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. o | FES Ex. 4

Duke Energy Ohio

Case No. 16-2586-EL-SSO

FES Third Sef Interrogatories
Date Received: December 13, 2010

FES-INT-03-022

REQUEST:

State the total number of customers to whom You currently provide distribution service.

RESPONSE:

The Company provides distribution service to 683,236 customers as of October 2010.

PERSON RESPONSIBLE: James E. Ziolkowski




Duke Energy Ohio

Case No, 10-2586-EL-SS50

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-023

REQUEST:

Of the number You identify in response to Interrogatory No. 22, state the number of
customers who are :

a) residential customers;
b) commercial customers; and
¢} industrial customers.

RESPONSE:

a) residential customers: 606,940
b) commercial customers: 67,532

¢) industrial customers: 2,262

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No. 10-2586-EL-SSO

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-024

REQUEST:

Of the number You identify in response fo Interrogatory No. 22, state the number of
customers who are served under each of Your rate classifications and/or tariffs.

RESPONSE:
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Note:

G5 is Rate GS-FL. SF is Rate SFL-ADPL. OR is Rate ORH. SO, S8, SX, and UO are
all Rate UOLS (one of the lighting rates). WS is water pumping special contract. All
other rates match the title of the tariff sheet.

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No. 10-2586-EL-SSO

FES Third Set Interrogatories
Date Received: December 185, 2010

FES-INT-03-025

REQUEST:

State the current average annual and monthly kilowatt hour (‘kWh™) usage for each of the
customer classes referenced in Interrogatory No. 23 and 24.

RESPONSE:

Attachment FES-INT-03-025 shows the kXWh, number of customers, and calculated kWh
per customer by month, rate, and customer class for each month of November 2009
through October 2010.

PERSON RESPONSIBLE: fames E. Ziotkowski
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Duke Energy Ohio

Case No. 10-2586-EL-SSO

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-026

REQUEST:

State the total number of customers to whom You currently provide distribution service
and who take generation service from a competitive retail ¢lectric service supplier.

RESPONSE:

As of October 2010, there are 181,948 Duke Energy Ohio distribution customers taking
service from a CRES provider.

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No. 10-2586-EL-SSO

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-027

REQUEST:

Of the number You identify in response to Interrogatory No, 26 state the number of
customers who are:

a) Residential customers;
b) Commercial customers; and

¢) Industrial customers.

RESPONSE:

a) Residential: 153,480
D) Commercial: 23,714
¢) Industrial; 1,212

There are also 2,732 OPA customers and 810 street lighting customers taking service
from a CRES provider.

PERSON RESPONSIBLE: James E. Ziolkowski



]

Duke Energy Ohio

Case No. 10-2586-EL-S80

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-029

REQUEST:

State the current average annual and monthly kWh usage for each of the customers
classes referenced in Ineterrogatory Nos. 27 and 28,

RESPONSE:
Please see Attachment FES-INT-03-029,

PERSON RESPONSIBLE: James E. Ziolkowski
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Duke Energy Ohio

Case No. 10-2586-EL-SSO

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-030

REQUEST:

State the total number of customers to whom You currently provide distribution service
and who take generation service pursuant to Your current Standard Service Offer.

RESPONSE:

As of October 2010, there are 501,288 customers taking generation service pursuant to
the Company's Standard Service Offer.

PERSON RESPONSIBLE: James E. Ziolkowski



REQUEST:

Duke Energy Ohio

Case No. 10-2586-EL-SS0

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-031

Of the number you identify in response to Interrogatory No. 30, state the number of

customers who are:
a} residential customers;
b) commercial customers; and

¢) industrial customers,

RESPONSE:
a) Residential: 453,460
b) Commercial; 43,818

c) Industrial: 1,050

There are also 912 OPA customers and 2,048 street lighting customers taking service

under the Company’s Standard Service Offer,

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No, 10-2586-EL-SSO

FES Third Set Interrogataories
Date Received: December 15, 2010

FES-INT-(3-032

REQUEST:

Of the number You identify in response to Interrogatory No. 30, state the number of
customers who are served under each of Your rate classifications andfor tariffs.

RESPONSE:

Bum o GUS TOMERD JGUSTOME R CLASS L]
AATE [x|Camnmeecial Industrial DFA Res ential Blreet Lighting JGrand Totad |
) ] 251

|« TR 24,408
DP 29
DS ) 7,842
EH 514!
GS
NS
oL 7 7 :
oR . ‘ 5
453,292

25,424

seB
coltB.8o

-

i_iS o . . 10,445? . . i
8¢
SE
sF
s
50
SX

of el

TL

u
WS - .
Grand Totsl 43.818- 1,050 e 453,450:

. Y
- =}
[=]

Note:

GS is Rate GS-FL. SF is Rate SFL-ADPL. OR is Rate ORH. S5O, 8§, SX, and UO are
all Rate UOLS (one of the lighting rates). WS is water pumping special contract. All
other rates match the title of the tariff sheet.

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No. 10-2586-EL-5SS0

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-033

REGUEST:

State the current average annual and monthly kWh usage for each of the customers
classes referenced in Interrogatory Nos. 31 and 32,

RESPONSE:
Please see Attachment FES-INT-03-033.

PERSON RESPONSIBLE: James E. Ziolkowski
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Duke Energy Ohio

Case No. 10-2586-EL-SSO

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-034

REQUEST:

State the total number of customers to whom You project You will provide distribution
service for each year of the first five years of the proposed MRQ.,

RESPONSE:

This information is not available, however, the Company does not expect the number of
distribution customers to materially change from current levels.

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No. 10-2386-EL-SSO

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-035

REQUEST:

Of the number You identify in response to Interrogatory No. 34, state the projected
number of customers who will be:

a) residential customers;
b) commercial customers; and

¢) industrial customers.

