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i ndependent power producers active in the M idwest I SO market. The fol lowing outl i ne  detai ls 
the steps taken by ICF to ensu re Stakeholder part icipation :  

• Establ ishi ng an open channel  of communication - ICF  created a secu re 
website to reg ister a l l  Stakeholders (see Exhibit 2-5) .  This electron ic format has 
proven to be extremely efficient in commun icati ng any updates and changes to a 
large g roup of participants . It a lso served as an open foru m  for each Stakeholder 
to address concerns or  make correct ions as wel l  as a central d rop off point for 
up load ing and down load ing documents. There were a total of 94 reg istered 
participants from 56 organ izat ions rang ing from uti l ities to independent power 
producers to loca l uti l ity commissions .  This website is in addit ion to trad itiona l  
channels of  commun icat ion such as conference cal ls ,  emai ls ,  written 
commun ication ,  etc . 

Exhibit 2-5 :  
Stakeholder Information Website 
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• Sharing information - I n  order to ensure that a l l  Stakeholders were aware of 
the parameters of the study ,  ICF d istr ibuted a 200 page document deta i l i ng  the 
proposed assumptions and methodology. The website was used as the centra l  
d istribut ion point .  

• Ens u ring a n  i nclusive and i nteractive process - After a l l  the Stakeholders 
received the methodology and assumptions document, ICF opened a review and 
comment period . Stakeholders submitted comments or  questions on the 
estab l ished website to assure thei r  concerns and comments were visib le to al l  
part ies. In a l l ,  91 comments were received and ICF repl ied to a l l  of them either 
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clarifying certa in  points or, where appropriate, making model adjustments. The 
website was used as the central d istribution point for ICF responses. 

• Face-to-face Meetings - ICF  held a Stakeholder meeting in late February 2006 . 
ICF and the M idwest ISO used this venue to introduce stakeholders to the study 
scope, goals, and the genera l  study approach . 

• Verifying Data - ICF in itia l ly received much of the model i nput data d i rectly from 
the M idwest ISO.  However, to verify th is data , ICF entered i nto confidential ity 
ag reements with ind ividua l  Stakeholders, who then reviewed and commented 
upon generation resource thermal and cost data used for model ing .  This 
ensu red that the resu lts of our  analysis reflect as accurately as possible the 
actua l  condit ion of the Midwest I SO market during the study period . In a l l ,  
Stakeholders accounting for 80 percent o f  installed capacity reviewed detai led 
assumptions data for their faci l it ies. Data items reviewed included :  

o Plant Name and Un it N u mber 
o Ownersh ip  share 
o Balancing Authority Name 
o CPNode Name 
o I nterconnection Node Name 
o Onl ine Date 
o Reti rement Date 
o Un it Type/Prime Mover 
o Maximum Summer/Winter Capacity (MW) 
o Primary/Secondary Fue l  
o 2004/2005/2006 Average Fuel  Cost($/M M btu) 
o Min imum Runt ime/Downtime (Hrs) 
o Ramp U p/Down Rate (MW/hr) 
o Average Fu l l  Load Heat Rate (Btu/Kwh)  
o Variable O&M ($/MWh) 
o Start Up  Cost ($000) 
o Must run status 

Th rough th is iterative and open process, ICF was able to assure a h igh degree of model i nput 
data accuracy, enhancing the model representation and hence the evaluation of the theoretical 
maximum ,  ach ievab le ,  and actual ach ieved benefits available to Midwest ISO market 
participants as a resu lt of the M idwest ISO Day-2 market . 
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CHAPTER THREE:  
OVERVIEW OF rv,ODELI NG ASSUMPTIONS 

Chapter Th ree presents an overview of the model ing assumptions used by ICF i n  th is analysis. 
Th is chapter is broad ly broken i nto three parts ( 1 ) Supply Side Assumptions (2) Demand 
Assumptions and (3) Transmission Assumptions.  Th is study was driven by a mu lti-faceted and 
i nteractive Stakeholder process designed to ensure the accu rate representation of the M idwest 
ISO system and to benefit from the feedback of a l l  Stakeholders .  The M idwest I SO and its 
stakeholders provided the majority of the study assumptions.  The table below l ists the major 
data elements and their  sou rces . 

Exhibit 3-1 : 
Data and Source for Model i n  

Unit  heat rates 

U n it primary fuel 

Un it secondary fuel 

Un it ramp rates 

U nit NOx emission rates 

Un it interconnection nodes 

Must-run requirements 

Hourly unit d ispatch (2004 ,2005 and 2006) 

Zonal Defin it ions 

Hourly Demand by Zone (2004, 2005 and 2006) 

M idwest ISO internal and external interfaces and 
flowgates 

Tariff deta i l ;  fi rm and non-fi rm 2004 

Hourly Imports from Canada 

Power flow cases 

Spinn ing reserve requ i rements 

Fuel  prices 

Midwest ISO Members 

Emissions costs 

Stakeholders/Midwest ISO 

Stakeholders/Midwest ISO 

Stakeholders/Midwest ISO 

Stakeholders/M idwest ISO 

Stakeholders/Midwest I SO/ICF 

Stakeholders/M idwest ISO 

Stakeholders/Midwest ISO 

Midwest ISO 

Midwest ISO 

Midwest ISO 

Midwest ISO 

Midwest ISO 

Midwest ISO 

Midwest ISO 

Midwest ISO 

ICF; based on historical data 

Midwest ISO 

ICF ; based on h istorical data 

For a l l  cases ana lyzed , the M idwest ISO was modeled as an i ntegrated system with in  the larger 
Eastern I nterconnect . ICF assumptions were used for the rest of the eastern interconnect 
wherever h istorica l data was not avai lab le .  Exhibit 3-2 compares the geograph ic re l iab i l ity and 
market footprints for the M idwest ISO whi le Exh ib it  3-3 shows a schematic representat ion of the 
Balancing Authorities i n  these footprints. For this analysis, ICF  focused on the 26 Balancing 
Authorit ies with in  the M idwest ISO market footprint . These 2644 Balancing Authorities were 
modeled as separate markets in Day- 1 for the purpose of u n it commitment and operating 
reserves. In the Day-2 Optimal Case s imu lation ,  un it commitment and operati ng reserves was 
performed on a M idwest ISO-wide basis .  

4 4  D EVI and C IN  are aggregated in th is  analysis 

Cross Exam i nation - NoCapX & CETF - M u lt ip le Witnesses 
Page 50 49 

945



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

Appendix M Comments and Responses
FEIS ID #239

Exhibit 3-2 : 
The Midwest ISO Rel iabi l ity and Market Footprints 

Rel iabi l ity Footprint Market Footprint 

..... ' -- ,_ 

Source: M idwest ISO 

Exhibit 3-3 : 
The Midwest ISO Balancing Authorities in  the Rel iabi l ity and Market Footprints 

.. - ... / CIN ' 
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t;,:e 1. Sys'-"tns 1Jnder Midwe" Re!•,>l>;,et; >\uthmtv IYJt ,,,,i o'lder ihe Ener!ll' Marliel• art ,,rr,."" a:; unee;:ineo. 
Not� 2: MDU a pseudo Balancing l>.uhlority undei Midwest ISO .  
Note 3: IT C  and METC are lrea'.ed as  separate Balancing Autllorities fur th e  Ene rgv  Marliels. 

Source : Midwest ISO Busi ness Practices Manual  for Coord inated Rel iabi l ity, Dispatch , & Contro l ,  Manual N o .  006, 2005.  
See Demand Section below for acronym defin itions .  Note that GridAmerica and ATC are no longer operational  but the 
Balancing Autho rities pictured are val id up to the end of the study period i n  March 2006. Since then, DEVI and LGEE are 
no longer operational  (as of 6/2006 and 9/2006 , respectively) and S M P  has joined the market footprint (as of 4/2006) . 
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S u pply-S ide Assum ptions 

Th is  section focuses on the key supply-side assu mptions underly ing the analysis. These 
i nclude the fol lowing 5 broad categories: 

• Exist ing Capacity;  

• New Bu i lds ;  

• Fuel  Prices (natura l  gas, coa l ,  o i l ) ;  

• Environmental Compl iance and Al lowance Prices; and 

• Exist ing U n it Characteristics (Heat Rates, VOM ,  Ramp-up rates etc) 

Existing Capacity 
The M idwest ISO capacity mix is dominated by base load generation in the form of coal and 
n uclear plants as shown in  Exh ibit 3-4 . These un its together comprise 62 percent of the M idwest 
ISO supply mix. When compared to other areas of the US the M idwest ISO is characterized as 
having relatively more baseload generation and l itt le in the way of i ntermed iate generation 
resources such as combined cycle .  In the study period , we see that combined cycle un its 
comprise on ly 9 percent of the capacity mix whi le un its trad itional ly used for peak periods such as 
oi l/gas steam and combustion turb ine capacity accounted for a total of 24 percent of the mix. 
Thus, whi le the M idwest ISO is characterized as heavily baseload , during peak periods the area 
rel ies extensively on gas-fi red peaking units with h igher marg inal  costs . 

Exhibit 3-4: 
The Midwest ISO Capacity Mix, J une 2005 through March 2006 

CT 2 1 %  -

Coal 55%-' 

Total Installed 1 38 Gw45 

Source : Midwest ISO 

45 Midwest ISO tota l i nsta l led capacity by capacity type as of March 2006. 
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New Bui lds 
From April 2004 to March 2006,  a total of approximately 6 .4 GW of new capacity came on-l ine 
with i n  the M idwest ISO footprint .  As noted earl ier, the M idwest ISO has been increasing its 
rel iance on natural  gas-fired generation in recent years. This is evidenced by the fact that 
approximately 80 percent of the new capacity that came on l ine during the study period was gas
fi red , and virtual ly none was coal-fi red . I ndeed , in one case (Port Washington) ,  the new gas plant 
was effectively replacing an older coal-fi red powerplant. 

Exhibit 3-5: 
Midwest ISO Mix 

Un it Name 
Balancing 

Un it Type Onl ine Date Capacity (MW) 
Authority 

Emery Generating Station ALTW Combined Cycle 5/1 8/2004 

Riverside Energy Center ALTE Combined Cycle 6/1 /2004 

Trimble County LGEE Combustion Turbine 6/25/2004 

West Campus Cogeneration 
MGE Combined Cycle 412612005 

Faci l ity 

Angus Anson 3 NSP Combustion Turbine 6/1 /2005 

Blue Lake 6 & 7 NSP Combustion Turbine 6/1 /2005 

Sheboygan Fal ls ALTE Combustion Turb ine 61212005 

Fox Energy Center 
WPS Combined Cycle 61612005 

(Kaukauna) 

Ven ice (AUEP) AMRN Combustion Turbine 6/1 0/2005 

Port Washington WEC Combined Cycle 7/1 6/2005 

Northome Wood Plant MP Other 8/1 /2005 

But ler Ridge WEC Renewable 1 0/1 /2005 

Crescent Ridge IP Renewable 1 0/1 /2005 

Green Field Wind Farm WEC Renewable 1 0/1 /2005 

Kaukauna (WPPI )  WEC Combustion Turbine 1 0/ 1 /2005 

Arrowsm ith 267 AMRN Renewable 1 2/1 /2005 

Faribault Energy Park NSP Combined Cycle 1 2/1 /2005 

Top Of Iowa Wind Farm I I  ALTW Renewable 1 2/1 /2005 

B lue Sky Wind Farm WEC Renewable 1 2/3 1 /2005 

Tremont Wind GRE Renewable 1 2/3 1 /2005 

Walworth County Wind 
MDU Renewable 1 2/3 1 /2005 

Easement 

Fenton Wind Power Project NSP Renewable 1 /1 /2006 

Fremont Energy Center FE  Combined Cycle 1 / 1  /2006 

Manitowoc WPS Steam Turbine 3/3 1 /2006 

Combined Cycle 

Combustion Turbine 

Other 

Renewable 

Steam Turbine 

Tota l Capacity Add itions (MW) 

Source:  M idwest ISO 
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Existing Un it Cost and Performance Characteristics 
Exist ing un it cost and performance data was provided by the M idwest I SO and confirmed by 
Stakeholders during the data review process. Stakeholder comments were provided on a 
confidential basis and are therefore not included in  this report. Note that ICF compared a l l  
Stakeholder data submissions to ICF standard assumptions, M idwest ISO data , and publ icly 
avai lable data when possible. Any inconsistencies were d iscussed with appropriate parties and 
resolved on a case-by-case basis .  For example,  generator capacity was reviewed in  deta i l  i n  
comparison to historical b id  and offer data . Some adjustments to Stakeholder data were made to 
reflect capacity actual ly avai lable for d ispatch during the study horizon .  Appropriate care was 
taken to ensure that the effect of reserves was not double counted in this exercise . 

