holder. 

The M idwest ISO TEMT also provides for the eventual i ntroduction of FTR options. These 
instruments provide revenues to the ho lder if congestion restricts transmission from the FTR 
Rece ipt Point to the FTR Del ivery Point. I f  congestion is in the reverse d i rection ,  no charge is 
imposed on  the holder. 

Capacity and Anci l lary Services Markets 

There is currently no capacity market operated by the M idwest I SO,  and resource adeq uacy 
contin ues to be addressed at the reg ional  and state leve l .  Modu le E of the TEMT add resses 
Resource Adequacy requ i rements, includ ing p lann i ng reserve marg in  requ i rements for market 
participants serving load with i n  the M idwest ISO footpri nt . The M idwest ISO adeq uacy 
requ i rements are based on existi ng Rel iab i l i ty Resource Organ ization (RRO) and state 
standards.  Accord i ng to Modu le E ,  transmission customers serving network load must 
designate firm Network Resources rel ied upon to assure adequate generation is ava i lab le to 
meet both load and appl icable reserve requ i rements . 

P lann ing  reserve requ i rements i n  the M idwest I SO footprint varied by NERC Reg ion du ring the 
study period . At the t ime , MAPP and MAI N each had a 1 5  percent p lan n ing reserve 
requ i rement wh i le  ECAR had no expl icit p lann ing reserve requ i rement. I n  p lace of p lann ing 
reserve requ i rements, ECAR reviews avai lable and p lanned capacity and performs a 
probab i l ist ic Loss of Load Expectation (LOLE) to determine if sufficient capacity exists to meet 
forecast demand in both the short and long term . The target LOLE is 1 day in 1 0  years (0 . 1 
day/year) .  S imi lar  to the capacity market , markets for operat ing reserves and anci l lary services 
are expected to be developed i n  the futu re (see Day-3 d iscussion below) . 
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Regulatory and Industry Chal lenges Affecting the M idwest ISO's Day-2 Operations 

Whi le the M idwest ISO was developing p lans to transit ion to a Day-2 operation ,  the 28 August 
1 4 , 2004 blackout,  affected Midwest I SO members and others ,  and i ncreased re l iab i l ity 
concerns.  The Energy Pol icy Act of 2005 specifica l ly addressed th is by empowering the FERG 
to designate a s ing le E lectric Rel iab i l ity Organ ization for the country with the ab i l ity to create 
and enforce mandatory re l iab i l ity standards on the ent ire US electric industry ,  subject to the 
FERC's approva l .  On Ju ly 20 ,  2006, the NERC was certified as the E lectric Rel iab i l ity 
Organ ization and its proposed rel iab i l ity standards are cu rrently under the FERC's review. 

Add it ional chal lenges faced by the M idwest ISO energy market startup incl uded record h igh  
natura l  gas ,  o i l ,  coal ,  and emission a l lowance prices i n  the second half of  2005 .  H u rricanes 
Katrina and R ita combined with i nternational  events to d rive natu ra l  gas and o i l  prices to levels 
wel l  above h istorical norms between August and December 2005. For example ,  natura l  gas 
prices peaked at an  average of $1 2 .60/MM Btu in December 2005. 29 These high prices spi l led 
over i nto coa l  and emission a l lowance markets, increasing the costs of operat ions and 
magn ifying the economic effects of any operat ional i nefficiencies experienced du ring i n it ia l  
market operat ions. 

Com parative Analysis 

Th is section offers a h igh  level comparison of  the evo lutionary stages the M idwest ISO has 
progressed th roug h .  We offer th is summary before we introduce the M idwest ISO's proposed 
anci l lary services market in the next section .  Exhibit 1 - 1 0  compares the d iv is ion of 
responsib i l it ies between the Day-0 , Day- 1 and Day-2 operations. 

28 U .S . -Canada Power System Outage Task Force , Final Report on the Aug ust 1 4 , 2003 Blackout in  the U nited States and Canada: 
Causes and Recommendations, 1 (April 2004) . 

29 Sou rce: Gas Dai ly  Ch icago C ity Gate price 
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Exhi bit 1 -1 0 : 
Roles and Responsibi l ities During Day-0, Day-1 and Day-2 Operation 

Responsibi l ities Day-0 Day-1 Day-2 

OASIS Admin istration 1 
Balancing 

Midwest ISO M idwest I SO 

QA TT Tariff Adm in istration 1 Balancing 
Midwest ISO M idwest I SO 

ATC and TTC Calcu lation 
Balancing 

Midwest ISO Midwest I SO 

Load Forecasting 
Balancing Balancing Balancing 

Outage Schedu l ing 
Balancing 

M idwest ISO Midwest I SO 

Balancing 
Balancing 

Security Coord ination 
Authority 

Authority/ Midwest ISO 
Midwest ISO 

Transmission Planning 
Balancing 

M idwest ISO Midwest ISO 

Unit  Commitment and Dispatch 
Balancing Balancing 

Midwest I SO 

Balancing 
M idwest ISO Midwest ISO 

Congestion Management Authority 
(red ispatch/TLR) (LMP) 