RESPONSE:

Please see the response to FES-INT-03-034,

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No. 10-2586-EL-S80

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-036

REQUEST:

Of the number You identify in response to Interrogatory No. 34, state the projecied
number of customers who will be served under each of Your rate classifications and/or
tariffs.

RESPONSE:

Please see the response to FES-INT-03-034.

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No. 10-2586-EL-SSO

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-037

REQUEST:

State the projected average annual and monthly kWh usage for each of the customer
classes referenced in Interrogatory Nos. 35 and 36.

RESPONSE:

Please see the response to FES-INT-03-034,

PERSON RESPONSIBLE: James F. Ziolkowski



Duke Energy Ohio

Case No. 10-2586-EL-SS0O

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-038

REQUEST:

Of the total number of customers You identify in response to Interrogatory No. 34, state
the number of such customers who You project will take generation service from a
competitive retail electric service supplier for each year of the first five years of the
proposed MRO.

RESPONSE:

Please see the response to FES-INT-03-034,

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No, 10-2586-EL-S50

FES Third Set Interrogatories
Date Received: December 18, 2010

FES-INT-03-039

REQUEST:

Of the number You identify in response to Interrogatory No. 38, state the projected
number of customers who will be:

a) residential customers;
b) commercial customers; and

¢) industrial customers.

RESPONSE:

Please see the response to FES-INT-03-034.

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No. 10-2586-EL-SSO

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-040

REQUEST:

Of the number You identify in response to Inierrogatory No. 38, state the projected
number of customers who will be served under each of Your rate classifications and/or
tariffs.

RESPONSE:

Please see the response to FES-INT-03-034.

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No. 10-2586-EL-SS0O

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-041

REQUEST:

State the projected average annual and monthly kXWh usage for each of the customer
classes referenced in Interrogatory Nos. 39 and 40.

RESPONSE;
Please see the response to FES-INT-03-034.

PERSON RESPONSIBLE: James E. Ziclkowski



Duke Energy Ohio

Case No, 10-2586-EL-580

FES Third Set [nterrogatories
Date Received: December 15, 2010

FES-INT-03-042

REQUEST:

Of the total number of customers You identify in response to Interrogatory No. 34, state
the number of such customers who You project will take generation service pursuant to
the proposed MRO for each year of the first five years of the proposed MRO,

RESPONSE:

Please see the response to FES-INT-03-034,

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No. 10-2586-EL-SSO

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-043

REQUEST:

Of the number You identify in response to Interrogatory No. 42, state the projected
number of customers who will be:

a) residential customers;
b) commercial customers; and

¢) industrial customers.

RESPONSE:
Please see the response to FES-INT-03-034.

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No. 10-2586-EL-SS0O

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-044

REQUEST:

Of the number You identify in response to Interrogatory No. 42, state the projected
number of customers who will be served under each of Your rate classifications and/or
tariffs.

RESPONSE:

Please see the response to FES-INT-03-034.

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No. 10-2586-EL-SSO

FES Third Set Interrogatories
Date Received: December 15, 2010

FES-INT-03-045

REQUEST:;

State the projected average annual and monthly kWh usage for each of the customer
classes referenced in Interrogatory Nos. 43 and 44.

RESPONSE:

Please see the response to FES-INT-03-034.

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No. 10-2586-EL-SSO

FES Third Set Production of Documents
Date Received: December 15, 2010

FES-POD-03-016

REQUEST:
All Documents You identified in response to the foregoing Interrogatories.
RESPONSE:

The responses provided to FES-INT-03-022 through FES-INT-03-033 are tabulations of
billing data obtained from the Company’s bill and revenue reporting system. There are
no documents or additional data to be provided other than the tables are attachments that
appear or are referenced in those responses.

PERSON RESPONSIBLE: James E. Ziolkowski


http://CaseNo.10-25S6-EL.SSO

Duke Energy Ohio

Case No. 10-2586-EL-SSO

FES Third Set Production of Documents
Date Received: December 15, 2010

FES-POD-03-017

REQUEST:

All Documents You relied on in generating Your responses to the foregoing
Interrogatories.

RESPONSE:
Please see the response to FES-POD-03-016.

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No, 10-2586-EL-SSO

FES Third Set Production of Decuments
Date Received: December 15, 2010

FES-POD-03-018

REQUEST:
All documents that reflect, relate or refer to projections, forecasts, estimates or
calculations of the number of customers to whom You will provide distribution service

and who will take generation service from a competitive retail electric service provider
during the first five years of the proposed MRO,

RESPONSE:

There are no responsive documents.

PERSON RESPONSIBLE: James E. Ziolkowski



Duke Energy Ohio

Case No. 10-2586-EL-SSO

FES Third Set Production of Documents
Date Received: December 15, 2010

FES-POD-03-019

REQUEST:

All documents that reflect, relate or refer to projections, forecasts, estimates or
calculations of the number of customers to whom You will provide distribution service
and who will take generation service pursuant to the proposed MRO during the first five
years of the proposed MRO.

RESPONSE:

There are no responsive documents,

PERSON RESPONSIBLE: James E. Ziolkowski
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1 Study Overview

Renewsble Portiolio Standards (RPS) passed by most Midwest 1ISO member states mandate mesting
significant percentages of fotal siectrical energy with renewabls energy resources. To dsvelop
wmmummmmwmmmmwmmdmm
lowest delivered dollar psr MWh cost, Midwest ISO, with the assistance of state reguigtors and industry
stakehoiders, conducted the Regional Generator Outiet Study (RGOS).