U nit Outages and Derates 
ICF  has expl icitly modeled a l l  un it outages and derates reported to the M idwest ISO during the 
study period . This data was provided by the M idwest ISO. Outages and derates were 
incorporated in the model  on a da i ly basis for every generator with i n  the M idwest ISO footprint, 
therefore any un it that experienced p lanned or unplanned outage extending at least one fu l l  day 
du ring the study period was made unavai lab le for the exact same duration during which it 
experienced an outage .  This was done by assign ing a start/stop date when the un it was 
unavai lab le .  In  the event that there was no derate reported to the M idwest ISO but h istorical 
generation records ind icate that a un it was avai lable at less than 1 00 percent for an extended 
period of t ime, ICF inferred derate where appropriate. These inferred derates were appl icable 
to on ly a few u n its and d id not sign ificantly affect study resu lts . The decision to uti l ize a da i ly 
average outage rate for every hour of the day means that i n  some hours the actual  generating 
capacity was greater than s imulated whereas in other hours the actua l  generating capacity was 
less than s imulated . The larger the gap between actual and s imu lated generating capacity the 
g reater the error in  the s imu lation resu lt for that hour re lative to what actua l ly occurred . 
Assuming more or less equa l  d istribution of "over" and "under" hours ,  the average effect should 
not greatly impact the ana lytic resu lts .  

Natural Gas 
A majority of the existi ng generation capacity with in  the M idwest ISO consists of low cost 
nuclear and coal un its . As noted previously,  natu ra l  gas has p layed an i ncreasing ly important 
ro le in the system as demand g rowth i ncreases ut i l ization of existing gas assets and a lmost a l l  
new capacity constructed i n  the  past decade has  been gas-fired . Combined cycles and 
combustion turb ines,  both of which rely on natura l  gas, accou nted for over 80 percent of the 
new add itions from Apri l 2004 to March 2006; most of the remainder were intermittent 
renewable capacity . I t  is important to note that since mid-2002 natural  gas prices have steadi ly 
i ncreased and by late 2005 , prices reached record levels .  I n  2005,  the August - December 
average natu ra l  gas prices at Henry Hub reached close to $1 2/M M Btu with supp l ies curta i led as 
a resu lt of Hu rricane Katri na .  Annua l  natu ra l  gas prices at Henry Hub  averaged $8.89/MM Btu 
(2007$) in 2005, i . e . , 33 percent h igher than previous year levels .  I n  2006, natura l  gas prices 
averaged $6. 80/MMtu (2007$) , nearly 24 percent below 2005 average levels .  Whi le  2005 may 
have been a record year for h igh  power and natura l  gas prices , the 2006 trend contin ued to 
show strong prices in both the fuel  and power markets post-Katrina .  This is evident in Exh ibit 3-
6 which shows, the gas prices from a representative pricing point for gas del ivered to the 
M idwestern US, specifica l ly the Ch icago City Gate Pricing Point .  Note that increased volati l ity in  
fuel  markets was experienced during the later half of  2005 . Between Ju ly and December 2005, 
the average month ly natu ra l  gas price increased by 69 percent on a nominal basis. This 
monthly average bel ies even g reater volati l ity on a dai ly basis .  
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Exhibit 3-6 : 
Natural Gas Prices for the Ch ica o Cit Gate Pricin Point Nominal$/MMBtu 
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6 .  00 
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0 . 00 

Source: Gas Dai ly 

ICF developed natu ra l  gas price assumptions us ing h istorical del ivered gas prices for the study 
period . ICF col lected actual  del ivered gas prices for the various gas pricing points i n  the 
Eastern I nterconnect. Every prici ng point was mapped to ICF's gas supply reg ions.  ICF used 
the monthly volu me weighted average to ca lcu late average month ly del ivered gas price for 
every supply reg ion .  Each generator i n  the model is then mapped to a specific h istorica l  price 
stream based on geog raphic location and the p ipel ine network. Exh i bit 3-7 shows the average 
monthly del ivered natura l  gas prices uti l ized in th is analysis . 
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Exhib it 3-7 : 
Natural Gas Prices - 2004 March 2006 

Jan-04 6 .34 7 . 9 1  6 . 0 1  6 . 1 1 6 .09 6 .00 

Feb-04 5 .64 5 .92 5 .48 5 .39 5 .40 5 .24 

Mar-04 5 .6 1  5 .67 5 .58 5 .42 5 .43 5 . 1 1 

Apr-04 5 . 98 6 .03 5 . 96 5 .72 5 . 73 5 . 36 

May-04 6 . 55 6 .65 6 . 5 1  6 .3 1  6 . 32 5 .92 

Jun-04 6 . 56 6 . 59 6 .4 1  6 .20 6 .22 5 . 85 

Ju l-04 6 . 1 6  6 . 1 6  6 . 1 5  5 .69 5 . 87 5 .68 

Aug-04 5 .68 5 .62 5 .65 5 .38 5 .44 5 .26 

Sep-04 5 . 35 5 . 1 9  5 . 1 6  5 . 00 4 . 95 4 .60 

Oct-04 6 . 50 6 . 1 9  6 .33 6 .2 1  6 .05  5 .50 

Nov-04 6 .44 6 .3 1  6 .29  6 . 1 2  6 . 1 2  5 . 95 

Dec-04 6 . 89 7 . 08 6 .64 6 .58 6 .64 6 .43 

Jan-05 6 .24 7 . 02 6 .24 6 . 1 6  6 . 1 6  5 .96 

Feb-05 6 . 36 6 .50 6 .29 6. 1 2  6 . 1 3  5 .85 

Mar-05 7 . 1 8 7 . 34 7 . 1 5  6 .98 7 . 0 1  6 .64 

Apr-05 7 .57 7 . 5 1  7 .4 1  7 . 06 7 . 09 6 .88 

May-05 6 . 78 6 . 72 6 .64 6 .44 6 .45 6 .04 

Jun-05 7 .44 7 .50 7 .27 7 . 1 1 7 . 1 1 6 .56 

Ju l-05 7 . 83 8 . 07 7 .58 7 .42 7 .43 7 . 1 0  

Aug-05 9 .73 1 0 .22 9 . 34 9 . 1 2  9 . 1 4  8 .63 

Sep-05 1 1 .20 1 1 .73 1 0 .40 1 1 .03 1 1 . 09 9 .04 

Oct-05 1 4 . 1 5  1 4 . 2 1  1 3 . 07 1 2 . 1 5  1 2 . 1 5 1 1 . 1 0  

Nov-05 1 0 .50 1 0 .29 9 .40 8 .85 8 . 93 8 .2 1  

Dec-05 1 3 .23 1 3 .70 1 2 .47 1 2 . 57 1 2 .53 1 1 . 82 

Jan-06 9 . 03 9 . 50 7 .25 8 .43 8 .46 7 .89 

Feb-06 7 . 94 8 .28 7 .67 7.40 7 .43 7 .26 

Mar-06 7 . 30 7 . 37 6 .78 6 .36 6 .45 6 . 1 5  

Average� by Year 

2004 6 . 1 3  6 .27 6 .0 1  5 .83 5 . 85 5 .57 

2005 9 . 03 9 .25 8 .62 8 .43 8 .44 7 .83 

2006 8 . 09 8 .38 7 .23 7 .40 7 .45 7 . 1 0  

Sou rce: Gas Dai ly ,  ICF 
1 ECAR: Actual del ivered gas price as reported for Co lumbia Gas Pricing Point .  ECAR includes Cinergy & F i rst 
E nergy .  
2 ECAR-KY; Actual de l ivered gas price as reported for Transco Pricing Point ECAR-KY includes Balancing Authorities 
in the state of Kentucky 
3 ECAR-MECS ; Actua l  del ivered gas price as reported for Michigan City Gate Prici ng Point. ECAR- MECS reg ion 
i ncludes Detro it Edison and Consumers Energy 
4 MAI N- ILMO:  Actual del ivered gas price as reported for Ch icago City Gate Pricing Point. MAI N- ILMO incl udes 
Balancing Authorities i n  I l l i no is & Missouri .  

5 MAIN-WU M S :  Actual  del ivered gas price a s  reported for Al l iance ,  I nto I nterstates Pricing Poi nt. MAI N-WUMS 
incl udes Wisconsin & Upper Michigan .  

6 MAPP:  Actua l  de l ivered gas  price as reported for Northern Ventu ra Pricing Point .  MAPP i ncludes Balancing 
Authorities in  the re l iab i l ity reg ion  of MAPP .  
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Oi l  Prices 
ICF  used h istorical del ivered oil prices du ring the study period for this analysis .  The del ivered 
o i l  price is a sum of the actual WTI month ly crude price from Bloomberg and estimated 
transportation d ifferentials developed by ICF .  O i l  prices , most noticeab ly d ist i l late o i l  prices, 
a lso i ncreased sign ificantly during the last quarter of 2005, though not as dramatica l ly as natura l  
gas .  Exhibit 3-8 g raphs the average month ly del ivered d isti l late and 1 percent residua l  o i l  prices 
for the MAI N sub-reg ion with in  the M idwest ISO.  Exh ib it 3-1 0 shows the average month ly prices 
of del ivered o i l  to the ECAR, MAI N and MAPP sub-reg ions.  