Resource Adequacy 
Balancing Balancing Balancing 

FTR Market N/A N/A Midwest ISO 
Day-Ahead and Real-time Market 

N/A N/A Midwest ISO 
Admin istration 

and Sett lement N/A Midwest ISO Midwest ISO 

Market Monitor N/A 
I ndependent 

Independent 

1 I nd iv idual  uti l ity OASIS s ites and OATTs were in  effect u nder Day-0 operation 

In the decentra l ized Day-0 market , al l  functions were the responsib i l ity of the local  Balancing 
Authority . In contrast , the Midwest ISO took over some of these responsib i l it ies i n  the Day- 1 
market. Between Day-0 and Day- 1 , the depth of coord i nation between the M idwest ISO and 
Balancing Authorities is  d ramatica l ly d ifferent .  The sal ient d ist inction is that each Balancing 
Authority was responsib le for a smal l  geograph ic footprint with l im ited reg ional coord ination 

U nder Day-2 operation ,  the M idwest ISO expanded its Day- 1 respons ib i l it ies to i nc lude a 
market-based method for managing congestion featur ing operation of Day-Ahead and Real­
Time energy markets , and a market for FTRs . Because of the i ntroduction of a Day-Ahead 
market, a Rea l-Time market and an FTR market, the need for market mon itoring responsib i l it ies 
for Day-2 i ncreased sig n ificantly. Those respons ib i l it ies are cu rrently carried out by an 
I ndependent Market Mon itor ( IMM) ,  Potomac Economics.  The M idwest ISO manages the 
single M idwest I SO-wide transmission tariff under both Day-1 and Day-2 operat ions. U nder 
both Day- 1 and Day-2 operation ,  a l l  market participants take transmission service from the 
M idwest ISO u nder i ts tariff. 
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As described i n  th is chapter, whi le the physica l  fundamentals remain largely u nchanged i n  the 
Day- 1 and Day-2 scenarios, there are s ign ificant structura l  and operat ional d ifferences, 
especia l ly in key operat ional areas such as un it commitment and d ispatch , transmission 
schedu l i ng ,  and congestion management. S pecifical ly ,  there is centra l ized operation with 
access to g reater data and the ab i l ity to apply mathematica l  and economic optim ization to these 
areas. 

Futu re E n hancements to M i dwest ISO O perations 

On February 1 5 , 2007 ,  the M idwest ISO submitted to the FERC its proposal to create an  
Anci l lary Services Market ("ASM") for the  procurement of regu lation and  operat ing reserves.30 

Some refer to th is proposed structure as a "Day-3" market to d ifferentiate it from the exist ing 
M idwest ISO operat ions.  In order to prepare for the imp lementation of ASM ,  the M idwest ISO 
proposes to assume the role of the s ingle M idwest ISO Balancing Authority with the majority of 
the cu rrent Balancing Authorities serving on ly as Local Balancing Authorit ies. The tra nsfer of 
authority is to ensure that the M idwest ISO wi l l  be able to procu re requ i red operat ing reserves 
through the proposed ASM .  

Currently the procu rement of regu lation and operat ing reserves i s  the responsib i l ity of each 
Balancing Authority via a cost-based process. Energy on the other hand is procured through a 
market-based process from the M idwest ISO.  The proposed ASM seeks to create Day-Ahead 
and Real-Time markets for regu lation and operat ing reserves l i ke those currently exist ing for 
energy in the M idwest I SO and l i ke those currently existi ng i n  other RTOs employing LM P Day-
2 structures. 

The M idwest ISO has evaluated potential benefits of ASM market implementation and has 
found that it wi l l  g reatly expand the scope of potential savings avai lable to market participants. 
Th is conclusion is corroborated by the find ings of this analysis .  See Exh ib it ES-8 above which 
summarizes the sign ificant expected benefits and costs of the ASM market i n itiative based on 
the eva luation previously performed by the M idwest ISO. 

3 0  M idwest ISO,  Docket No .  E R0?-550-000, February 1 5 , 2007. 
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CHAPTER TWO 
ANALYTIC APPROACH AND CASES EXAMI N ED 

I ntrod uction 

This chapter d iscusses the analytic approach to ana lyzing the changes i n  production costs 
associated with the transit ion to centra l ized operat ions. This approach invo lves severa l  
computer model s imu lat ions of the M idwest ISO operations between June 2005 throug h March 
2006 . 

It is emphasized that th is est imate of the benefits from Day-2 centra l ized i nformation and 
operations does not i nclude some of the other potential benefits associated with market 
restructuring ,  wh ich may best be treated on a qua l itative basis. 

The approach to est imating the three primary outputs of this ana lysis i nvolves calcu lati ng the 
d ifference between the Day- 1 system31  production cost and that of the respective Day-2 case . 
The primary outputs are :  ( 1 )  the maximum theoretical savings of an Optimal Day-2 operation , 
(2) the ach ievable theoretical savings of the M idwest I SO's Day-2 operation , and (3) the 
est imated ach ieved benefits of the Day-2 Actual  M idwest ISO operation . 

Th is chapter is presented i n  six pr incipal sections as fol lows : 

• Cases Examined 

• Methodology for Assessing Day- 1 and Day-2 Optimal Costs i n  the MAPS 
Framework 

• Model Cal i bration 

• Model ing Treatment Across Cases 

• Methodology for Assessi ng Day-2 Actual Costs 

e Stakeholder Participation Process 

Cases Exam i n ed 

ICF  prepared and ana lyzed four  primary cases i n  order to develop the study resu lts. These 
cases are :  

• Case:  This case estimated the production cost of the M idwest ISO market 
assu ming contin ued Day-1 operation for the study period . ICF used hu rd le 
rates32 derived from a model  cal ib ration exercise of the 2004 Day- 1 Midwest ISO 
market to  s imu late contin uation of  decentra l ized Balancing Authority u n it 
commitment and economic d ispatch . Hurd le rates are the barriers to trade 

31 T he System in  th is  case is the US Eastern I nterconnect 

32 H u rd le rates are d iscussed in deta i l  in Chapter 3 .  
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between Balancing Authorities needed to reproduce the actual  operations 
observed i n  2004 i n  the model .  