1.1 RGOS Results Summary

During inilisl RGOS phases, analysis showed locating wind zones in a distributed manner throughout the
system—as opposad lo only locating the wind local to load or regionally where the best wind resources
are located—results in a set of least-cost wind zones that heip 0 reduce the deiversd doliar per MWh
cost neaded to meet renewable energy requiraments. From this eartier work, a combination of local and
WMmmmmwthmmemw
Initistive (UMTDI). Further solidifying the validity of this methodology, the Midwest Governors' Association
affirmed the methad empicyed selecting these wind zones as the best approach to wind zons selection.

* RGOS determined the best M solution to be a transmission overley encompassing all
Midwest ISO states, premised on a distribuled set of wind zones, sach with varying capacity

factors and distances from load.
Raosmmmmhmmmdmmummwmmum
wind from the designated 2ones: (1) & Native Voltage overiay that does not introduce new voltages such

unwmmmmdonmmmmamwmmuummam
KV transmission throughout the study foolprint; and (3) Native Voltage with DC fransmission that sflows
for the expansion of DC technology within the study footprint.
* Al three (3) tranemission expansion scenarios meet respective state Renewabls Portfolio
Standards (RPS) requirements within the Midwest ISO footprint.

* The addition of renewsbile anergy zones with the transmission ovariays reduced the Midwest iSO
load-weighted LMP betwean $4.30 (0 $4.00MWh (2010 USD).

* The thrae (3) ranamission overiay plans represent potential invesiment of 3188 to $22B In
zo1ous%1wmmmzommmammmmd
8,400-8.000 miles.

* Tolal cost for the transmission overiays range from $10/MWh to $25MWh. The cost of the wind
generation is an additonal $72/MWh. However, the overlays and generation aiso produce
Adjusted Production Cost (APC) savinga of $41/MWh o $43/MWh within the Midwest ISO
foolprint, creating & net coet of $40/MWh to S54/MWh. This cost does not inciude the value
associated with an additional S20MWh to $22/MWh of APC savings which would accrue to the
rast of the Eastern Interconnect as the result of the RGOS transmission overiays and generstion.

» Analyses of these three (3) transmission pisn alternatives through the RGOS study, along with
additional anslytics performed within Midwest ISO planning processes, have identified a sub-set
qualilying as inputs into the Candidate Muti-Value Project (MVP) portiolio analysis.

Bacause of RGOS, Midwest ISO has idantified the next, most immediate step to transmission investment:
a set of robust Candidate MVPs designed to address current renewable snergy mandstes snd the
regional refiabilily needs of its members. Viable for near-term development, thesa projects

sssa(zowuso)dmpuhmmnmﬂmmsumhunmmommmm
remainder in PJM. Thesa Candidste MVPs wil sarve ss inpuls into the 2011 Candidats MVP Portfolic
analysis, the first of a cyciical sst of MVP Portiolio analyses which will propose and svaluate transmission
o mest a changing policy landscaps. Whils none of the cverlay scenarios—Native Voltage, 765 kV,
Native Voitage with DC—has emerged as the definitive renewabls energy transimission solution, it is
important to note all selected Candidate MVPs are compatibie with all three (3) transmission plans.
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1.2 Long-term Transmission Strategies

All three (3) transmission plans were developed to provide reliable delivery of tha RPS-identified levels of
renswable energy. Reliable delivery assumptions are discussed within Section § and focus on
transmission system conatraints 200 kV and higher. Refer to Figure 1.2-1. The study region consists of
Midwest ISO and neighboring facilittes including MAPP, Commonweaith Edison, and American
Elactric Power.

o i gl

]

Figure 1.2-1: RGOS Study Footprint

Because RGOS transmission plans impact MAPP and PJM sysiems, references to thess neighboring
systems are made whenever RGOS is discwesed, the result of necessary assumptions regarding
planning practices and strategic assesament. For example, & 765 kV grid logically connects into an
slready existing 765 backbone on the PJM sysiam, but PJM references are not yel indicative of any
projects in the PJM Regional Transmission Expansion Plan. Evalustion of averlays moving forward will
WMMMMMWMMPMW.W.

1.2.1 Transmission Expansion Drivers

The Midwest ISO region obsarvad two significant drivers for transmission expansion: (1) state RPS
mandates; and (2) associated generation in the Midwest ISO Generstion Interconnection Queue (GIQ).
For more detalled information regarding state RPS mandales and goals, refer to section 3 and
Appendix 2 of this document. The second major driver for transmission axpansion is the Midwast ISO
Generation Interconnection Queue (GIQ), which—as of the end of July 2010—held approximately
64,500 MWs of wind requests. After careful examination of the inherenlly complex issuss involved,
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1.2.2 Indicative Zone Selection Rationale

Several different generation siting options were analyzed during previous phases of RGOS, This analysis
focused on the relative benefits of local generation, which
delivered to major load ceniers, and regional genaration, which can be located whera wind energy
strongest. A lotal of fouteen (14) generation siting options were developed, with options ranging from
purely local generation siting, purely reglonal generation siting, or a combination of local and regional
generation siting. Transmission overiays were then developed with Transmission Owners (TOs)
high-level, indicative basis for each generation option. Capitsl costs for each

option and its associated high-level ransmission overiay were calculated and plotted against each
to determine the relative cost of each generation siting approach. Refer to Figure 1.2-2.

Saa000

i
£
]
é

é

]

;

Total Genaration and Transmission Costs [$M)
i

Figure 1.2-2: Zone Scenario Generation and Transmisslon Coat Comparison

it was determined the least cost approach o generation siting is a methodology containing a combination
of local and regional wind generation locations, as shown by the white area on Figure 1.2-2. This wes the
approach affirmed by the Midwest Govemors’ Asaaciation as the best approach 1o wind zone selection.