Exhibit 3-8 : 
Disti l late and 1 %  Residual Prices for the MAIN Re ion Nominal$/MM8tu 
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Source: Bloomberg ;  ICF 
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Exhib it 3-9 : 
Del ivered Oi l  Prices (Nominal$/MMBtu) 

ECAR MAIN MAPP 
Month-Year 

Disti l late 1 %  Residual  Disti l late 1 %  Residual  D isti l late 1 %  Residual  

Jan-04 7 .2  4 .5  7 .2  4 .5  7 .2  4 .5  

Feb-04 6 .9  4 . 3  6 .9  4 . 3  6 . 9  4 .3  

Mar-04 7 .2  4 .2  7 .2  4 .2  7 .2  4 .3  

Apr-04 7 .2  4 .6  7 .2  4 .6  7 .2  4 .6  

May-04 7 .7  5 . 1 7 .7  5 . 1 7 . 7  5 . 1  

Jun-04 7 .5  4 .9  7 . 5  4 . 9  7 .5  4 .9  

Ju l-04 8 .2  4 .6  8 .2  4 .6  8 .2  4 .6 

Aug-04 8 . 9  4 .5  8 . 9  4 .5  8 .9  4 .6  

Sep-04 9 .7  4 .6  9 .7  4 .6  9 .7  4 .6  

Oct-04 1 1 . 0 5 .4 1 1 . 0 5 .4  1 1 . 0 5 .4  

N ov-04 1 0 . 0  4 . 5  1 0 . 0  4 . 5  1 0 . 0  4 . 5  

Dec-04 9 . 0  4 .0  9 . 0  4 . 0  9 .0  4 . 0  

Jan-05 9.6 4.6 9 .6  4 .6  9 .6  4 .6  

Feb-05 9 .9  4 .9  9 . 9  4 . 9  9 . 9  4 . 9  

Mar-05 1 1 .4 5 .6  1 1 .4 5 .6  1 1 .4 5 .6  

Apr-05 1 1 .6 6 .3  1 1 .6 6 . 3  1 1 .6 6 . 3  

May-05 1 0 . 9  6 .4  1 0 . 9  6 . 4  1 0 . 9  6 .4  

Jun-05 1 2 .2  6 . 8  1 2 .2  6 .8  1 2 .2  6 .8 

Ju l-05 1 2 .2  7 . 3  1 2 .2  7 .3  1 2 .2  7 .3  

Aug-05 1 3 . 5  8 . 0  1 3 . 5  8 . 0  1 3 .6 8 . 0  

Sep-05 1 6 . 0  8 . 5  1 6 . 0  8 . 5  1 6 .0  8 .5  

Oct-05 1 6 .4 8 .4  1 6 .4 8 .4 1 6 .4 8.4 

Nov-05 1 2 .4 7 .7  1 2 .4 7 .7  1 2 .4 7 .7 

Dec-05 1 2 .7  8 .2  1 2 . 7  8 .2  1 2 .7  8 .2  

Jan-06 1 3 .2 8 .0 1 3 .2  8 .0  1 3 .2  8 .0  

Feb-06 1 3 . 1  8 . 1  1 3 . 1  8 . 1 1 3 . 1  8 . 1  

Mar-06 1 3 . 8  7 . 8  1 3 . 8  7 . 8  1 3 .9  7 .8  

Averages by  Year 

2004 8 .38  4 .60 8 .38 4 .60 8 .38 4 .62 

2005 1 2 .40 6 . 89 1 2 .40 6 . 89 1 2 .41  6 . 89 

2006 1 3 .37 7 . 97 1 3 .37 7 . 97 1 3 .40 7 . 97 

Source: Bloomberg , ICF 

Coal Prices 
Coal u n its make up approximately 55 percent of the M idwest I SO capacity mix and more than 
82 percent of the generation mix during the 2004 cal ibration period . Th us, the preva i l i ng prices 
of coa l  are an important component of the analysis. I n  order to develop a consistent coal cost 
dataset ICF  used del ivered coa l  prices reported by S N L  F inancial (SNL) because the company 
has a comprehensive database of power p lants with consistent data for the study t ime period 
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from June 2005 to March 2006 . S N L  bases th is data upon reported coa l  prices for regu lated 
faci l it ies. Because un regu lated coa l  plants are not requ i red to report h istorica l costs , S N L  
develops estimated fue l  costs for these faci l it ies based o n  fue l  costs reported b y  s imi lar 
regu lated p lants. SNL calcu lates the weighted average price from reported prices for each state 
and each fuel  type and appl ies th is to un regu lated p lants . ICF rece ived a l ist of coal plants with 
accompanying data from SNL  and matched the M idwest ISO coal p lants to that l ist .  S N L  
provided the fol lowing i nformation :  

• Name of coa l  p lant ;  

• Fuel contract cou nter party ; 

• Fuel contract type (spot or contract) ; 

• Amount of coa l  received for each contract ( 1 , 000 of tons) ; 

• Del ivered coa l  price (nomina l$/MM Btu) ;  and 

• Sulfu r content of coal for each contract .  

ICF orig ina l ly i ntended to  use spot price as  the  best estimate of  the  replacement cost of  coa l  
prices during t he  study period . Unfortunately , due to  t he  long-term contracts that dominate the 
coa l  industry, less than 40 percent of the reported prices were spot prices. Wh i le  it may have 
been feasible to extrapolate the spot prices to cover a l l  data points, avai lable spot prices tend to 
cluster around a handfu l of coa l  plants .  For most of the ten months, spot price data were 
ava i lable for less than 50 un ique plants out of the more than 1 40 coal faci l ities i n  the M idwest 
ISO footprint . Because coverage was low,  there was i nsufficient data to extrapolate a 
contract/spot re lationsh ip .  Therefore ,  ICF used the total de l ivered price which is a weighted 
average of both spot and contract prices for each faci l ity . The decision to uti l ize a weighted 
average coal price for every hour of the month means that in some hours the actual  coal price 
was g reater than s imu lated whereas in other hou rs the actual coal price was less than 
s imu lated . The larger the gap between actual and s imu lated coa l  price the g reater the error in 
the s imu lation resu lt for that hour relative to what actua l ly occurred . Assuming more or  less 
equa l  d istribut ion of "over" and "under" hours,  the average effect should not greatly i mpact the 
analytic resu lts . 

Exh i bit 3- 1 0 below shows a sample of representative coal plants and associated prices per 
month . 
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Exhibit 3-1 0 :  
Representative Del ivered Coal Prices (Nominal$/MMBtu) 

Balancin 2005 2006 
g Plant 

Name Authorit Jun Ju l  Aug Sep Oct Nov Dec Jan Feb Mar Average 

Avon Lake FE 1 .48 1 . 50 1 . 50 1 . 5 1  1 . 54 1 .44 1 .60 1 .65 1 . 68 1 .74 1 . 56 

Clay 
Boswel l 1 

MP 1 .03 1 .00 1 . 00 1 . 00 1 . 02 1 . 04 1 . 04 1 . 02 1 . 02 1 . 02 1 . 02 

Coal 
GRE 1 .04 0 .79 0 .85 0 .87 0 .89 0 .83 0 .71  0 . 86 0 . 80 0 . 87 0 .85 

Creek1 

Edgewater1 ALTE 1 .26 1 . 1 7  1 .23 1 .23 1 . 35 1 . 37 1 .4 1  1 .4 1  1 .60 1 . 52 1 . 35 

Coffeen1 AMRN 1 . 1 1  1 .09 1 . 1 7  1 . 1 5  1 . 1 5  1 . 1 3  1 . 1 8  1 .24 1 .27 1 .34 1 . 1 8  

Ghent LGEE 1 .68 1 .67 1 .65 1 .77 1 .79 1 .79 1 . 8 1  1 . 85 1 .90 2 . 1 2  1 . 80 

Harding 
IPL  1 .45 1 .45 1 .45 1 .46 1 .56 1 . 58 1 . 58 1 .43 1 .46 1 .42 1 .48 

Street 

RM .  
N I PS 1 .49 1 . 59 1 . 56 1 .48 1 . 5 1  1 . 53 1 . 51  1 .76 1 . 73 1 . 72 1 . 59 

Schahfer 

Sherburne 
NSP 1 .04 1 . 00 1 . 03 1 . 00 1 . 03 1 . 02 1 . 06 1 . 1 2  1 . 1 3  1 . 1 4  1 . 06 

County1 

Walter C 
C I N  1 . 87 1 .98 1 . 96 1 . 96 2 . 1 5 2 .29 2 .33 2 . 3 1  2 .25 2 . 1 6  2 . 1 3  

Beckjord 

1 Plant d id  not have any spot contracts d u ri ng  the study horizon .  

Envi ronmenta l  Compl iance Costs 
As mentioned above, su lfur content for each coal contract was provided by SNL  Financia l .  ICF  
developed a weighted average S02 content for each faci l ity for each month for use in the model .  
Where appropriate, th is fuel content was reduced to reflect instal led scrubbers .  Stakeholder and 
ICF data was used to develop a simi lar estimate of NOx emission rates for a l l  SIP Cal l  affected 
faci l ities. These emission rates ( lb/mmBtu) were then mu lt ipl ied by the prevai l ing S02 and NOx 
emission a l lowance prices ($/ton) to develop an hou rly emission cost. Exh ibit 3- 1 1  below detai ls 
the monthly S02 and NOx prices uti l ized in  this analysis. 
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Exhibit 3-1 1 : 
Title IV 502 Allowance Prices and NOX SIP Cal l  Prices 

Jan-04 248 2 ,61 1 

Feb-04 267 2 ,325 

Mar-04 274 2 , 1 49 

Apr-04 279 2 ,0 1 7 

May-04 333 2 , 1 96 

Jun-04 394 2 ,276 

Ju l-04 541 2 ,452 

Aug-04 482 2 ,236 

Sep-04 487 2, 1 0 1 

Oct-04 568 2 , 1 59 

Nov-04 678 2 ,297 

Dec-04 706 2 ,233 

Jan-05 700 3 ,570 

Feb-05 654 3,428 

Mar-05 688 3 ,4 1 4 

Apr-05 841 3 , 330 

May-05 805 2 ,940 

Jun-05 758 2 ,401  

Ju l-05 8 1 2  2 ,287 

Aug-05 858 2 , 598 

Sep-05 885 2 ,485 

Oct-05 968 2 ,647 

Nov-05 1 , 3 1 9 2 ,475 

Dec-05 1 , 587 1 ,950 

Jan-06 1 , 503 2 ,722 

Feb-06 998 2 ,577 

Mar-06 9 1 0  2 ,459 

Averages By Year 

2004 438 2, 254 
2005 906 2, 794 
2006 1, 137 2, 586 

Source : Air Daily 

Must-Take Contracts and Rel iabi l ity Must-Run  (RMR) U nits 
As noted i n  the Approach section ,  a l l  economic contracts are assumed to be imp l icitly modeled . 
However, non-economic contracts such as those with must-take characteristics have to be pre
specified (forced) into the mode l .  After deta i led d iscussions with Stakeholders ,  no must-take 
contracts were modeled . Severa l  faci l it ies are considered "must-ru n" due to voltage and system 
support issues. These assumptions were provided by Stakeholders and are shown in Exhibit 3-
1 2  below. 
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Exhi bit 3-1 2 :  
M ust Run  Assumptions 

Item # Company U n it RMR Capacity (MW) Comments 

GenSys - J P  Madgett 390 MW coal All 3 need to be runn ing at m in  
Dairyland Genoa 3 (G3) 365 MW coal load or h igher in summer and 

1 
winter. Must run except for Apr, 

May, Sept. and Oct. Only one unit 
Al l iant Lansing 4 30 MW Coal (of 3) can go down during these 4 

months 

2 Cinergy Beckjord 1 94 MW Coal 
Annual - One unit on at al l  times 
to support the 1 38 kV system . 

Cinergy Beckjord 2 94 MW Coal 

3 
Cinergy Beckjord 3 1 28 MW Coal Annual ;  One of the five un its must 

Cinergy Beckjord 4 1 50 MW Coal be on l ine at al l t imes 

Cinergy Beckjord 5 238 MW Coal 

4 WE Energies Val ley Coal 1 34 MW Coal 
Annual with some variance in 

seasonal capacities 

All iant 6th Street- 3 2 MW Coal 

All iant 6th Street- 4 1 6  MW Coal Annual ; One or more un its must 
5 

Al l iant 6th Street- 7 1 6  MW Coal be operating at al l  t imes 

Al l iant 6th Street- 8 3 1  MW Coal 

6 CMS Mid land Cogen 400 MW Annual 

Hutsonvi l le 3 3 1  MW Coal Must run at m in imum load in  al l 
7 

Hutsonvi l le  3 32 MW Coal peak hours 

Edwards 1 43 MW Coal 

8 Edwards 2 1 1 0  MW Coal 
One unit must be operating at 

min imum load in al l hours 

Ameren 
Edwards 3 1 47 MW Coal 

Mexico 66 MW CT One unit  must be operat ing at 
9 Morberly 66 MW CT min imum load if demand in  

Morneau 66 MW CT Jefferson City exceeds 200 MW 

1 0  Vermi l l ion Coal  and CT 
One unit must be operat ing an 
min imum load in a l l  peak hours 

1 1  
Cayuga 1 300 MW Coal One unit must be operat ing at 
Cayuga 2 300 MW Coal 300 MW in  al l hours 

275 MW Coal -
1 2  Duke Wabash 1 Summer 

200 MW Coal - Winter 

2 1 4  MW Coal -
1 4  G ibson 5 Summer 

275 MW Coal - Winter 

1 4  F i rst Energy Bayshore 1 1 36 MW Petcoke Must-run at maximum load 

Source: Stakeholders ;  M idwest ISO 
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Dem and-Side Assum ptions 

Exhib it 3-1 3 deta i ls  the M idwest ISO membersh ip  i ncluded i n  ICF's study by year. 