• Case :  Th is  case was designed to  pred ict the theoretica l 
maximum benefits from centra l ized operations i n  a Day-233 market as compared 
to the Day- 1 Case . Th is case specifica l ly was used to pred ict the production 
costs of an opt imal M idwest ISO Day-2 operation .  Commitment and d ispatch 
hu rd le rates used in the Day- 1 Case to s imu late decentra l ized operation were 
e l im inated in the Day-2 Case to s imu late centra l ized un it commitment and 
footprint-wide economic d ispatch . 

• Actual  Case: This  case was designed to determine the benefits ach ieved 
by the M idwest ISO's Actual Day-2 operation over the study period . ICF used 
actual hou rly d ispatch data from the M idwest I SO's Day-2 market operations to 
est imate actua l  production costs during th is h istorical period . 

• No-ASM Services Case: This sensitivity case was designed 
to s imu late ach ievable benefits from centra l ized d ispatch g iven the fact that 
current M idwest ISO operations do not include centra l ized d ispatch and 
commitment of regu lation and operat ing reserves. I nstead , the majority of these 
anci l lary services are held by each Balancing Authority loca l ly .  The M idwest ISO 
fi led an ASM plan on February 1 5 , 2007 that wou ld  a l low for futu re optimization 
of these services beg i nn i ng i n  2008.  

From these cases, we estimate the maximum potential benefits associated with the M idwest 
ISO Day-2 market; the ach ievable benefits g iven the actual implementation of the M idwest ISO 
Day-2 market; and the actual benefits ach ieved by the M idwest ISO during the study period . I n  
each case , the benefit i s  assessed by comparing the production cost i n  the Day- 1 Case to that 
in the respective Day-2 Case . The maximum theoretical potential benefits is assessed as the 
change in  system production costs between the Day-1 Case and the Day-2 Optimal Case; and 
the ach ievable benefits as the change i n  system production costs between the Day-1 Case and 
the No-ASM Case . In  both cases, the on ly change re lative to the Day- 1 Case is the s imulated 
market structu re with in  the M idwest I SO footprint . Therefore any changes in production costs 
are d i rectly attributable to the M idwest ISO Day-2 or No-ASM market. The actual ach ieved 
benefits are assessed as the change in system production costs between the Day- 1 Case and 
the Day-2 Actual  Case . 

I n  each case , the system production costs comprise the fue l  costs , the variable operation and 
maintenance costs , and the NOx and S02 emission a l lowance charges for every generator in  
the US Eastern I nterconnect. I n  the Day-2 Actual case , on ly M idwest ISO generators are 
d i rectly observable using actual  market generation data from the M idwest ISO market systems. 
In th is case we estimate the production cost of generators external  to the Midwest ISO footprint 
using an I nterchange I ndex wh ich is d iscussed in detai l  l ater i n  th is chapter. 

33 Note that M idwest ISO actua l  operat ions differed s ign i ficantly d u ring the study period from the theoretica l  Day-2 
Optimal Case mode led due  to , for example,  the manner in which regu lation and operating reserves are currently 
provide in  the Midwest ISO reg ion versus the in the model representation  . These differences are examined through 
sensitivity cases such as the "No-ASM Case" . 
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Methodology for Assessi n g  Day-1 and Day-2 Costs i n  the MAPS 
F ramework 

ICF  used GE Energy's MAPS computer model for estimating the benefits associated with 
transforming the M idwest ISO market from a b i lateral  to a centra l ly coord inated market. MAPS 
is  a h igh ly deta i led model that chrono log ical ly ca lcu lates hour-by-hour production costs wh i le 
recogn iz ing the constra ints on the d ispatch of generation imposed by the transmission system .  
MAPS uses a detai led electrical model of the entire transmission network, a long with generation 
sh ift factors from a solved power flow case to determine how power from generati ng plants wi l l  
flow over the AC34 transmission network35 . Th is  featu re enables MAPS to captu re the economic 
penalt ies of re-dispatch ing generation to satisfy transmission faci l ity l im its and security 
constrai nts. ICF used MAPS to perform a security constra ined un it commitment and economic 
d ispatch of generating resources to meet load and reserve requ i rements. ICF modeled a ten 
month h istorical period on a bi-hourly basis for cal i bration purposes (2004) ,  and for forecast ing 
purposes (2005 and 2006) . 

The outputs of the model ing exercise i nclude power plant d ispatch , hourly nodal and zona l  
p rices, power flows on mon itored transmission l i nes and i nterfaces,  and a fu l l  report ing of  a l l  
prod uction costs expended with in  the Eastern I nterconnect to  meet load and reserve 
requ i rements. These costs i nclude fue l  use , emission a l lowance costs and variable non-fuel 
operat ion and maintenance (VOM) costs . 

Model Cal ib ration 

A key element of  the approach to  estimating RTO benefits i nvolves the use of "hurd le rates" to 
capture inefficiencies associated with decentra l ized markets . Two hu rd les were used , a 
commitment hurd le and a d ispatch hu rd le .  The analysis used commitment hu rd les to capture 
company operation (decentra l ized operat ion) and dispatch hurd les to captu re non-tariff related 
d ispatch inefficiencies associated with schedu l i ng and d ispatch ing practices amongst mu lti p le 
transmission providers .  