For greater detail regarding the indicalive tranamission results, design, and optimization, refer to sections
4.1,1, 5.1, and Appendix 3 of this document. Also refer to section 9.1 of the Midwest ISO Transmission
Expansion Plan (MTEP) 2008, which more fully describes the rationale driving zone scenario genaration.
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1.2.3 Comparative Analysis

During the study process, the RGOS group focusad on the development of three (3) transmission
expansion scenarics mentioned in the previous section: (1) a Native Voltage overiay that does nat
introduce new of voitages in the area; (2) a 768 kV overlay allowing the introduction of 7685 kV
transmission throughout the study footprint; and (3) Native Voltage with DG transmission that aliows for
the expansion of OC tachnology within the study footprint. Refer i0 Table 1.2-1, which deacribes the
physical characteristics of the three (3) overlay acanarios. it shows how the number of new lines, total line
miles, acres of fight-of-way, river , and substations differ betwean scenarios. it alsa breaks down
mmmmphuwmmdumso PJM, and Total study footprint. JointDC

AC and DC transmission projects that may constitute shared costs between Midwest 1ISO and PJM.

The data reveais, for example, that tha Nalive Voitage scenario requires more new lines, more line miles,
andm:'uﬁ;*mmm than the 765 kV overiay for the total study footprint but does, however, requira less
acres .

Table 1.2-1: Summary of RGOS Overiay Physical infrastructure

2ot New Lines  Lone Wilns Acres of =i

Crvecrlay Frorsnew

Total 12 8,708 120,837 7 724
Midwasl ISO 107 5938 109,248 7 119
Native

PN 13 685 13197 L] 20

Joln/DC 2 173 4,192 0 0
Totad ) 6412 13,412 7 124

Midwest ISO 89 5,020 104582 7 94

768

PIM 17 1.047 2300 ] 30

JOint’DC 4 330 8,139 0 0
Total 13 2,003 150,084 7 132

Midwest IS0 88 5,340 100,917 7 101

Nalive DG

P 7 830 18,289 0 21

Joint/DC 1 1,857 32,887 0 10

*memmmahnm:mmm;mmmwmmmwﬁmmu
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Refer to Table 1.2-2, which deacribes tha costs to build new transmission and generation for the three (3)
overiay scenarion. Tranamission costs were calculated by multiplying line mileage by cost per mile, with
cost per mile differentisled by state. Thess calculations aiso included substations, transformers, and
reisted infrastructure. Construction cost astimates also attempted to include the reguiatory pemmitting
process. The table categorizes these factors by Native Voitage, 785 kV, and Native Voltage with DC
scenarios, as well as Midwest ISO, PJM, and Joint/DC geographies.

Based on these faclors, RGOS produced total overlay estimates of $16.3 bilion (2010 USD) for the
Native Voltage system, $20.2 bitlion for 765 kV, and $21.9 biftion for the Native Voitage with DC scenario
for the RGOS study foolprint,

Generation cosis were caiculated by multiplying the lotal amount of RPS required MW by construction
Mmﬂﬁumﬂlmpuw.mm&mi bilion (2010 USD), does not vary
BCONANOY.

Table 1.2-2: 2010 Cost Summary - Construction {2010 USD In Miilions)

Categury Gurogrepbng Paryiew MLt v Wl

P $15,318 $17,560 $15,501

JointiDC* 3484 $956 98,744
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Refer to Tabis 1.2-3, which dascribes 2010 Levelized Annual Costs, which are the total revenue
requirements (2010 USD) for the three (3) scenarios. Revenue requiremants refer to the total annualized
coats for the new transmission and generation. These levelized annual costs are determined through
application of proxy Attachmant O of the Midwest 1ISO FERC tariff. Table 1.2-3 breaks thess factors down
by Native Voitage, 765 kv, and Native Voltage with DC (Native DC) scenarios, and Midweat ISO, PJM,
and Joint/DC geographies.

RGOS found total study footprint annual levelized costs vary between $1.7 billion per year for Native
Vollago“ , 10 $2.1 for 765 kV, to $2.2 for Native Voltage with DC (Native DC), with generation annual costs
at $4.9 bilion.

Table 1.2-3: Cost Summary - 2010 Levelized Annual Costa***

Geographes Purvinw Natiew Yoltage

Midweat 1ISO $1.410 $1,537 $1,304
Transmission
PIM $200 $424 $227
JoinDC* $57 $102 $558
Total ' $6,3%4 $6,334 $5,3%4
Ganeration
PM ‘1 |m s‘ |m ‘1 .m
Join/DC* s-  $- $-
Total 3,019 88,307 $8,521
Midwest ISO 36.351 36,400 $8,230
Totsl
PJM $1.612 $1,828 $1,830
JointDC* 357 $102 $558
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Table 1.2-4 describes 2010 Annual Costs $MWh, which takes total costs from Table 1.2-3 and presents
total costs as a per MWh value. This caiculation is based on 88.6 TWh of energy delivered from
renewable energy zones. Table 1.2-4 describea transmission and generation costs for the modasied
RGOS renewable wind zone anergy.

Seuyraphn Furmaews Nater Ve ltace

Tolal 2 L7/ (77 ]
Midwest ISO $56 $56 $56
Gemneration

PM 516 516 $16

JointDC* %0 S0 S0

Total 9 $95 $9%

Midwest ISO 72 N $70

Tota)

PM $18 s s$18

Joint/OC* $1 $1 7

* JoinWDC represents AC and DC ranemission projecis that may consiiiule shered coste betwean Midwest 150 and PJM. Nole, 0o,
thame Is one AC project: the Plonser 763 kV project in indiane. The rest represent OC prolecs. -

* Transmission cosls include na snd substation cost sslimales

2 | evelized annusi costy delermined through application of proxy Atlachmant O caiculetion 10 determing sl revents

=+ Caiculation based on energy delivared from ranewsbis snergy zones: 58.6 TWh feach overisy efiactively delivensd the same
amount of energy)




Adding wind to the system reduces energy costs. This benefit is captured through the adiusted production
cost Calculated by dividing tolal production cost savings by total MWh. Refer to .

describes regional psr MWh acjusted production savings based on 38.8 TWh of RGOS wind zone
delivered energy. Adjusted coet savings within the Midwest SO footprint for Native Voltage, 765 kV, and
Native Voltage with DC (Native DC) scenarios would be $41/MwWh, $43MWh, and $43/MWh

(2010 USD), respectively.
| Tabie 1.2-8: 2010 Adjusted Production Cost (APC) Savings ($/MWh)

Native Volage Mative DO

Midweat ISOMAPPPJN $62 $63 563

Esstern inferconnect $62 563 563

Table 1.2-8 summarizes net cost. Subtracting 2010 MWh Adjusted Production Cost (APC) banefits from
2010 installed costs results in the following net costs per MWh of delivered RGOS wind zone snergy.