Exh ibit 3-1 3 :  
M idwest ISO Membership 

Member Member in  2004? Member in 2005? Member in  2006? 

Al l iant East (AL TE) Yes Yes Yes 

Al l iant West (AL TW) Yes Yes Yes 

Ameren (AMRN) Yes Yes Yes 

Central  I l l i no is (CILC) Yes Yes Yes 

Cinergy (C I N/DEVI) 1 Yes Yes Yes 

Consumers Energy ( ITC) Yes Yes Yes 

Columbia Water L ight & Power 
Yes Yes Yes 

(CWLD) 

City Water Light & Power (CWLP) Yes Yes Yes 

Detroit Edison ( ITC) Yes Yes Yes 

F irst Energy (FE) Yes Yes Yes 

Great River Energy (GRE) Yes Yes Yes 

Hoosier Energy (HE) Yes Yes Yes 

I l l i nois Power ( IP) Yes Yes Yes 

Ind ianapol i s  Power and Light ( IPL) Yes Yes Yes 

Louisvi l le Gas & Electric (LGEE) 1 Yes Yes Yes 

Montana Dakota Uti l it ies (MDU) Yes Yes Yes 

Madison Gas & Electric (MGE) Yes Yes Yes 

M innesota Power (MP) Yes Yes Yes 

Northern Ind iana Publ ic Service (N I PS) Yes Yes Yes 

Northern States Power (NSP) Yes Yes Yes 

Ottertai l  Power Coop (MPC) Yes Yes Yes 

Southern I ndiana Gas and Electric 
Yes Yes Yes 

(SIGE) 

Southern I l l ino is Power Coop. (SI PC) Yes Yes Yes 

Upper Peninsula Power (UPPC) Yes Yes Yes 

We Energies (WEC) Yes Yes Yes 

Wisconsin Publ ic Service (WPS) Yes Yes Yes 
1 DEVI and LGEE are no longer in the M idwest ISO market footprint as of June 2006 and September 2006, 
respectively. S ince they were i n  the Midwest ISO before the end of the study period in  March 2006 , both were 
i ncluded in ICF's study .  On the other hand ,  SMP (Southern M innesota Municipal Power Agency) jo ined the market 
footprint in 4/2006, after the study period so was not i ncluded in ICF's analysis. 

H istorical energy demand for each Balancing Authority was provided by the M idwest I SO on an 
hourly basis for 2004 ,  2005,  and re levant periods in 2006 . Exh i bit 3- 1 4  deta i ls  the M idwest ISO 
peak demand and net energy for load by Balancing Authority from 2004 to 2006 as derived from 
this data . 
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Balancing 
Authority 

FE 

HE 

C IN  

S IGE 

LGEE 

IPL  

N I PS 

ITC (M EC) 

AMRN 

IP 

CILC 

CWLP 

S I PC 

WEC 

WPS 

MGE 

U PPC 

LES 

GRE 

MPC 

MP 

ALTE 

ALTW 

NSP 

Midwest 
ISO Total 

Exhi bit 3-1 4 :  
Midwest ISO Peak Demand and Net 

Peak 

2004 2005 2006 

1 2 ,357 1 3 ,697 1 2 , 1 90 

626 679 553 

1 1 ,44 1  1 3 ,294 1 1 , 558 

1 , 76 1 1 , 835 1 ,664 

6 ,247 7 , 1 55 6 ,326 

2 , 9 1 7 3 ,  1 1 7 2 ,726 

3 ,269 3 ,630 3 , 358 

1 9 ,522 2 1 , 904 1 8 ,820 

1 1 ,949 1 2 , 920 1 0 ,656 

2 , 9 1 7 4 , 1 92 2 ,726 

1 , 1 64 1 ,289 1 , 064 

441 468 379 

293 276 261 

6 , 087 6 ,698 5 ,647 

2 ,241  2 ,436 2 , 305 

631 666 578 

1 54 2 1 5 1 49 

737 762 676 

2 ,030 2 ,558 2 , 1 70 

2 , 00 1  2 , 1 44 2 , 1 95 

1 , 868 1 , 848 1 , 7 1 7 

2 ,490 2 ,731  2 , 365 

3 ,464 3 ,745 3 , 332 

8 ,808 8 ,797 8 ,395 

1 05,41 5 1 1 7,056 1 01 ,808 

of 
Midwest 

ISO's Tota l 
Peak Load 

1 1 . 80% 

0 .57% 

1 1 .23% 

1 .63% 

6 .07% 

2 .73% 

3 . 1 7% 

1 8 . 57% 

1 0 .93% 

3 .03% 

1 .07% 

0 .40% 

0 .27% 

5.67% 

2 . 1 7% 

0 .60% 

0 . 1 3% 

0 .70% 

2 .07% 

1 . 97% 

1 .70% 

2 . 33% 

3.27% 

8 .03% 

1 00% 

Energy for Load 
(GWh) 

2004 2005 2006 

69, 830 71 , 863 3 1 , 390 

2 , 841  3 ,36 1  1 ,450 

64,842 68 ,808 29 ,578 

1 0 , 525 1 1 ,  1 94 4 , 96 1  

34 , 388 37,223 1 5 , 869 

1 5 ,41 7 1 5 , 984 6 , 867 

1 8 , 870 1 9 ,321  8 , 76 1  

1 04 , 325 1 08 ,469 46 ,554 

6 1 , 349 64,475 27 , 1 70 

1 5 ,4 1 7 20 ,964 6 , 867 

5 ,754 6 ,087 2 ,458 

1 ,934 2 ,049 844 

1 ,428 1 ,424 6 1 4  

34 ,879 35 ,669 1 5 , 2 1 1 

1 3 , 939 1 4 , 373 6 , 276 

3 , 357 3 ,396 1 ,466 

932 895 408 

3 ,279 3 ,464 1 ,468 

6 , 962 1 3 , 1 4 1  5 ,667 

1 1 , 802 1 1 , 974 5 , 587 

1 2 ,633 1 2 ,627 5 , 838 

1 3 ,454 1 3 , 925 6 ,092 

1 9 , 927 20,741 8 , 8 1 0 

45 ,506 47,996 2 1 , 1 52 

573,591 609,423 261 ,357 

Source: Midwest ISO 
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Midwest ISO's 

Tota l Net 
Energy for 

Load 
1 2 . 00% 

0 .57% 

1 1 . 30% 

1 .83% 

6 .07% 

2 .63% 

3 . 30% 

1 7 .93% 

1 0 .57% 

2 .90% 

0 .97% 

0 . 30% 

0 .20% 

5 .93% 

2 .40% 

0.60% 

0 . 1 7% 

0.60% 

1 .87% 

2 .07% 

2 . 1 7% 

2 .30% 

3.43% 

7 .97% 

1 00% 
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Operating Reserves 
Sp inn ing  and Non-Sp inn ing Reserve requ i rements i n  the M idwest ISO are determined 
separately for each Balancing Authority. The operat ing reserve criterion for each of these 
Balancing Authorities is based on their  rel iab i l ity cou nci l  requ i rements. For example ,  the 
Balancing Authorities that fa l l  under the MAI N re l iab i l ity counci l  use the MAI N operating reserve 
criteria to determine their requ i rements. S im i larly Balancing Authorities that fa l l  under EGAR 
and M RO rel iab i l ity cou nci ls use their  respective re l iab i l ity counci l  operati ng reserves 
req u irements. Exhibit 3- 1 5  shows the operat ing reserve criteria for the various balancing 
authorities under Midwest ISO market footprint du ring the study horizon46 . Note that reserve 
requ i rements specified on a percentage basis such as those with in the EGAR area were 
trans lated to a single annual  MW requ i rement for model ing purposes. 

ALTE 

ALTW 

AMRN 

C I LC 

CE 

CWLP 

IP 

MGE 

S IPC 

U PPC 

WEC 

WPS 

GRE 

M P  

N S P  

OTP 

Total 

C I N  

FE 

HE 

IPL  

N IPS  

LGEE 

DECO 

S IGE 

Exhi bit 3-1 5 :  
Reserve Criteria for Midwest ISO Authorities 

30.7 1  

56.29 

1 1 0 .03 

50 

266.22 

6 .82 

54 . 1 4  

9 .4 

6 

1 .5 

87.43 

3 1 .89 

4 1  

69  

290 

42 

1 , 1 91 

2 . 5% * projected peak47 

load of the day 

30 .71  

56.29 

1 1 0 . 03 

2 1 .25 

266.22 

6 . 82 

54. 1 4  

9 .4  

4 

1 . 5 

87.43 

3 1 .89 

62 

46 

1 93 

27 
999 

1 . 5% * projected peak 
load of the day 

6 1 .41  

1 1 2 . 58 

220. 06 

7 1 .25 

532 .43 

1 3 .65 

1 08 .28 

1 8 . 8  

1 0  

2 . 99 

1 74 .87 

63 .78 

1 03 

1 1 5 

483 

69 

2,1 60 

Source: Midwest ISO 

46 N ote that these rel iab i l ity organ ization footprints have changed s ign ificantly i n  recent years with the addit ion of 
Rel iab i l ity Fi rst and the dissolut ion of MAI N .  
47 Peak load a s  ca lcu lated b y  respective Balancing Authorities 
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Fol lowing d iscussions with the Steering Committee we have inc luded an add itiona l  2 , 00048 MW 
of operating  reserve requ i rement i n  order to effectively s imu late typical M idwest I SO operations .  
The add itional reserves were added to entire Midwest ISO footprint to accou nt for the fol lowing 
th ree reserve categories: 

• Regu lation reserves wh ich are not expl icitly characterized in the MAPS model ing 
framework; 

• A port ion of supplemental or  non-sp inn ing  reserves wh ich , accord ing to M idwest ISO 
operators , are typica l ly he ld  as spinn i ng reserves i n  day-to-day operat ions; and 

• and "headroom" that is typica l ly held by M idwest ISO d ispatchers to a l low sufficient 
d ispatch and ramp capabi l ity to respond to changes in instantaneous load with i n  the 
cu rrent mu lt ip le Balancing Authority structure .  

These add itional  spi nn ing reserves were a l located to  Balancing Authorities based on the ratio of 
the actual  spinn ing  reserve requ i rements. Exhibit 3- 1 7  shows the total megawatt spi nn ing 
reserve requ i rement modeled i n  our Day- 1 Case . 