A key feature of  the M idwest ISO's  Day- 1 operation was the decentral ized commitment of 
generation resources by ind ividua l  Balancing Authorit ies. Un it commitment is the decision to 
bring a powerplant on l ine and make it ava i lable for d ispatch at a g iven t ime and for many plants 
requ i res start-up  in advance of the time when the p lant wou ld be used i . e  in advance of 
d ispatch . Under Day- 1 operation , each Balancing Authority was responsib le for commitment of 
generation to meet its load p lus reserve requ i rements .  As described earl ier ,  h u rd le rates are a 
model ing construct that a l lows us to s imu late these aspects of decentra l ized operation by 
imposing an add itiona l  cost component, in most cases a s ign ificant addit iona l  cost component, 
on using resources outside a Balanci ng Authority's contro l .  Th is natu ra l ly provides the 
economic incentive , with i n  the model ing context , for local resources to be committed ahead of 
externa l  resou rces, thereby s imu lating  the Day- 1 framework for un it commitment. 

The determinat ion of the appropriate level of hu rd le rates is ach ieved through a detai led model  
cal i b ration exercise i n  wh ich hu rd le rates are i ntroduced i n  the model  to cal ib rate the s imulated 
model outcome to h istorica l market outcomes. ICF cal ibrated to four  primary parameter during 
th is exercise, namely M idwest I SO net interchange,  generation by Balancing Authorities, 

34 Alte rnating Cu rrent 
35 MAPS uses a l inearized Direct Current (DC) Network approximati o n .  Generation shift factors determine the amount of injected 
power flowing on particu lar  transm ission l ines and other system elements such as transformers . 
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generation by un it type, and generation by u n it .  S ince product ion cost models are not designed 
to solve for these hu rd le rates,  cal ibration exercises tend to be iterative processes whereby an  
i n it ia l  assumption of  these hu rd le rates is used and refi ned with each successive iteration until 
the model outcome is reasonably close to the h istorical actua l  market outcome. Each of these 
parameters was cal ibrated to match their  2004 h istorical outcomes as closely as possible. The 
resu lts of the ca l ibration exercise are d iscussed i n  Chapter 4. 

Without the use of commitment hurd le  rates , most production cost models would assume a 
s ing le region-wide market where a l l  un its are equa l ly e l ig i b le to commit to serve the reg ion-wide 
load based on economics. For example a un it in I l l i nois cou ld be committed to serve load i n  
Oh io  and  vice versa , to  the extent it is economic to  do  so . The  use of  commitment hurd les 
provides the MAPS model with a means to recogn ize market and operational boundaries such 
as between the M idwest ISO and PJM as wel l  as practices across companies operating 
separately with i n  the M idwest ISO reg ion such as Ameren ,  Duke Energy, and Xcel Energy. 
Dur ing the commitment process , these commitment hurd les ensure that on ly company 
resources are committed to meet company load fi rst before be ing made avai lable to meet the 
needs of other interconnected compan ies. 

The Project Steering Committee i n  consu ltat ion with the M idwest ISO selected 2004 as the 
appropriate year to ca l ibrate the model  for this study. Therefore ,  ICF used Apri l - December 
2004 market data provided by the M idwest I SO and Stakeholders for this cal ibration exercise. 
Exh ib it 2-1 provides a h igh  level overview of the data used for the ca l ibration and the associated 
sou rces. 

Exhibit 2-1 : 
Summarv of Cal ibration Data 

Parameter Source 
2004 Demand M idwest ISO 

Generator Cost and Performance Stakeholders 

Generator I nterconnection Nodes Midwest ISO 

Reserve 

Transmission Network Midwest ISO 

Transmission Access Rates M idwest ISO 

"Must-Take" Contracts Stakeholders 

Faci l ities Stakeholders 

Coal Prices SNL Financial 

Natural Gas Prices Gas 

Oi l  Prices 

S02 and Allowance Prices Air 

2004 Actual Unit Generation P latt's and SNL Financial 

The commitment and d ispatch hurd le rates were determined s imu ltaneously during the 
cal ibration exercise. Each iteration of the model provides information to gu ide refinement of the 
commitment or d ispatch hu rd les, or both . Specifical ly ,  for each u n it with in the M idwest ISO, the 
model determines hourly whether the un it shou ld be committed and d ispatched . This is done 
through a m ulti-pass com mitment process that performs hourly commitment of resources to 
serve load whi le s imu ltaneously looking one week ahead . 36 Thus the total number of hours the 

36 The forward looking view ensures that each un it's operati ng characteristics such as minimum uptime and downtime are not 
violated.  
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un it is committed and d ispatched (and associated generation )  can be imputed for  the year. 
Note that in the model ,  a un it that is  not committed wi l l  not d ispatch ; consequently , the level of 
com mitment ( i n  hours) wi l l  a lways be g reater than or  equa l  to the level of d ispatch .  Through the 
iterative cal ibration process, the model 's project ions for un it commitment and d ispatch were 
compared to actual  h istorical operation ,  especia l ly for un its that showed large deviations,  to 
determine the appropriate hurd le rate adjustments . For example ,  if a un it that h istorica l ly 
d ispatched in 2004 did not d ispatch as much i n  the 2004 cal ibration model and a lso d id not 
commit as much as wou ld be requ i red to permit the level of h istorica l d ispatch , then the 
commitment h u rd le was adjusted . In contrast , if the un it was committed as expected , but did 
not d ispatch as much as it actua l ly d id h istorical ly ,  then the dispatch hurd les were adjusted . 