Table 1.2-8: 2010 Net Total Cost Summary ($A\Wh)

Widwest 180 $49 $52 $54
Midwest ISOMAPP $35 $37 $39
Midwast ISOMAPP/PIM 529 $32 $33
Eagtern Interconnact $29 $32 $33

When analyzing the information presentad in Tablas 1.2-1-1.2-4, it Is important to note while overall
metrics show some disparity among plans, tha Native Voltage and 785 kV overiays are very similsr when
looking solely at Midwest 150-only impacts. It is more problematic, however, when compering either of
these two (2) overiays fo the Native Voltage with DC option since DC transmission costs are not
as solely Midwest ISO or solely PJM because the lines start in one system and terminete in

i
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1.2.4 Native Voltage Overlay

The Native Voltage solution focuses on transmission development that does not introduce a new voltage
class within areas. This means areas with 345 KV transmission as the native Extra High Voitage (EHV)
transmission must be limited to a maximum of 345 kV transmission for infrastruchure axpansion.
Howevar, thosa aress with exising 763 transmission would be v
infrastructure. Refer to Figure 1.2-3, which depicls the Native Voliage transmission solution meeting the
RGOS design criteria. For a large (42 In. x 38 in.), detalled version of the Native Voltage overiay, refer to
Appendix 10, attached.

ke

L) A ..‘. Y h]
Figure 1.2-3: Native Voltage Transmission Overiay Strategy

As currently designad, the Native Voitage transmission overiay has the lowest construciion cost. Although
Native Voliage has more line miles than the 785 kV overiay, it recuires fewer acres of right-of-way. When
cansidering Midwast 1SO alone, athough the economic metrics of the Native Voltage overlay may not be
as atiractive as the metrics for the 785 kV overlay, Native Voltage requires aboul $1,200M less in capital
investment to consinuct. The Native Voltage plan, like tha o other tranamission overiays, achieves the
reliability objectives of the study. Howaver, this plan doea not extend as far south as the other two plans.
This is part of the reason the other pians have higher consiruction/capital costs. '

The Native Voitage sirstegy doss have soma risks and benefits. If renswable energy mandates are

increasad within the study footprint, or if there is an increased need for exports, additional ransmission
may need to be consiructed. This would likely requive additionsl right-of-way and more miles of
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1.2.5 765 kV Overlay

The 765 kV solution emphasizes the development of transmission that introduces a new voltage class to
much of the RGOS footprint. Figure 1.2-4 depicts the 785 kV tranamisaion solution meeting RGOS design
criterie. For & large (42 in. x 38 in.), detailad version of the 7685 kV avertay, refer to Appendix 10, attached.
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right-of-way needad for 788 kV transmission. Howaver, in the Midwest ISO portion of the overiay, the
comparison of transmission cosis, mileage, and acreage may favor the 785 kV plan.

achievable without cooperation among the transmission siratagies of 'wo RTO regions; e.g.,
investment in 765 kV construction within Midwest ISO may be more heavily dependent upon the
investment of the 765 KV grid within the western PJM region than the Native Voitage overiay. Proper

Adopling & 765 kV sirstegy does, however, offer a number of benafits. For example, the 785 kV overiay
demonsirates the need for lass miles of transmission than the miles of transmission required by Nalive
Valtage to daliver the same amount of renewable anergy. if wind development in the region continues to
increass over the future~and it is reasonable to expect this would be a continuing frend—the 788 kV
overiay Wil reduce the amount of environmental impact caused by transmission construction. Aithough
the currant 765 KV plan haa the potential o create better interconnection access 1o areas to the south and
Southeast of Midwest 1SO, additional refinement of the 765 kV plan that results in the same

footprint access as the current Native Voltage design could further reduce the ine milsage of the strategy
while ai30 reducing total costs.
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1.2.6 Native Voltage with DC Overlay

The Native Voliage with OC solution focusas on the development of transmission that introduces a new
voltage class to much of the RGOS study footprint Figure 1.2-5 shows the Native Voitage with DC
transmission solution that meets RGOS design criteria. For a large (42 in. x 36 in.), detailed version of the

Native Voitage with DC overlay, refer to Appendix 10, aitached.
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Figure 1.2-5: Native Voltags with DC Transmission Overiay Strategy
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1.3 RGOS Candidate Multi-Value Projects

Although RGOS focused on the development of hollstic systam solutions meeting long-term needs for the
integration of renewable resources into the transmission aystem, it is important to identify an inltial group
of projects that are compatible with the three overiays that provide a practical first step towards meeting
the renewable resource requirements. Midwest ISO staff has developed an anaiytical framework to
identify the best potential transmission projects. These RGOS-identified projecis will require more
detailed analysis. Because a Midwest ISO long-range franamission expansion strategy has not yet besn
determined and was not within the scope of RGOS analysis, it is importam Candidate Muli-Value
Mm(M)mmmmmm«enlsowmbdmmmmom
Candidate MVPs prove compatible with all potential strategies.