R eserves R 
Exhi bit 3-1 6 :  

f M"d or 1 west ISO B I a A uthorit1es 

ALTE 

ALTW 

AMRN 

CE 

C ILC 

C I N  

CWLD 

DECO 

FE  

GRE 

H E  

I P  

IPL  

LGEE 

MGE 

MDU 

M P  

N IPS 

NSP 

OTP 

S IGE 

S IPC 

CWLP 

U PPC 

68 

1 24 

243 

256 

1 1 0  

1 66 

1 3  

404 

409 

1 77 

35 

1 1 9 

95 

88 

20 

2 

1 52 

97 

640 

93 

46 

1 3  

1 5  

4 

48 800 MW for regu lat ion reserves wh ich Midwest ISO regu lar ly holds,  700 MW to reflect the need for flex ib i l ity to 
meet i nstantaneous load i n  Real-Time operation ,  500 MW to reflect the need for non-spinn ing  reserves. 
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Total 3,652 · 

Source: M idwest ISO 

Consistent with cu rrent M idwest I SO operations ,  we have assumed that the 700 MWs of the 
tota l 3 ,652 MW of spinn ing reserves wh ich is associated with regu lation is  optimized by the 
M idwest I SO across the entire footprint i n  the No-ASM Case. In the Day-2 Optimal  Case these 
reserves are optimized across the enti re footprint . We note that there is some variab i l ity 
surround ing the exact est imate of ASM related benefits depend ing on treatment of reserves . 
Wh i le th is study was not as deta i led i n  its estimation of the benefits of the proposed ASM 
market as some other stud ies, the est imate is reasonable based on the assum ptions and 
consistent with find ings i n  other stud ies. 

Canadian Imports and Exports 
Canad ian reg ions of the Eastern I nterconnect are not endogenously characterized i n  the version 
of MAPS ut i l ized i n  th is ana lysis . Any M idwest ISO i nterchange with Canad ian provinces were 
specified instead as an  hou rly load or resou rce consistent with actual  study period i nterchange,  
thus capturing the appropriate hourly impact of interchange with these areas i n  a l l  cases 
analyzed . Exh ibit 3-1 7 h igh l ights the month ly the two most re levant net interchanges for the 
M idwest ISO.  On average , the M idwest ISO imports 1 , 54 1 MW per month from Man itoba Hydro 
and exports 839 MW per month to the Ontario I ndependent Market Operator ( IMO) .  

Exh ibit 3-1 7 :  
Imports from Manitoba Hydro and Ontario Independent Market Operator 

Month-Year Man itoba Hydro Ontario I ndependent Market Operator 

Jun-05 1 , 307 -935 

Ju l-05 1 ,207 -445 

Aug-05 1 ,483 -41 5 

Sep-05 1 , 852 - 1 , 006 

Oct-05 1 , 884 -81 1 

Nov-05 1 , 777 -820 

Dec-05 1 ,656 - 1 , 0 1 6 

Jan-06 1 ,6 1 8 - 1 ,073 

Feb-06 1 , 539 - 1 , 1 1 2  

Mar-06 1 , 089 -759 

Average 1 ,541 -839 
N ote : Positive numbers ind icate imports into and negative numbers ind icate exports from the M idwest 
ISO.  

Transm ission Ass u m ptions 

Network Model 
For th is ana lysis ,  ICF  used a summer 2004 M MWG network model provided by the M idwest 
ISO.  A network model  provides MAPS with a deta i led transmission system representat ion of 
the g rid . A l l  tra nsmission faci l it ies rated 69 kV and h igher were expl icitly modeled with their  
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norma l ,  long-term , and shorHerm emergency l im its based on data provided in  M idwest I SO's 
network model . Exh ibit 3-1 8 shows Balancing Authority interconnections for M idwest ISO and 
neighboring zones as specified i n  the M idwest ISO network model .  

Exhibit 3-1 8 :  
Midwest ISO Balancing Authorities a n d  Neighbors 

(---..} MISO AREAS 
-·---· 

NON - MISO AREAS 

Transmission Faci l ity- Add itions and U pg rades 
This network model was mod ified to account for new l ine additions and upgrades for year  2005 .  
The table below shows the transmission faci l ities that were added or upgraded i n  2005 . There 
were no major upgrades during the three months stud ied i n  2006. 
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Exhibit 3-1 9 :  
F Tt Add"f d U  d 

Project Description Reg ion Ckt 
Voltage 

Action 
(kV) 

Spurlock-Kenton LGEE 2 1 38 Removed 

North Appleton - Werner West-
ATC LLC 345 U p-rate 

Rocky Run 

Lakefield to  Fox Lake XEL 1 1 6 1 Upgrade 

Chanarambie - Lake Yankton - Lyon 
XEL 2 230 New 2nd transformer 

Co . 

Nobles to Chanarambie new 1 1 5 kV Ameren 3 1 38 New Transmission L ine 

Maple River 230/1 1 5  kV Transformer XEL 2 230/1 1 5  New 2nd Transformer 

Beckjord to S i lver Grove Cinergy 1 1 38 New Transmission L ine 

Warren to Toddhunter C inergy 1 1 38 New Transmission L ine 

M ad ison West to Scottsburg C inergy 1 1 38 New Transmission L ine 

New Transformer at  Scottsburg C inergy 1 1 38/69 New Transformer 

Herbert Lake Transformer M H  1 230/1 1 5  New 2nd Transformer 

St. Francois - Rivermines Ameren 3 1 38 Kv New Transmission L ine 
Source: M idwest ISO 

Flowgates 
ICF  has expl icitly modeled a l l  designated N E RC and M idwest ISO flowgates49 in th is analysis. 
F lowgates are usua l ly the sensitive and often stressed locations in  the g rid and the most 
frequent requ i ring generation red ispatch to keep flows with i n  l im its . Transmission flowgates are 
frequently mon itored for potential l i ne overloads should there be contingency and/or emergency 
cond it ions such as outage of l i ne(s) or generation plant(s) or  both . There are approximately 
1 ,000 N E RC flowgates, 1 00 M idwest ISO flowgates and 1 0  ru le-based l im its (nomograms) that 
were modeled with expl icit month ly l im its for th is analysis. 

Although flowgate l im its vary on an hourly basis, it is not practica l to include hourly flowgate 
l im its in the simu lation model .  ICF and M idwest ISO decided to model month ly l im its .  For Day-
1 model i ng ,  every flowgate l im it was reduced by a certa in  percentage (Exh i bit 3-20) based on 
actual  flowgate ut i l izat ion during level-3 and h igher TLR events. This assumption is based on 
ana lysis performed by the M idwest ISO and documented i n  a memorandum d istributed to the 
study stakeholder g roup .  

49 N ERC defines certa i n  transm ission l i nes o r  paths through which power flow from power transactions are calcu lated 
d ur ing system operation .  These are typica l ly  l ines or paths that cou ld get congested and impact power transactions.  
These points are cal led flowgates. 
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Exhibit 3-20 : 
M d  I T  t t f F l  t L. "ts . D 1 d D 2 

Region Simulated Day-1 Case 
Simulated Day-2 and No-ASM 

Cases 

M idwest ISO - MAPP 84% 1 00% 

M idwest ISO -ATC 89% 1 00% 

Rest of M idwest ISO 9 1 % 1 00% 

SPP 9 1 % 1 00% 

Rest of the Eastern I nterconnect 1 00% 1 00% 
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C HAPTER FOUR:  
DETAILED STU DY RES U LTS A N D  CONCLUSIONS 

Th is  chapter d iscusses: ( 1 ) ca l ibration cases resu lts , (2 )  study find ings ,  (3 )  potentia l ly 
conservative featu res of the analysis wh ich may have resu lted i n  underestimates of the 
ach ieved benefits and/or overest imates of ach ievable benefits , (4) comparison of the study 
fi nd ings with other stud ies, and (5) conclusions.  

Cal i bration Case Res u lts 

Cal ibrated H u rdle Rates 

The determination of the appropriate level of hu rd le rates is ach ieved through a deta i led 
model ing exercise in wh ich h u rd le rates are i ntroduced in the model to cal ib rate the s imu lated 
model outcome to h istorica l  market outcomes. The commitment and d ispatch hu rd le rates were 
determined s imu ltaneously du ring the ca l ibration exercise .  Each iteration of the model provides 
i nformation to g u ide fine tun ing  of the commitment or d ispatch hu rd les, or  both . Specifica l ly ,  for 
each un it with i n  the M idwest ISO,  the model determines hourly whether the un it should be 
committed and d ispatched . This is done through a mu lti-pass commitment process that 
performs hourly commitment of resources to serve load wh i le s imu ltaneously looking one week 
ahead50 . Thus the total number of hours the 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 commitment ( in  hours) wi l l  a lways be g reater than or 
equa l  to the level of d ispatch . Through the iterative cal ib ration process , the model 's projections 
foi un it commitment and d ispatch weie compared to actual h istorical operation ,  especial ly for 
un its that showed large deviations ,  to determine the appropriate hu rdle rate adjustments. For 
example ,  if a un it that h istorica l ly d ispatched in 2004 d id not d ispatch as much i n  the 2004 
cal ibration model and also d id not commit as much as wou ld be req u i red to permit the level of 
h istorical d ispatch , then the commitment hu rd les affect ing that un it were adjusted . I n  contrast , if 
the u n it was committed as expected , but d id not d ispatch as much as it actual ly d id h istorica l ly ,  
then the appropriate dispatch hu rd les were adjusted . 

The pr imary result  of the cal ibrat ion process is a set of d ispatch and commitment hurd le rates 
for each Balancing Authority i n  the M idwest ISO footprint . These results are shown in Exh ibit 4-
1 below. Th rough  an iterative process we determined that a re latively low un iform $3/MWh 
d ispatch hu rd le combined with commitment hurd les varying between $1 0/MWh and $20/MWh 
provided the best cal i brat ion resu lts . A $20 commitment and $5 d ispatch hu rd le was uti l ized 
i nto and out of the M idwest ISO as wel l  as between a l l  non M idwest ISO zones. This was 
sufficient to ca l ib rate Midwest ISO net interchange du ring the study period . 

50 The forward looking view ensures that each u nit's operating characteristics such min imum uptime and downtimes are not vio lated . 
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Exhibit 4-1 : 
2004 Commitment & Dispatch Hurdles Rate Results 
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As d iscussed i n  Chapter Two above , these hurd le rates were translated from the 2004 
Cal ibration Case to the Day- 1 June  2005 to March 2006 case . Th is a l lowed us to s imu late an 
expected commitment and d ispatch resu lt assuming that the M idwest ISO operated as a Day-1 
market du ring the study period of June 2005 through March 2006. Hu rd le  rates were then 
removed from the model i n  our  Day-2 Optimal and No-ASM cases to reflect fu l ly efficient 
centra l ized commitment and d ispatch . These hurd les are i ntended to s imu late barriers to trade 
between Balancing Authorities . The change in production costs between the Day- 1 , Day-2 
Optima l ,  and No-ASM Cases then yield the primary study resu lts , i . e .  the level of savings 
ava i lab le due to restructu ring of the M idwest ISO marketplace. 

Note that generator i nput costs ( i . e .  the price of natu ral  gas, coa l ,  oil products, and emission 
a l lowances) varied s ign ificantly between the cal ib ration  and study periods as wel l  as with in  the 
study period . Therefore ,  commitment hu rd le  rates in the Day- 1 and No-ASM Cases were 
i ndexed to average natural gas prices on a month ly basis .  