Model i n g  Treatment across Cases 

A large n umber of parameters were treated consistently across a l l  the cases. These i nclude 
basic supp ly/demand fundamenta ls such as demand levels ,  physical supply characteristics , fuel 
prices , environmental a l lowance prices, etc. Add it ional ly ,  any transmission or generation 
capacity expansion was modeled consistently across a l l  cases, as was the treatment of must­
run/must-take contracts . 

There were , however, key structural and operationa l  parameters that were modeled d ifferently 
across the cases to captu re the a lternative s imu lated market structures. Exh ib it 2-2 
summarizes the treatment of key parameters in the model ing of the cases and the major 
d ifferences across cases from a model ing perspective . These major areas of d ifferences are 
captured through the treatment of: 

• U n it commitment and d ispatch ; 

• Transmission rates; 

• Operating reserves ; and 

• Uti l izat ion of existi ng transmission assets . 
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Exh ibit 2-2 : 
f K A 

Parameter Day-1 Case No-ASM Case 
Day-2 Optimal  

Case 
Secu rity Constra ined 

Commit to meet Balancing M idwest ISO reg ion-wide 
U n it Commitment 

Authority load p lus reserve centra l ized commitment 

Secu rity Constra ined Dispatch to meet Balancing 
M idwest ISO reg ion-wide 

Economic Dispatch Authority load p lus economy 
centra l ized d ispatch 

H 1  - Hurd le designed i n  model 
to force u n it commitment by 

Balancing Authority - Appl icable 
on ly to un it commitment (SCUC) 

Hu rd le Rates - does not d i rectly affect SCED None 
H2 - Real ized hurd les from 

model cal ibration exercise to 
capture non-tariff related 

d ispatch inefficiencies 
Transmission Tariffs M idwest ISO-wide un iform tariff 

Reduced actua l  l i ne l im it based 
Transmission L im its on prior M idwest I SO ana lysis of 1 00 percent of the actual  l i ne l im it 

h istorical data 

Based on existi ng M idwest ISO Operat ing Reserve 
Based on 

centra l ized 
Operati ng and requ i rement. Each Balancing Authority provides 

footprint-wide 
Regu lation Reserves operat ing reserves based on their  a l location under 

operating 
the Reserve Sharing Agreement 

reserve market 

U n it Com m itment and Dispatch 

The Day- 1 Case model was configured to permit each company to commit its resources to 
serve native load . This was ach ieved by the use of hu rd le rates designed to constra in  each 
Balancing Authori ty's generation resources to serving its load fi rst. In add ition ,  ICF used sma l l ,  
u n iform , d ispatch hu rd le rates to capture non-tariff re lated Day- 1 market inefficiencies 
associated with Balancing Authority operations.  

The appl ication of the commitment hu rd les was eva luated carefu l ly to ensure that the desi red 
effect was ach ieved i . e . ,  for each company or Balancing Authority least cost un its were 
committed before the more expensive un its. I n  many of the models used for cost benefit 
analyses, such as MAPS , the commitment decision for a generation un it is based on its priority 
cost. The lowest priority cost generat ion resource with i n  a Balancing Authority or with i n  a 
company's fleet of resources gets committed fi rst to serve its load . I n  turn ,  each un it 's priority 
cost is determined by two key components: 

• its variable costs , 37 and 

• its natura l  location factor38 with respect to transmission constra ints and losses. 

3 7  The variable cost comp onents of  each un it's priority costs include fue l ,  variable operation and maintenance cost, start-u p  costs 
and emissions cost. 
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When commitment hu rd les are introd uced i n  the model as a means to s imu late a decentra l ized 
market , a th i rd component is introduced to the priority cost equation . Th is th i rd component, if 
not properly appl ied , can i ntroduce d istort ions to the resu ltant un it commitment stack. S ince the 
commitment hurd le is designed to constra in  a grou p of generation resou rces avai lable with i n  a 
Balancing Authority or belong ing to a company to serve its load , appropriate care should be 
taken to ensure that the impact of the commitment hurd le is u n iform across that target g roup of 
resources. These commitment hu rd les, if appl ied across Balancing Authority tie- l i nes, can 
i ntroduce locat ional b iases to the target resou rces and the effect would be a non-un iform impact 
of the commitment hu rd le across the target resou rces. For example ,  assume a particu lar 
Balancing Authority has a s ing le t ie with its external electrical world . I f  a $20/MWh commitment 
hu rd le is placed at this t ie ,  then the impact of the commitment h u rd le on each of the un its with i n  
that particu lar Balancing Authority wi l l  depend on each u n it 's sh ift factor across that t ie .  Thus,  if 
two u n its in that Balancing Authority have d ifferent sh ift factors across th is tie, the impact of the 
commitment hu rd le wi l l  not be un iform and may d istort the priority costs of both u n its . Thus, an 
improper appl icat ion of the commitment h u rd le may have the un intended consequence of 
committ ing the more expensive generation resource before the cheaper generation resou rce . 

To avoid this problem, ICF d id not apply the commitment hu rd les at the Balancing Authority t ies. 
I nstead , ICF used special  operating nomograms to un iformly app ly the commitment hurd le to 
each company's un its to ach ieve the dual  objectives of: 

• Constra in ing u n its with in  the company/Ba lancing Authority to commit to the 
Balancing Authority/company load fi rst before committ ing to some other load ; 

• Ensuring that un its with in  each Balancing Authority/company mainta in  their true 
commitment priority derived from the ir  variable costs and their natura l  location 
factors .  