" Refer to the Vann diagram In Figure 1.3-1 conceptuaiizing RGOS Candidate Muit-Vaiue
Project (MVP) selection.

Figure 1.3-1: Candidate MVP Strategy Development Vann Diagram



1.3.1 Identifying RGOS Candidate Multi-Value Projects

The RGOS inputs into the Candidate Multi-Vailue Projacts (MVPs) portiolio were identifiad by means of
the steps outlined below. Please note other studies were considared in collecting the final Candidate MVP
portfolio; not all projects in that portfolio are derived from the RGOS study effort. For greater detail
regarding the steps comprising the Candidate MVP identification process, refer to section 7 of this
document. For a summary of the future ramifications of Candidate MVP portfolio Identification, refer
ta section 8.

s Step 1: ldentify useful corridors common to multiple Midwest ISO studisa.
» Step 2: identiy RPS tming needs and synchronize with generation interconnection

» Step 3: Evaluate constructability of transmission.

An inilal sel of transmission projects was identifled using the inspection stepa fisted above. These
transmission projects served as an input into tha overall Candidate MVP portfolio described in
saction 7.1. The selected Candidate MVPs are compatible with RGOS-developed overlays and provide
potantisi value for other needs identifled within tha fransmission system. Refer 10 Figure 1.3-2, which
depicts Candidate MVPs from the RGOS analysis. Estimated cost for this RGOS Candidate MVP set is
approximately $5.3 Billion, with $4.4 billion of that amount within Midwest SO borders.

Figun 1.3-2: RGOS-Idontllad Candidats Muiti-Valua Projects
(Midwest 1ISO and PJM Lines Shown)
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The numbered list shown in Table 1.3-1, below, corresponda to the Candidate MVP identifiers depicted in
Figure 1.3-2 on the previous page.

Table 1.3-2: Candidate Multi-Value Projects

Estirated s Galled Cost

Ce date MY . -
Ndidate MVE (2070 USD m emilions)

1 | Big Stone to Brookings 345 kV line 150
2 | Brookings to Twin Citiss 345 kV line 700
: Wmnmmwwwmmnm 600
4 | Grean 1o Gantins 345 W gy Sl Dubi o Sping o1
§ | Sheidon to Wabsier to Hazieton 345 kV ine 458
¢ | Otturwa to Adair to Thomas Hill, Adair to Paimyra 345 kV lines 206
7 | Paimyra 1o Mersdosia to Pawnee, ipsva to Meredosia 345 kV lines 345
8 | Sultvan to Meadow Lake to Gresntown to Blue Creek 765 LV iine 808
® [ Colline to Kewsnae to Pontiac to Meadow Lake 785 kV ine 084
. 10 | Michigan Thumb 348 KV tranamission loop 510
11 | Davis Besse to Beaver 345 kV line n

The RGOS effort encompassed not only Midwest ISO but also immediabe neighbors within PJM. This
broadening of the study foolprint resulted in development of transmission overays that also include
transmission within the PJM footprint. However, for purposes of Candidate Multi Value Project (MVP)
evaluation, only Midwest ISO projects are included.
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1.4 RGOS Results Summary

RGOS provides indusiry stakeholders and policy makers with a regional planning perspective identifying
potential invesiment opportunities and demonstrating the integration of renewable snaergy policies into
electrical system development. The purpose of RGOS has besn 10 explore long-term transmission
strategies ensuring study defined reliability objectives in defivery of renewable energy as well as RPS
compliance. Aside from developmental considerations and reguiatory concems, determining & long-term
transmission expansicn sitrategy also serves to frame and define near-lerm neads. With these factors in
mind, RGOS coniributors considered the following when formulating viable long-term
transmission strategies:
» Performance: Does the proposad strategy perform well under a variety of future scenarios?

* Developmental Considerations: Noting many of the more reiiable wind resources reside far
from large slectrical load centers and lack adequale long-distance transmission lines, what is the
expectation for further long-term development of wind resources within Midwest ISO?

. Tln-cmmmnnalhlmldm long-iarm sirategy decision be deferred long enough
fo aliow continued testing of important assumptions without jeopardizing legal requirements and
renawable investment or risking the potential for stranded invesiment?

The best fit solution is a transmission overay encompassing all Midwest ISO states, premised on a
mmmwdmmmmmmmwm
load.

No consensus exisis regarding the amourt of renewsble generation
ullimalely needed 0 comply with cument and future RPS mandates.
Predictions vary. Some assert a much higher level of wind gensration will be
requiced than those included in RGOS analyses whils others, squally
confident, claim & lowsr amount. Regardiess of tha long-term uncerisinly

engendered by expansion or reduction of renewabls energy standards, states within the Midwest ISO
system will nead new tranamission (o mest cument and near-larm renewable anergy requirements, to
ansure relisble operation of the transmiasion grid, and to facilliate the generation interconnectian queus
process. Midwest ISO will conlinue to work with policy makaers and indusiry stakshoiders to determine e
sirategy for trenamission devaiopment within the footprint.