Cal i bration Statistics 
ICF  performed a series of cal ib ration cases whi le performing th is study. Resu lts of each case 
were compared against h istorica l data and a fina l  ca l i bration case wh ich represented a "best-fit" 
to h istorica l market operation was chosen .  ICF ca l ibrated to four  primary parameters during th is 
exercise , namely M idwest ISO net interchange,  generation by Balancing Authority , generation 
by un it type,  and generation by u n it .  Exhibits 4-2 through 4-7 below demonstrate the excel lent 
fit achieved during  this exercise. 
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Exh ibit 4-2 : 

Source: ICF 

Exh ibit 4-3 : 
Total Dispatch by Balancing Authority - 2004 Actual  vs. ICF Calibration 
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Exhibit 4-4 : 
Total Dispatch by Balancing Authority- 2004 Actual  vs. ICF Cal ibration 
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Exhibit 4-5: 

50,000 60, 000 

Total Dispatch by Balancing Authority - 2004 Actual  vs. ICF Calibration 

Balancing Authority Abbreviation 
2004 Actual  

Cal ibration Resu lts 

Alliant East ALTE 8 , 1 87 

Al l iant West ALTW 1 1 ,780 

Cinergy CGE 46,657 

Detroit Edison DETED 38,207 

Madison Gas & Electric MAGE 1 , 596 

Wisconsin Public Service WI PS 8 , 830 

Consumer's Energy CEC 30 ,232 

Northern States Power NSP 30,699 

Ameren AUEP 45 ,500 

F i rst Energy FE 49,792 

Wisconsin Electric WI EP 20 ,92 1  
Northern Ind iana Publ ic 

NIPS 1 1 , 646 
Service 

I l l inois Power I LPC 20 ,807 
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Balancing Authority Abbreviation 
2004 Actua l  

Cal ibration Resu lts 
Dispatch 

Great River Energy G RE 6 ,535 6 ,273 

Otter Tai l  Power OTPC 6 ,5 1 3 6 ,068 

Minnesota Power M N PO 6 ,566 6 ,481  
Sothern Ind iana Gas & 

S IGE 7 ,874 7 ,456 
Electric 

Louisvi l le  Gas & Electric LG&E 26,095 25 ,440 
Springfie ld Water & 

SPF I  1 ,464 1 ,4 1 6  
Power 

Central I l l i nois Lighting 
CE IL  4 , 905 4,779 

Co.  
Ind ianapol is Power & 

I P&L 1 2 ,437 1 2 ,003 

U pper Pen insula Power UPPP 0 0 

Hoosier Energy H EC 5 ,364 5 ,567 
Southern I l l ino is Power 

SOI P  1 ,405 1 ,237 
Corp 

Grand Total 404,009 404,31 9 
Source: ICF 

Exhibit 4-6 : 
e - 2004 Actual vs. ICF Cal ibration 

Actual 2004 Day·1 Dispatch Model Simulated Day-1 
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Exhibit 4-7 : 
Total Dispatch by Generator - 2004 Actual  vs. ICF Cal ibration 
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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 ,  product ion cost savings of $460 mi l l ion  were 
estimated 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 optim ized reserves .  This is $46 m i l l ion per month on average .  If th is 
month ly level of benefits is assumed to be ach ieved for a 1 2  month period annua l  benefits 
wou ld be $552 m i l l ion . Exhibit 4-8 presents the maximum monthly benefits ava i lable i n  the Day-
2 Optimal Case for the June 2005 to March 2006 period . 
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Exhibit 4-8 : 
Summary of Maximum Potential  Benefits - June 2005 through March 2006 
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Source: ICF 

Exh ib it 4-9 compares the maximum potentia l ,  maximum ach ievable ,  and actual achieved 
benefits for the M idwest ISO during the ten month study period . The benefits are also shown on 
an annua l  basis assuming that average benefits extended at the same average level for an 
addit ional two months. 

Exhibit 4-9 : 
f M"d t ISO B f ts J 2005 th h M h 2006 

Benefits 
Annual ized 

Category 
($mi l l ion) 

Benefits 
($mil l ion) 

Theoretica l Maximum Potentia l  Benefits 460 552 
Estimated Ach ievable Benefits Given 

271  325 
Current Market Structure 
Actual Benefits Ach ieved 58 70 

Source : ICF 

Our analysis y ie lds the fol lowing three pr imary resu lts: 

• U p  to $460 mi l l ion i n  benefits were potential ly ach ievable through optimal operation of 
the M idwest ISO g rid du ring the study period . This represents a 3 . 8  percent decrease i n  
overa l l  M idwest ISO production costs compared to the paral le l  Day-1 estimate . Th is 
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level of potential benefits is comparable to other stud ies of the potential benefits of 
centra l ized d ispatch . 51 

• Of the $460 mi l l ion i n  max imum potent ia l  benefits we est imate that approximately $27 1  
mi l l ion was actua l ly ach ievable du ring the study horizon g iven the exist ing treatment of 
anci l lary services . This represents 59 percent of the tota l potential and ind icates that 
opt im ization of anci l lary services is an  important component of potentia 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 mi l l ion was real ized through M idwest ISO 
operation of  the g rid . Th is  trans lates to  2 1  percent of  achievable benefits . Th is  $58 
m i l l ion is equ ivalent to $70 mi l l ion on an annua l ized basis . 

I n  order to analyze trends i n  the study resu lts , we have further d isaggregated results on a 
monthly basis. Exhibit 4- 1 0 presents the actual  benefits achieved on a monthly basis for the 
study period a long with month ly average natura l  gas prices. 

Exhibit 4-1 0 :  
Month ly Benefits Achieved and Historical Natural  Gas Prices 
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Exh ib it 4-1 1 presents our  month ly resu lts of both max imum potential and actual ach ieved 
benefits in tabu lar  form. Natu ra l  gas prices and the percentage of benefits achieved on a 
monthly basis are presented for reference as wel l .  Note that emission a l lowance52 and 

51 See Chapter 4 for a summary of previous study fi nd ings .  
52 See Exh ibit 3-1 1 for add itiona l  deta i l .  
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del ivered coa l  prices53 a lso i ncreased sign ificantly du ring th is period . For example ,  S02 
a l lowance prices increased from $248 per ton i n  January 2004 to more than $1 , 587 per ton i n  
December 2005. 

Exhi bit 4-1 1 : 
Month ly Potential and Achieved Benefits 

Period 
Theoretical Maximum Actua l  Benefits Percentage 

Potential Benefits (MM$) Ach ieved (MM$) Achieved 

J une 44 
5 1  2 2  43% 
62 22 37% 

2005 58 2 3% 
October 52 

November 38 4 1 1 % 
December 55 (44) (80%) 

38 34 88% 
2006 32 27 84% 

March 29 1 4  50% 
Total 460 58 1 2% 

This monthly ana lysis yields the fol lowing two secondary resu lts: 

• Whi le benefits were lower during i n it ial 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 u n precedented period of h igh  natural  gas, coa l , and emission a l lowance 
prices between September and December 2005 correlate with periods of lower 
ach ieved benefits , and in some cases i ncreased 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 commitment and 
d ispatch were increasing d ue to ris ing generation input costs . In th is 
environment, the cost impacts of even smal l  i ncremental deviations from Day-1 
opt imization between gas and coal generation are economica l ly magn ified . 

Potentia l ly Conservative Factors Vis-a-vis the Benefits Ach ieved and 
Ach i evable 

Because th is  ana lysis compares the resu lts of  th ree MAPS model analyses with a detai led 
review of actual market operations during the study period , s ign ificant efforts were made to 
incorporate as many " real-world" phenomena as possib le d i rectly i nto the model .  A number of 
these issues are d iscussed in Appendix A. Wh i le  we bel ieve that the majority of these issues 
are captured in our model ing , several  variables cou ld not be fu l ly modeled with in  the MAPS 
framework or with i n  the context of this study. Thus ,  there may be some features of the 
model ing that may have resu lted in a conservatively low estimate of actual benefits achieved 
and/or a h igh  est imate of ach ievable benefits . Some of these issues are d iscussed below,  and 
the fu l l  set of issues considered i n  this regard is provided i n  Appendix A. 

5 3  See Exh ib it  3-1 0 for add itiona l  deta i l . 
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• Choice of Cal ibration Year - As d iscussed i n  Chapter 2 ,  ICF ,  i n  consu ltat ion with the 
Study Steering Committee,  chose 2004 as the cal ibration year d ue to data ava i lab i l ity . 
During the review process, severa l  stakeholders noted that 2004 was not an "average" 
year with i n  the M idwest ISO footprint .  Actual  demand i n  the summer of 2004 was lower 
than expected and correspond ing ly we see that natura l  gas d ispatch may have been 
lower than a "normal" year. The choice of a cooler than average year cou ld potentia l ly 
bias our cal ibrated hurdle rates downward , yield ing a conservative estimate of potential 
benefits when these hu rd le rates are translated to a hotter 2005 t ime period . 

• Day-Ahead vs. Real-Time Comm itment - Wh i le the MAPS model s imu lates a Day
Ahead market designed to m in imize tota l production costs , a portion of the un its requ i red 
to rel iab ly serve Real-Time demand and congestion management needs are committed 
after Day-Ahead market i n  the RAC process. The RAC process objective function is 
d ifferent than the Day-Ahead objective function in that the RAC commits resources i n  
merit-order consideri ng on ly start-up and  no load costs . As a resu lt t he  commitment 
obta ined in MAPS may be more efficient (more optimal) that can be ach ieved in actual 
operations. In other words,  when the MAPS model is d ispatch ing peaking faci l it ies to 
meet real-t ime load it opt imizes overa l l  production cost , assuming the ab i l i ty to commit 
Day Ahead with perfect certai nty , whi le the RAC process considers on ly start-up and no 
load costs and must be conducted i n  Real-Time when load is known with certa i nty . The 
consequence is that in  actual  operations u n its with lower start-up costs , but h igher 
production cost may be committed . MAPS is not designed to s imu late th is particu lar 
market structure .  We bel ieve that al l  e lse being equa l  th is d ifference may lead to an 
agg ressive estimate of the potential ach ievable benefits. That is ,  some port ion of the 
estimated $27 1 mi l l ion i n  ach ievable benefits may not have been ach ievable g iven this 
d ifference between model  and actual operat ions. This variable wou ld not affect the 
est imate of ach ieved benefits. I t  may be valuable to further eva luate whether it wou ld be 
beneficial to mod ify the M idwest ISO TEMT and systems to base the RAC process on 
m in imization of total production costs , inc lud ing start u p  and operating costs . 

• Bid Inflex ib i l ity - The MAPS model  assumes that a l l  generators wi l l ,  on average , 
submit b ids with ramp rates and costs consistent with actual operating costs and 
physical faci l ity operati ng l im itations .  Th is is not a lways the case during actual 
operations .  I nflexib le b ids offered by market participants tend to l im it the flex ib i l ity of 
d ispatchers to respond to changing demand efficiently. Our assumption of fu l ly flexible 
b ids wou ld tend to i ncrease the estimate of ach ievable benefits . This issue is less 
important for the estimate of maximum potent ial  benefits. In add ition , to the extent 
i nflex ib i l ity may have reduced actual benefits du ring i n it ia l  market start-up ,  increasing 
flex ib i l i ty is expected as participants ga in operat ing experience and real ize economic 
benefits of increasing the flex ib i l ity made avai lab le for d ispatch . 

• Offered Capacity - There is some evidence that i n it ial stakeholder capacity 
assumptions54 overstated the actual capacity offered by market participants i n  some 
months. Any overstatement of capacity wou ld tend to decrease our  model est imates of 
prod uction costs and lead to a conservative est imate of actual benefits ach ieved . 
Based on eva luation of actual offer behavior du ring the study period , model assumption 
were refi ned , but it is not practical to inc lude hourly or da i ly changes i n  offered capacity 
levels as occu rs i n  Real-Time operations,  

54 See Chapter 3 for a d iscussion of how capacity assumptions were developed . 
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Com parison to Results i n  S i m i lar Analyses 

ICF 's  find ings in  th is study are consistent with severa l previous analyses . Exh ib it 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 in the M idwest ISO.  Summer 2005 shows large amounts of out-of-merit peaking 
d ispatch . Wh i le there is less in  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 icat ing negative 
benefits ach ieved du ring the months of October and December 2005. Note , that the defin it ion 
of out-of-merit d ispatch does not precisely correspond to the defin it ion of "economic d ispatch" in 
the ICF  study associated with market rules, and hence ,  care needs to be exercised in 
com paring  the two analyses. 

Exhi bit 4-1 2 :  
Market Mon itor Anal s i s  o f  the Dis atch of Peaki n Resources 

1,600 r------·--------.. 