Model ing of Transm ission Fac i l ity Lim its and F l owgate Uti l ization 

ICF has expl icitly modeled a l l  designated N E RC and M idwest ISO flowgates39 i n  th is analysis . 
F lowgates are usua l ly the sensit ive and often stressed locations in the grid . Transmission 
flowgates are frequently mon itored for potent ial  l i ne overloads should there be conti ngency 
and/or emergency cond it ions such as outage of l i ne(s) or generation plant(s) or both .  
Approximately 1 300 N E RC flowgates, 1 00 M idwest ISO flowgates and 1 O ru le-based l im its 
(nomograms) were modeled with expl icit month ly l im its for th is ana lysis. 

Although flowgate l im its vary on an hourly basis, such variab i l ity is not practical to include in a 
market s imu lation model .  ICF  i n  consu ltat ion with the Steering Committee determined that 
inclus ion of month ly l im its in the model wou ld be adequate for th is analysis. For Day- 1 
model i ng ,  every flowgate l im it was reduced by a certai n  percentage (see Exh ib it 3-2 1 ) based on 
actual flowgate ut i l ization during level-3 and h igher TLR events. This assu mption is based on 
analysis performed by the M idwest ISO and documented i n  a memorandum d istributed to the 
study stakeholder g rou p .  The decision to ut i l ize a single flow gate l imit for every hour of the 

38 The natural location  factor o f  a ge neration u n i t  is a measure o f  its locational  advantage or  d isadvantage with respect t o  constra ints 
within the transm ission syste m .  It is represented by a matrix of the un it's shift factor on all transmission system elements with 
respect to a designated Reference location on the grid . Thus, all un its have their m atrix of shift factors . These shift factors change 
with a change i n  the Reference Location and/or a change i n  the g rid topology. 

39 N E RC defines certa i n  transm ission l i nes or paths through which power flow from power transactions a re calcu lated 
du ring system operation .  These are typica l ly  l ines or paths that could get congested and impact power transactions. 
These points are cal led flowgates. 
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month means that i n  some hours the actual flow gate l im it was greater than s imu lated whereas 
in other hours the actua l  flow gate l imit was less than s imu lated . The larger the gap between 
actual  and s imulated flow gate l imit the g reater the error i n  the s imu lation resu l t  for that hour 
relative to what actua l ly occu rred . Assuming more or less equal  d istr ibution of "over" and 
"under" hours, the average effect should not greatly impact the ana lytic resu lts . 

Treatment of O perati ng Reserves 

ICF modeled operating reserves based on the operat ing reserve requ i rement with i n  the M idwest 
ISO market . This M idwest ISO reserve requ i rement mandates a total of 3 ,655 Mvv4° of 
operat ing reserves for the M idwest ISO region . 

I n  the Day- 1 and No-ASM Cases the treatment of operat ing reserves was consistent with the 
actual  M idwest I SO's operation .  Operati ng reserves are largely decentra l ized and held loca l ly 
by the Balancing Authorit ies. Each Balancing  Authority is responsible for meet ing its share of 
the M idwest I SO operat ing reserve requ i rement. 

One of the benefits of Day-2 market operation is efficiency gains resu lt ing from a centra l ized 
provision of regu lation and operati ng reserves. The model ing of regu lation and operat ing 
reserves in the Day-2 Optimal  Case reflected a centra l ized regu lation and operat ing reserve 
market. Regu lation and operating reserves were held at the M idwest ISO leve l ,  and the most 
economica l  generation resources were committed and d ispatched to meet demand and requ i red 
regu lation and operat ing reserves on a reg ion-wide basis. Th.is approach determined the 
maximum theoretical benefits ach ievable from Day-2 operation of the M idwest market i nclud ing 
both energy and anci l lary services . 

The M idwest ISO,  however, d id not operate a centra l ized anci l lary services market i n  its 
imp lementation of Day-2 operation during the study period . Regu lation and operating reserves 
were sti l l  decentra l ized and held loca l ly by the Balancing Authorities simi lar  to Day-1 operation . 
The No-ASM Case was designed to eva luate the impact of th is variation i n  imp lementation on 
the overa l l  benefits of  the Day-2 operation .  Therefore ,  i n  the No-ASM Case the majority41 of 
regu lat ion and operat ing reserves were held loca l ly at the Balancing Authority leve l .  Th is 
approach determined the ach ievable benefits from the M idwest I SO's implementation of the 
Day-2 market. 

Treatme nt of Losses 

MAPS is capable of model ing the primary methodolog ies currently used in power markets to 
capture the effect of losses on the operat ion of the g rid , name ly average and marg ina l  losses . 
I n  its Day- 1 market, the M idwest ISO used average loss i mplementation . This framework 
assumes that losses are proportional to power produced , and losses are a l located to market 
participants based on a pro-rata share of total transmission losses. This treatment is consistent 
with the M idwest I SO's closest neighbors PJM42 and SPP .  In its Day-2 market, the M idwest ISO 
implemented marg ina l  losses , s imi lar to  the New York I SO and the New Eng land I SO.  U nder 
the marg ina l  loss approach , transactions are assessed charges for losses based on their 

4 0  See Chapter Three for a deta i led accounting of the components of this reserve assumption .  
41 Headroom reserves equa l  to  700 MW are assumed to be he ld  by the M idwest ISO in th is  case. 
42 Note that PJM i ntends to imp lement a marg ina l  loss reg ime in  June 2007.  
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i ncremental impact on system losses,  wh ich accounts for the locational  i mpact of i njections on 
system losses. 