Because of RGOS, Midwest ISO has identified the next, most immediate step to transmission investment:
a sat of robust Candidate Mulli-Value Projecis (MVPs) mesting current renewable snargy mandates and
tha regional reliabiiity nseds of its members.
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2 Scope

2.1 Stakeholder Study Participation

Stakeholders reviewed and contributed to RGOS throughout the study process. A Technical Review
Group (TRG), composad of regulators, transmission owners, renewable energy developsrs, and market
participants, met monthly with Midwest ISO engineers to provide input, fsedback, and guidance.
Composed of a smaller group of experienced transmission enginears, a Design Subteam (DST) met
bi-weekly to review detailed resuits. RGOS reported reguiarly to the Midwest (SO Planning Advisory
Committes (PAC) and Planning Subcommittes (PSC). RGOS transmission planners also conferred with
the Upper Midwest Transmission Develcpment Iniliative (UMTDI), a group of Governor-appointed
representatives from Wisconsin, lows, Minnesota, South Dakots, and North Dakots. :

2.2 Stakeholder Survey Results

in 2008, at the onset of Phase | of the RGOS study, a stakeholder survey was completed for the stales of
liinois, lowa, Minnesota, and Wisconsin, The pupose of the survey was (0 determine the renewable
energy requirements; i.e., the Renewables Portfolio Standards (RPS), of the various Load Serving
Entiliu(LSEs)hﬂnum The results were published in the RGOS Phese | Executive Summary
Report'. Likewise, anolher survey was parformed during the summer 2009 1o update RGOS Phase )
information and to gather LSE renewable requirements from the remaining Midwest ISO stales. The surveys
also included the PJM members Commonwealth Edison (CE) and American Electric Power (AEP).

This inquiry sought detailed information regarding the plan of each company to meet the requirements of
their parficular RPS or goal. Each Stata also recaivad s strvey for their parspective. The aurvey reaulls
provided specific and current information on the RPS and wind assumptions within the RGOS study area,
such as the following:

* |deniilying the RPS mandates and raspective plans by each LSE, by sisle

» Determining how and to what extent sach LSE intends to utiiize wind genaration to meet its RPS

«  Caiculaling the energy projections of each LSE for each year under its RPS

The information obtained from these surveys was vital in determining the amount of renewsble energy
and capacity o study. Not all the LSE’s responded fo the survey resulting in some data being determined
through a similar survey by the Organization of Midwest States (OMS) Cost Allocation and Regional
Planning (CARP) Working Group.

' RGOS Phase | Executive Summary Report
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Table 3.2-1 below summarizes the results of the RGOS survey, identifying total and renewable
anugyroqmroments.oﬁsﬁngaﬂplnmndmeunﬂaen«gy.mdhnelmbheqmityfazaz?.
Table 3.2-1 also identfies the amount (in percent) of sach stales RPS expected to be served by wind
anergy. The Total Energy Required’ column is the nat requirement after applying the “% of RPS by Wind®
percentages. As can be ssen in Table 3.2-1, some stales have more existing renswable energy than
mMMWWrMMaw;Wmmmwmmu
requirements of the reapactive atate in which thesa renewables criginate; thus, an exceas of existing wind
in one state was not counted towards the requirsments in anocther state. in lowa, for example, & was not
fully known whera an excess of that stale’s exdsting renewable enargy is being supplied. Confining source
toshtnalsoredmadheddmfdoubhoomﬂmﬂmLSEiauﬂmmoﬂumulrmwm
some of its renewable energy from another state.

Table 2.2-1. RGOS Survey Results
GERPS by Wi ij‘.;:x‘:;‘ill.‘:_,‘; ‘j'.;‘rlh ; ay aL mr‘il 11 \;n ) m; l\ ;:jﬂij!r‘;':!s c‘fil ,:‘ ?I"..;';'u-’:
1A
[ 8
N . . 2203 - 1,000
" 2% 7,884 s 7519 3,180
MN o5% 2.7 9.029 15.887 3,878
MO 0% LR 430 6,152 1,000
MT - - - 400
OM 100% 2,244 3 8240 5078
w 83% 14,830 1,850 1281 2328
ND - 1483 4752 - 2,228
sD - 1204 a2 088 22
Totel - 0,138 0216 AN 2328
RTO
Midwest 18O - Te.7u7 268 62,020 21,582
PN - : 20420 1,080 19378 0,743
Note the following:

* “Existing & Planned" refers to wind farms or ofher qualifying renewabla energy source currently in
oparstion or hoiding a signed Generstor Interconnection Agreement.

=  The Wiaconsin RPS Is 10% of energy served from renawable; however, it has been adjusted to
25% per diraction from the State of Wisconsin.

s Several sources were considered in order to determine the most up-to-date levels of Existing and
WMWWMMMWMMWLSEW
Midwest |SO Operations dats, and data compiled from the SMARTransmission® siudy.
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2.3 Wind Zone Development

A key assumption of the RGOS study has been the amount and location of wind energy zones maodeied
within the study footprint. Wind energy zone development was basad on stakeholder survays focusing on
emwhdmmbhwmﬁ:uwhmnmmmrnwmud\dmdmaﬁscmwm
mel with wind generation.

During RGOS | and RGOS Il wind zone development, Midwest ISO staff provided for consideration
multiple anergy zone configurations that met renewable anergy raquirements. In this process, study
participants identified capital costs associated with generation capacity as well as capital costs associsted
with indicative transmission that would heip deliver the energy to the system. In both RGOS | and Il
efforts, the most expensive snergy delivery options were those options relying solely on the best regional
Mndsoumm(uﬁmmmdmm»udoﬂwmme solely on the
best local wind source areas {with higher amounts of generation capital recquired). -

As a result of RGOS | and RGOS Il zone development efforts as well as interaction with reguistory bodies
such as the Upper Midwest Transmission Development initiative (UMTDI) and various siate agencies
within Midwest S0, a sat of renewable anergy zones was selected. These zones represent the intention
of state governments to source some renewabis energy locally while also using the higher wind potential
areas within the Midwest ISO market foolprint. Zone selection was based on a number of potential
locations developsd by the Midwest ISO utiizing mascacaie wind dala supplisd by the National
Renewable Energy Laboralory (NREL) of the US Depariment of Energy. Wind zones disiributed across
the ragion (1) reflecting local development irends and requirements; or (2) accupying the best regional
wind locations, results in a set of distributed wind zones best balancing renewable energy requirements
and overall system costs.