1 ,400 + In-Merit 1 

200 

Jul Aug 

·--- ---- - I 

-- 1 

-- - - -1 

2005 

Source: M idwest ISO Market Monitor Report Feb. 1 4 , 2007 

Our study resu lts are a lso s imi lar to a M idwest ISO review of Revenue Sufficiency Guarantee 
(RSG) trends shown in Exh ibit 4-1 3 below. Here we see RSG payments by month are h igh  i n  
2005 compared to  2006 . S ince these are payments for un its not otherwise recovering their 
costs , the trend a lso supports our  conclusion of improving performance. 
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Exhi bit 4-1 3 :  

Market Mon itor Anal s i s  of the M idwest ISO RSG P a  ments 

$90,000,000 

$80,000,000 -

$70,000,000 - • 

$60,000,000 4 

$50,000,000 .. 

$40,000,000 -

$30,000,000 J 

$20,000,000 ' 

$ 10,000,000 -

2005 

D Fuel-Price Adj. RSG: Peaker 

liJ Fuel-Price Adj. RSG: Non-Peaker 

• Total Nominal RSG 

2006 

Source: M idwest ISO Market Monitor report Feb. 1 4 ,  2007 

Whi le the ICF study of the proposed M idwest ISO ASM market is not as detai led regarding 
reserves as that conta ined i n  a recent M idwest ISO fi l i ng ,  the theoretical value generated by ICF  
is with i n  t he  range of t he  M idwest ISO value estimates generated and  shown in  t he  Apri l  3 ,  2006 
F i l ing to FERC where the comparable potential benefits are shown as $1 1 3  to $208 mi l l ion (see 
"contingency reserves" and "regu lation market" bars in  Exh ib it 4- 1 4  below) . 

Exh i bit 4-1 4 :  

M idwest I S O  Esti mates o f  A S M  Benefits a n d  Costs 

$ millions 

$59-1 1 8  

Footprint
wide 

Contingency 

Reserve 

$74 - 1 09 

Contingency 

Reserves 
Market 

$39 - 99 

Regulation 

Market 

$ 1 72 - 326 

Gross 
Annual 
Benefits 

$25 
_ _ _ __ _ _ _ _  $147 - 301 

Average 

Annual 

Operating 

Costs• 

Net 

Annual 

Benefits 

• 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 

Low High 
$990 $2,'456 
583% 1,299% 

Source: Midwest Contingency Reserve Sharing  and Midwest ISO Anci l lary Services Market - Project 
Update, October 1 0, 2006 
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Exh ibit 4- 1 5 shows some of the cost benefit stud ies associated with transit ions from either Day
a or Day- 1 to g reater coord ination . This study estimated that the maximum potential cost 
savings to be 3 .8  percent and hence is not d issimi lar  to find ings in other stud ies.  

Exhi bit 4-1 5 :  

f P C t B ft St d "  

Base Market Study I Estimated Market 
Estimated Production 

Study 
Structu re - Change Forecast Size - Energy 

Cost Savings 
Subject 

Market Structu re Period Demand (TWh)12  Compared to Base 
Case 

Day-1 to Day-2 (No Jul-05 to 
2 .2% 

Midwest ISO 1 
ASM) Mar-06 

345 
Day- 1 to Day-2 Jul-05 to 

3 .8% 
ASM Mar-06 

Midwest ISO 2 Day-2 to ASM 2006-201 31 1  345 1 . 1 %  to 2 .2%1 3  

Midwest I S O  3 Day- 1 to Day-2 N/A 345 5.8% to 1 4 .0%14  

Midwest ISO 717/2005 1 . 3% 
Short Term Day- 1 to Day-2 Peak Hour 345 

Study4 
7-Jul-05 

2 .6% 

Midwest ISO 5 Day- 1 to Day-2 
Peak Hour 

345 22.7% 
7-Jul-03 

ERCOT6 Day- 1 to Day-2 2005-201 4  289 Approx. 1 %  

1 .2% (SeTrans) 

SEARUC7 Day-0 to Day-2 2004-201 3  4 ,0 1 1 
1 .8% (GridSouth) 

0 .8% (GridFlorida) 

1 . 3% (Total SEARUC) 

FERC RTO 0.6% (transmission only 
Benefit Day-0 to Day-2 2002-2021 4 ,0 1 1 case) 
Study8 

3 .9% (RTO Case) 

Grid Florida Day-0 to Day-1 2004-201 6 0 . 1 %  (Day- 1 ) 
Cost Benefit 226 

Analysis9 Day-0 to Day-2 2004-201 6 1 .4% (Delayed Day-2) 

SPP1 0  Day- 1 to  Day- 1 E IS  2006-201 5  2 1 8 2 .5% 

1 I C F  I nternationa l ,  Independent Assessment of Midwest /SO Benefits, February 28, 2007. 

2 M idwest ISO, Midwest Contingency Reserve Sharing And Midwest /SO Ancillary Service Markets, October 1 0 ,  2006. 
3 M idwest ISO, Value Review: Analysis of Pre-Ml SO and Post-Ml SO Market, October 1 9 ,  2005. 

4 ICF I nternational ,  Analysis of the Benefits of the Midwest ISO's Day-2 Market, October 3 1 , 2005. 

5 Ernest O rlando Lawrence Berkeley National Laboratory, The Potential Impacts of a Competitive Wholesale Market in the Midwest: A 
Preliminary Examination of Centralized Dispatch, October 2004. 

6 Tabors, Caramanis & Associates, Market Restructuring Cost-Benefit Analysis for the Electric Reliability Council of Texas, Novem ber 30, 

2004. 

7 Charles River Associates, The Benefits and Costs of Regional Transmission Organizations and Standard Market Design in the Southeast, 
Novem ber 6, 2002 

8 ICF I nternational ,  Economic Assessment of RTO Policy, February 26, 2002. 

9 ICF I nternational ,  Cost-Benefit Study of the Proposed GridF/orida RTO, December 1 2 , 2005. 

1 °  Charles River Associates. Cost-Benefit Analysis Performed for the SPP Regional State Committee, Apri l ,  23,  2005. 

11 H istorical 2004 data presented for i l lustrative purposes only. 

12 Estimated date range. Data i ncludes amortization of startup costs over seven years estimated to begi n  in 2006. 

1 3 N ote, this study did not expl icitly report total production costs. Benefits were estimated at $ 1 72 to $326 m i l l ion per year and were 
com pared to IC F's esti mate of M idwest I S O  production costs, yielding 1 . 1  % to 2 . 2 %  in production cost savings. 

1 4  Note , this study did not expl icitly report total production costs. Benefits were estimated at $708 mi l l ion to $ 1 .8 bi l l ion per year and were 
compared to ICF's  esti mate of M idwest ISO production costs, yield ing 5.8% to 1 4 . 0% in production cost savi ngs. 
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Conclusions 

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

RTO operational 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 i mport 
potentia l .  These benefits wi l l  l i kely g row over t ime as: 

• Rel iance on natu ra l  gas generation with i n  the M idwest ISO footprint g rows as a 
resu lt of the ongoing load g rowth and a general lack of non gas-fired 
development over the last 20 years. Th is may i ncrease the scope for potent ia l  
savings from centra l ized d ispatch i n  future years. 

• Tighten ing environmental controls and the resu lting greater d iversity i n  coal p lant 
fleet variable operating costs wi l l  make opt imization of coa l  plant uti l izat ion more 
important i n  future years 

• Tighten ing supp ly marg ins  th roughout the Eastern I nterconnect over the next 
th ree to five years i ncrease the i mportance of opt imizing i nterchange with 
neighbors such as PJM ,  SPP ,  and others .  

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

The lack of an Anci l lary Services Market (ASM)  for footprint wide reserve optimization l im ited 
the ach ievable resu lts by as much as 40 percent d u ring the study horizon . We note that there is 
some variab i l ity surround ing the exact estimate of ASM related benefits depend ing on treatment 
of reserves .  For example ,  an a lternative treatment of reserves might i nvolve variat ion of 
reserves levels with demand on an hourly or month ly basis. Wh i le this study was not as 
deta i led in its estimation  of the benefits of the proposed ASM market as some other stud ies the 
est imate i ncluded i n  th is study shows they represent a sign ificant portion of total potential 
benefits . 

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

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

• Suboptimal  commitment and d ispatch during periods of extremely h igh  gas 
prices had s ign ificantly adverse impact on ach ieved versus potential ly avai lab le 
benefits . Th is is because even smal l  deviations from opt imal 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 ISO operations 
due to record h igh fuel  prices . For example ,  natura l  gas prices peaked at an average of 
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$1 2 .60/MM Btu i n  December 200555 . We note that had actual benefits ach ieved i n  December 
and October been at the average level for al l  other months i n  the study period total ach ieved 
benefits would have exceeded $ 1 46 m i l l ion56 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 ,  
ind icati ng increasing ly efficient operat ions.  This is especia l ly evident in  2006 when fuel  prices 
began to moderate . 

We fu rther note that major developments led by the M idwest ISO marketplace wi l l  l i ke ly 
i ncrease both the potential and ach ieved benefits on a going forward basis. These 
developments include the introduction of the Anci l lary Services Market wh ich is currently under 
review by FERC and expected to beg i n  operation i n  2008 and reg ional transmission i nvestment 
i n it iatives such as MTEP 06 wh ich wil l  br ing $3 .6  b i l l ion in transmission investments to market 
by 201 1 and targets e l im ination of 22 of the top 30 constra i nts in the footprint . 

5 5  Source : Gas Dai ly ;  Ch icago City Gate price 
56 This i l l ustrative back-of-the-envelope calcu lation assumes that losses of $ 1 4  and $43 m i l l ion in October and 
December are rep laced with sav ings of $ 1 4 .5  m i l l i on ,  the average achieved i n  the remain ing months of the study .  
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Append ix A :  
Iss ues Identified and Resolved by t h e  Study Steeri n g  

Com mittee 

As d iscussed above, the study Steeri ng Committee met reg u la rly and was responsib le 
for ensuri ng that th is ana lysis i ncl uded an accu rate dep ict ion of actua l  M idwest ISO 
operations .  The tab le below h ig h l ights many of the issues identified by the Steeri ng 
Comm ittee and the associated resol ut ions .  

1 .  

2 .  

3 .  

4 .  

Issue Descri ption Resol ution 
Because 2004 rea l ized h istorica l ly low d ispatch 

This is treated as a 
Choice of of CT un its throughout the M idwest ISO,  the 

potential ly conservative 
cal ibration choice of 2004 as a cal i bration year may have 

element of th is 
year b iased hu rdle rates downward and therefore 

analysis. 
l im ited potential benefits . 

The Day-Ahead Market load typica l ly clears 
below Real-Time load , requ i ri ng addit iona l  
generation commitments in  the Rel iab i l ity This variable was 
Assessment Commitment (RAC) .  I n  an effort to incorporated in the 

DA vs. RT avoid over committ ing generation in  Real-Time, model as " load 
Commitment operators defer potential commitments identified uncertainty" during the 

in  the Forward (Day-Ahead) RAC unt i l  closer to commitment stage of 
Real-Time.  Un its committed i n  Real-Time,  when the model ing process . 
demand is more certa i n ,  tend to be faster start ing 
un its , typica l ly CTs . 

Real-Time operations under the currently d ivided 
Balancing Authority responsib i l it ies requ i red 
reserves held to respond to rapid demand 

"Head room" 
changes in excess of those reserves held by 

to account 
Balancing Authorities to respond to generation Th is variable was 

for sh ifts i n  
and  transmission conti ngencies. However, l i ke incorporated i n  the 

instantaneou 
many market models ,  MAPS models demand in  model as incremental 

s load 
a manner that is analogous to Day-Ahead reserves . 
(known and g radua l ly chang ing load) rather than 
Real-Time (uncerta in  and responded to with 5-
m inute d ispatch ) ,  and therefore does not reflect 
the increased need for regu lation .  