The MAPS model treats losses un iformly system-wide .  S ince ICF modeled the enti re Eastern 
I nterconnect, the implementation of losses selected for a particu lar case appl ied system-wide. 
For example ,  if average losses were selected for the M idwest I SO Day- 1 , MAPS would assume 
average losses for the entire Eastern I nterconnect in  the model .  G iven th is l im itation and the 
fact that most of the Eastern I ntercon nect operates under average rather than marg i na l  losses, 
ICF chose to model average losses for the enti re system in  al l  cases s ince th is wou ld  i ntroduce 
the least b ias to the model resu lts . 

Methodology for Assessi n g  Day-2 Actual  Costs 

To calcu late the est imated benefits ach ieved by the M idwest ISO over the ten month study 
period , ICF uti l ized the actual hourly generation data provided by M idwest ISO from Day-2 
market operat ions to develop the Day-2 Actual  Case . Est imated production costs were 
computed from th is data by mu lt ip ly ing the actual generation i n  MWh by an estimated average 
cost per MWh for each generating u n it .  The resu lts of th is calcu lation were compared against 
model  derived production cost est imates for the Day- 1 , Day-2 Optimal , and No-ASM cases i n  
order to develop the est imated benefits ach ieved . The  key to  th is effort was calcu lating an  
estimated production cost for the actual  operation  that wou ld be  consistent with our  s imulated 
MAPS production cost estimates for the comparison cases. This consistency is ach ieved by 
estimating actual production cost us ing actual generation and model-based production costs. 
Any d ifference between actual offers and model-assumed production cost may i ntroduce error 
i nto the comparison of actual and hypothetical ach ievable benefits . Thus,  a lthough th is 
techn ique is requ i red to develop a mean ingfu l  comparison of production cost between the 
hypothetical and actual  cases , the resu lt ing inconsistency between the actual dispatch (based 
on actual offers) and hypothetica l d ispatch (based on assumed offers) i ntroduces a d ifficult to 
q uantify error in the est imated study result .  Estimat ing the size of this error is not with i n  the 
scope of th is ana lysis. 

Day-2 Actual  Approach 
The production costs savings for the Day-2 Optimal Case is defined as the total system 
production costs for the Day- 1 Case ($) less the tota l system production costs for the Day-2 
Opt imal Case . I n  th is ana lysis, the "tota l system" is defined as the US Eastern I nterconnect. We 
i nclude th is wide scope i n  our  model ing to account for a l l  market participant responses to the 
change in the M idwest I SO market structure .  That is ,  in our model ing framework both M idwest 
ISO market participants and non-M idwest ISO market participants may respond to the changes 
occurring i n  the M idwest ISO market structure i n  order to m in imize their operating costs. Th is 
adds to the scope of the ana lysis ,  but th is expansion is necessary .  

There are two broad production cost components that are considered i n  estimating the tota l 
system production costs . Namely ,  1 )  costs from loca l  generation and 2) costs from generation 
outside the M idwest ISO footprint .  I n  the Day- 1 , Day-2 Optimal , and No-ASM Cases both of 
these val ues are d i rect outputs of the ICF model ing exercise. 

In the Day-2 Actua l  Case , the comparison to Day- 1 system production costs is not d i rectly 
possible because we can on ly d i rectly measu re production costs with in  the M idwest ISO g iven 
the actual  hourly data ava i lab le for generation from un its with i n  the M idwest ISO market 
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footpri nt . For example ,  we do not have access to a consistent set of hourly generation , u n it cost 
and performance ,  and actual  fuel  cost data for faci l ities i n  PJM ,  SPP ,  or other regions.  

We d iscuss the approach used to estimate each of these two cost components for the Day-2 
Actual Case below. 

Costs from Local Generation 
Each loca l  generation un it has four  main sub-components of  costs associated with generation 
d ispatch . These costs are fue l ,  non-fue l  variable operating and maintenance costs (VOM) , NOx 
emission costs and S02 emission costs. The approach used to captu re costs for each sub­
component is described below. 

Fuel Cost: The cost of fue l  used by each local generator is calcu lated for every un it i n  the 
M idwest ISO for every hour by mu lt ip ly ing fue l  used (MMBtu) by the fuel price ($/MM Btu) . The 
fue l  used is calcu lated by mapping the un it 's actua l  hourly d ispatch in MWh to the estimated 
instantaneous heat rate of that un it based on the un it's output/heat rate cu rve used in the MAPS 
mode l .  See sample heat rate curve below.  
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Exhibit 2-3 : 
I l lustrative Heat Rate Curve of a Unit in the MAPS Model 
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The heat rate (Btu/kWh) ,  i n  conjunction with the hourly u n it output (MWh) , provides the quantity 
of fuel  used in M M Btu for that hour. This quantity is then mu ltip l ied by the monthly average fuel  
price ($/mmBtu) to calcu late a total fue l  cost for each un it i n  each hour. For example a CT with 
an instantaneous heat rate of 1 0 , 000 Btu/kWh at the 30 MW set point in a g iven hou r wi l l  rea l ize 
a fue l  cost of $ 1 ,800 per hour  as shown below: 

$6. 00/MMBtu * 1 0, 000 Btu/kWh I 1 000 * 30 MW = $ 1, 800/hr in fuel costs 

VOM Cost: Non-fuel VOM costs are calcu lated by mu lt ip ly ing the stakeholder-provided VOM 
costs ($/MWh) by total u n it output (MWh) .  For example a CT with a VOM of $4/MWh 
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generat ing 30 MW in  a g iven hour w i l l  real ize VOM cost of $ 1 20 per hour. See calculat ion 
below: 

$4. 00/MWh * 30 MW = $ 120/hr in VOM costs 

NOx Al lowance Costs : Emissions cost associated with the consumption of NOx a l lowances are 
calcu lated by mu lt ip ly ing the NOx output (tons) by the month ly average a l lowance price ($/ton) .  
The tota l NOx pol lutant output is derived from fuel used (MM Btu) by  the  un it and the  un it's 
emission rate ( lb/MM Btu) as provided by Stakeholders and confirmed with data from SNL  
F inancia l .  Note that NOx costs are calculated for S I P43 Cal l  affected u n its i n  summer months 
on ly .  For example ,  a CT with a 1 0 ,000 Btu/kWh heat rate, generating 30 MWs in a g iven hour 
with an  emission rate of 0 . 1  l bs/MM Btu w i l l  real ize a NOx emission costs of $45 per hour as 
shown below if we assume an a l lowance price of $3 , 000/ton : 

1 0, 000 Btu/kWh * 30, 000 k Wh I 1 Oe6 * 0. 1 lb/MM Btu I 2, 000 lb/ton * 3000$/ton = 
$45/hr 

Note that the S I P  Cal l  pol icy is a reg ional  emissions pol icy covering on ly a portion of the 
M idwest ISO footprint .  Exh ib it 2-4 below h igh l ig hts the state by state coverage of the S I P  Cal l  
program.  

Source: I C F  

4 3  State I m p lementation Plan.  

Exhibit 2-4 :  
NOX SIP Cal l  States 

D May 1 ,  2003 

May 3 1 , 2004 
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502 Al lowance Costs : Simi larly , S02 a l lowance costs are calcu lated by mu lt ip ly ing S02 output 
(tons) by the month ly average al lowance price ($/ton ) .  The S02 output is derived from fuel  used 
(M M Btu) by the un it and the un it 's emission rate ( lb/M M Btu) .  The emission rate is calcu lated 
from the pol lutant content of the fue l  bu rned ( lb/MM Btu) ,  and any appl icable em ission reductions 
(%) resu lt i ng from instal led S02 scrubbers - i . e .  from flue gas desu lfurizat ion equ ipment.  

For example ,  a conventional coal un it with a heat rate of 9 , 000 Btu/kWh generati ng 300 MWs in  
a g iven hour with an emission rate of 1 . 0 l bs/M MBtu wi l l  rea l ize the S02 emission costs below: 

9, 000 Btu/kWh * 300, 000 kWh I 1 0e6 * 1 . 0  lb!MMBtu I 2000 lb/ton * $700/ton = 
$945 

Non-M idwest 150 U n it Prod uction Costs 

To maintai n  consistency with the production cost framework of the mode l ,  we have assumed 
that the Non-Midwest ISO reg ion un it production costs are consistent with model  costs real ized 
in the Day-2 Optimal Case adjusted for any changes in Midwest ISO net i nterchange with 
neighbori ng reg ions on a monthly basis .  Total production costs for all generators outside of the 
M idwest ISO are comprised of hou rly production costs related to fuel ,  VOM ,  NOx and S02 
expenses. These costs are aggregated to a month ly tota l and adjusted to account for any 
d ifferences i n  net i nterchange i n  that month between s imu lated Day-2 Optimal model resu lts 
and actual  operat ions. For example ,  if net i nterchange resu lts ind icated fewer imports in the 
Day-2 Optimal case than actual operations ,  an import adder was added to ensure that 
product ion costs i n  the Day-2 Actual Case inc luded costs associated with the correct number of 
megawatt hours .  I n  th is example the import adder would be the prod uct of the change i n  
imports (MWh) t imes the average production costs rea l ized outside of  the  M idwest ISO footprint 
for that month i n  the Day-2 Optimal Case . We bel ieve that th is is an appropriate treatment on 
external p roduction costs and note that the " import adder" accounts for less that 0 . 08 percent of 
the Day-2 Actual production cost est imate over the ten month period . 

Note that generation from hydroelectric faci l it ies, wind faci l it ies and from Canad ian imports were 
not i ncl uded for production cost pu rposes as these un its are set to match h istorica l generating 
patterns and do not vary their  operation across cases considered . I n  other words,  the Day- 1 , 
Day-2 Optimal ,  No-AS M ,  and Day-2 Actual Cases a l l  inc lude the same generation pattern for 
these u n its on an  hourly basis .  

Stakeholder Partic i pation Process 

This study was driven by an open and i nteractive Stakeholder process designed to ensure the 
accurate representation of the M idwest ISO system and to benefit from the feedback of a l l  
Stakeholders. A Project Steering Committee compris ing key M idwest ISO personne l  provided 
gu idance and admin istrat ion in provid ing  ICF  with the re levant data and coord inating the 
gatheri ng of Stakeholder data . This ensured an efficient process of data transfer and data 
verification .  

Although the scope of the study was developed a n d  approved by the Midwest I S O ,  i t  was done 
i n  consu ltation with other Stakeholders ,  incl ud ing mun icipal uti l it ies , cooperative uti l i t ies, and 
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