This i s  largely 
MAPS models a Day-Ahead market designed to considered a 

DA vs RT m in im ize production costs. The M idwest ISO potentia l ly conservative 
commitment RAC objective function is to m in im ize start-up element in  the analysis ,  
a lgorithm and no-load costs without consideration of partia l ly reflected in  

incremental energy costs . model treatment of 
load forecast error. 
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Issue Descri ption Resolution 
The Day-2-0ptimal  Case assumes co-opt imized 

Th is is treated as a 
5 .  Co-opt imized 

energy and reserves . The M idwest ISO market 
potentia l ly conservative 

reserves 
does not currently co-optim ize these products . 

element of th is 
The ICF model reflects a scenario that i ncludes 

analysis. 
imp lementation of ASM .  

6 .  Central ized 
The Day-2-0ptimal Case assumes the M idwest 

vs. 
ISO manages reserves centra l ly in Day-2 . 

The study i nvolved a 
decentral ized 

Cu rrently , reserves are held and managed by the 
sensitivity case on th is 

reserves in variable .  
Day-2 

Balancing Authorities. 

I t  was confirmed that 

7 .  Hou rly vs bi- B i-hourly MAPS runs may reduce demand for 
th is is not a s ign ificant 

hourly runs  peaking capacity .  
issue through test ing 
and conversations with 
GE .  

Review of  actual 
transmission outages 

8. Transmission No expl icit model ing of transmission outages in ind icated that this is a 
outages the MAPS framework. minor issue with a 

relatively smal l  effect 
on model resu lts . 

This was incorporated 
d i rectly in the model .  

Actual M idwest ISO i nterchange with Man itoba 
The approach is to 

9 .  I nterchange 
and Ontario i n  the model , cou ld be a potential 

model actua l  hourly net 
with 

issue because supply and demand for these 
i nterchange between 

exogenous 
reg ions are not expl icitly included in  the MAPS 

M idwest ISO and the 
reg ions 

framework. 
exogenous Canadian 
reg ions i n  both the 
Day- 1 and Day-2 
Optimal Cases . 

1 0 . Losses in the 
Losses are treated 

I nterchange 
Appropriate treatment of losses i n  the calcu lation consistently between 

I ndex 
of Day-2 Actual costs cou ld be important .  the actua l  and model 

cases. 

A need exists to review the powerflow case 

1 1 .  B ias in the 
provided by the M idwest ISO for th is analysis for 

Powerflow 
any potential b ias. MAPS uti l izes a s ing le power No potential bias was 

Case 
flow over study period and fai l u re to assure found 
representative power flow could resu lt i n  model 
b ias.  
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Issue Descri ption Resol ution 
M idwest ISO market d ispatch is based on market 
participant generation offers .  MAPS model 
d ispatch is based on assumed d ispatch cost and 

This is treated as a 
1 2 . B id 

un it physical characteristics . Market partici pants 
potentia l ly conservative 

I nflexi b i l ity 
may choose to offer less that fu l l  un it flex ib i l ity 

element of this 
restrict ing the d ispatch and lead ing to suboptimal 

analysis .  
d ispatch and therefore increased production 
costs . This i nflex ib i l ity varies by hour and is  not 
represented i n  the model . 

ICF ,  SAIC ,  and 
M idwest I SO staff 
M idwest I SO reviewed 

Stakeholder provided capacity assumptions actual market bid data 
should be val idated against offered capacity to for the study period in 
assu re potential output levels a re not overstated deta i l  and corrected for 

1 3 . ECOMAX 
relative to the capacity ava i lab le i n  the an  i n it ia l  3 GW 
marketplace. Prior analysis by the M idwest ISO overstatement of 
ind icated large potent ial  differences between capacity .  The potentia l 
annua l  nameplate capacity and capacity made for monthly 
avai lab le for hourly d ispatch . d iscrepancies is 

treated as a potentia l ly 
conservative element 
of this ana lysis .  

Actual offered un it ramp rates may d iffer from 
1 4 . Offered physica l  ramp rates. This d ifferential may l imit the 

See # 1 2  above. 
ramp rates M idwest I SO's ab i l ity to ach ieve the fu l l  range of 

benefits possib le .  

1 5. Must-run 
Market partici pants may offer more must-run 

See # 1 2  above 
un its than are i ncluded . 

Ana lysis has 
1 6 . H istorical Aggregate treatment of un it outages may not incorporated a l l  

outages and accu rate ly reflect actual periods of shortage in reported outages and 
u n it derat ions the M idwest ISO system .  un it derates in  MAPS 

mode l .  

Because spot market 
coal transaction data is  

Analysis uses coal prices as an average of both th i n  and not pub l icly 
contract and spot prices for each faci l ity rea l ized ava i lable ,  ICF bel ieves 

1 7 . Coal Prices during the study period . This may not fu l ly the approach and does 
captu re the volati l ity in coa l markets during th is not expect th is to be a 
period . s ign ificant driver of 

either potential or 
actua l  benefits . 

1 8 . Treatment of Wind and hydro requ i re treated with appropriate Analysis i nputs reflect 
wind and operat ing patterns i n  the MAPS mode l .  appropriate d ispatch 
hydro patterns .  
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Issue Descri ption Resol ution 

1 9 . Taum Sauk 
The Taum Sauk pumped storage faci l i ty has not 

I ncorporated i n  the operated s ince Dec 1 3 , 2005. 
model 

20 .  Beh ind-the Treatment of BTM u n its i n  the model may affect 
The BTM u n its were 

Meter un its resu lts . 
confi rmed to be correct 
i n  the model . 

G iven the d ifficu lty in 

2 1 . M idwest ISO The MAPS model  reflects the assumption that 
developing a consistent 

flowgate transmission flowgate capacity is ut i l ized at 1 00 
model  assumption to 

rati ngs in the percent of flowgate l im it in the Day-2 Optimal 
accu rately reflect th is 

02-0ptimal Case . Rea l-Time operations are often below that 
issue we have 

Case l im it .  
assumes 1 00 percent 
uti l ization in the Day-2 
and No-ASM cases . 

This variable was 

22 .  Hou rly vs. 
MAPS model reflects i nteg rated (average) hourly 

incorporated in the 

instantaneou 
load . Capacity com mitments must be adequate 

model as " load forecast 

s load 
to cover instantaneous load du ring the peak 

error" du ring the 

hour. 
commitment stage .  
(see #3  above for 
related d iscussion) 
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F I LE :  Copy of CALC U LATE D MAG N ETIC F I E LD CHARTS.xis S H E ET: mi l l iga u ss TAB LES 

O R I G I NA L  TA BLE 

TAB LE 5 . 2-6. Calcu lated Magnetic Fields ( m i l l iga uss) fo r proposed double circuit 345 kV Tra nsmission Li n e  Designs 

( 3 . 28 feet a bove gro u n d )  

STRUCTU RE SYSTEM CURRENT DISTANCE TO PROPOSED CENTE R LI N ES 

TYPE CON DITION (AM PS) -300' -200' -100' -75 ' -50' -25'  O' 25' 50' 75' 100' 

l CI RCU IT PEAK 264 0.79 1 .67 5 . 62 8.70 14. 36 23.45 3 1 . 89 29.76 17.92 10.19 6.26 

D ELTA CFG AVE RAG E 158 0.47 1.00 3 . 3 6  5 . 2 1  8 .60 14.03 19.08 17.81 10.73 6 . 10 3.75 

! CI RCU IT PEAK 264 0 .86 1 .97 7 . 1 2  1 1 . 10 18. 17 27.45 25.55 16.04 9.86 6.41 4.42 

VERT CFG AVERAG E 158 0.52 1 . 18 4.26 6.65 10.87 16.43 15.29 9 .60 5 . 90 3 . 84 2.64 

2 CI RCUIT W/ PEAK 264 0.71 1.48 4.43 6.43 9 .89 16.09 25.62 27.50 18. 18 1 1 . 10 7 . 1 1  

1 CKT ACTIVE AVE RAG E 158 0.43 0.89 2 . 65 3 .85 5 .92 9 .63 15.33 16.46 10.88 6 .64 4.25 

2 C I RCU IT W/ PEAK 264 0.19 0.58 3 .32 6.08 11.96 22.90 30.03 23.06 12. 10 6. 17 3.39 

2 CKTS ACTIVE AVE RAG E 158 0 . 1 1  0.35 1.99 3 . 64 7 .16 13 .71  17.97 13.80 7.24 3 .70 2.03 

ADJUSTABLE TABLE 

TAB LE 5 . 2-6. Ca lcu lated Magnetic F ie lds ( m i l l iga uss) fo r proposed double circuit 345 kV Tra nsm ission Li n e  Design s 

( 3 . 28 feet a bove gro u n d )  

STRUCTU R E  SYSTE M  C U R R ENT DISTANCE TO PROPOSED CENTE R L I N E S  

TYPE CO N DITION (AM PS) -300' -200' - 100' -75 ' -50' -25' O' 25' 50' 75' 100' 

! CI RC U IT PEAK 3434 . '10 10.28 21 .73 73. 12 113. 19 186.83 305.09 414. 90 387.18 233.14 132.57 81.44 

DE LTA CFG AVE RAG E 2513.19 7.48 15.91 53 .45 82.87 136.79 223.17 303.49 283 .29 170.67 97.03 59.65 

1 C I RCU IT PEAK 3434.70 1 1 . 19 25.63 92.63 144.41 236.40 357.13 332.41 208.68 128.28 83.40 57.51 

V E RT CFG AVE RAG E 2513 . 19 8.27 18.77 67.76 105 .78 172.90 261.34 243 . 2 1  152.70 93.85 6 1.08 41.99 

2 C IRCUIT W/ PEAK 3434."/0 9.24 19.26 57.64 83.66 128.67 209.33 333.32 357.78 236.53 144.41 92.50 

1 CKT ACTIV E  AVE RAGE 25 13. 19 6 .84 14. 16 42.15 6 1 . 24 94. 17 153.18 243. 84 261.82 173.06 105 . 62 67.60 

2 C I RC U IT W/ PEAK 3434.70 2.47 7.55 43.19 79.10 155 . 60 297.93 390. 70 300.02 157.42 80.27 44. 10 

2 CKTS ACTIVE AVERAG E 25 13. 19 1.75 5.57 3 1 . 65 57.90 113.89 2 18.08 285 . 84 219.51 115.16 58.85 32.29 

200' 300' 

1 . 65 0.72 

0.99 0.43 

1.48 0.71 

0.88 0.42 

1 .97 0.86 

1 . 18 0.52 

0.59 0.19 

0.35 0 . 1 2  

200' 300' 

21 .47 9.37 

15.75 6 .84 

19.26 9.24 

14.00 6.68 

25.63 11 .19  

18.77 8.27 

7 . 68 2.47 

5 .57 1 .91  

5/9/2014, 9 :55 AM 

MVA CALCU LATED FROM 

C U R R E NT I N  O R I G I NAL TABLE:  

345.00 kV 

264.00 Amps PEAK 

1.73 3 Phase 

P EAK CALC'D 

345.00 kV 

158.00 Amps AVE RAG E 

1 .73 3 Phase 

AVE RAG E CALC ' D  

E N T E R  MVA B E LOW TO 

ADJ UST CURRENT I N  TH E TA BLE :  

2050.00 MVA P EAK 

345.00 kV 

1.73 3 Phase 

PEAK CA LC'D 

1500 00 MVA AVE RAG E 

345.00 kV 

1 .73 3 Phase 

AV E RAG E CA LC'D 

985
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