Refer to Figure 2.3-1, mmmmmamwmmbhmzmw
Table 2.3-2, mmmmummmmwmmm

Figure 2.3-1: Renswable Energy Zone anaﬁonl
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Table 2.3-1: Renewable Energy Zone Information (UMTDI Zone Selection B)

Erivay

oF Mameplate W) Jntpul

(GWh)
A-8 A 0.2568 ns 2488 MN-L MM | 0.349 L 2%
IA-F 1] 0.262 778 2458 ND-G ND 0.424 e 21
IA-G A 0.354 758 2403 ND-K ND 0373 78 2532
A-H 1A 0367 TS 2492 ND-M ND 0.289 78 2437
W A 0.358 ™ un 8D-H SD | 0384 T7e 2807
A= A o.aar e 220 SDJ 50 | 0407 78 7
MN-B N 029 ™ 2888 SD-L 50 0.0 78 e
MN-E MN 0.a82 L8 ) 255 w-s w 0.200 778 1808
MM-H | MN | 0263 178 2408 WD W | 023 T Hwat
MN-K MN | 0.3 ™ o] W-F W 0278 75 1874

Table 2.3-2: Renewable Energy Zone Information (non-UMTDI Zone Selections)

Ereregy
Coatyut
WY

Frreryy
Mamrphife Ty

Nareaol e K Ciuitput

{OWHY

MW

LA i 0310 550 1494 M- M | 0260 350 704
L8 '3 0208 650 143 MOA | mO | 0ase 500 1508
rF (% 0.300 550 1448 MoCc | mo | 03 500 1448
LK .3 0.262 550 1214 MT-A MT | 0432 400 1814
NE [ N [ 0311 500 1262 OHA | OH | 0272 28 172y
NK | N | o2et 500 1218 OH-B oH | oan 728 }ral
WA | M| ozes 300 64 OH-C oH | 0200 T28 1773
e | W | o2 200 1200 oHD | oM | 0282 728 1600
Mmc | | o200 200 1308 OHE o4 | 0208 728 1820
Mo | M | ozet 500 21 OHF OH | 02m 726 1705
ME | M | 0272 800 19 o OH | 0407 728 2608
WF | | 0270 500 150
The capacity factors used in Table 2.3-1 and Table 2.3-2 are weighted capacity factors (CFe) developad
a8 part of RGOS Phase | analysis. For further information regarding CF calculations, refer to section 9 of
MTEPO® and the RGOS Phass | Exscutive Summary Report in selecting renswable energy zones, 8
general methodology was used:
1. UMTO! B zones from the RGOS Phase | were used for the western foolprint to meet
local naads.
2. Michigan would meet all of its energy needs within the state of Michigan in accordance with
state legisiation.
3. Ohio, Missour, and Ilinois would mest 50% of their needs with respective in-state resources o
reflect state legisiation and the desire for local development.
4. UMTDI group B zones, Montana, and indiana were used to meet the remaining renewable anergy
neads of Ohio, Missourl, and Ninols.
5. Target energy from renewable energy zones was 81,408 GWh.
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2.4 Study Methodology

There were three (3) primary steps utillzed in the development of the transmission overiays. These steps
Inciude bath production cost and Power Flow analysis, with sach technique providing its own value to the
procass. The staring peint of this analysis was the indicative transmission developed during RGOS
Phase | and Phase !l studies in 2008 and 2008. For more information regarding this development
process, again refer to MTEPOS raport, Section 8.

24.1 Production Cost Analysis

Power Flow reliabliity analysis was conducted using a production cost model as a staiting point. This
mmmumhwmmmwmmmmw
smission

:
;

to
for

Demand Source Module E 2000 Submittal
Demand Growth 1.8% Armnual Escalation

Energy Growth 2.19% Annual Escalalion

Natural Gas Cost (2010 Henvy Hub) $8.22MBtu

Carbon Cost/Cap No Cap nor Cost epplied

Reserve Target _ 15% of Midwest ISO Coincident Peak Demand

Note esach overlay was compared o a base run thal included new wind zons generation without
additional transmission beyond 2019 base cass assumptions. The basa run included typical flowgates,
and was not screened for additional flowgeles that might have the polential fo severely restrict RPS wind
injections resulting in ‘dump' energy.

The production cost model uses an event fiie to perform contingencies and system monitoring. This event
fiis was upcated with ‘local’ contingencies 0 capture wind effects, and containg Midwest ISO and NERC
flowgates. Thesa flowgates will not show the outiel issues associated with the zones. To add relevant
constraints to the modefing, Midwest ISO staff utikzed the Power Flow Analysis Tool (PAT).
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2.4.2 Linear Power Flow Analysis

The reduced amount of transmission deveioped through the production cost analysis of the indicative
transmission designs was than added to tha off-peak (70% of peak load), shoulder Power Flow modet.
Linear analysis on the off-peak shoulder model identified additional refiability constraints that were
addressed. The bulk of the reliability analysis fell within the off-psak shoukier case work effort.

Onca all selected criteria viciations were identified and sclutions proposed, plans were analyzed using an
on-peak model as well as a light load (40% of peak load) model.

MTEPO® Power Flow models were used In the development of the 2019 paak and off-pesk modeis.
These models wers crested within the Midwest ISO Model On Demand database and inciude 2019
mmwmmmmmmmmumwm model used in the
analysis. The MTEP10 Power Flow model was used fo create the light load model smployed in analysis.
Tha extsmal represantation used for the MTEP madeis are tha NERC ERAG MMWG models. The latest
MRO models were used to update non-Midwest ISO Midwest Reliabilly Organization (MRO)
Midwest ISO system updates were addad through the staksholder process. Neighboring utiily updates
were provided by SPP, TVA, and PJM.

The 2019 model contsins all projects moving to MTEP Appandix A or Appendix B as well as thosa MTEP
Appendix B projects identified with a “Planned™ status deasignation. Given the uncertsinly of their
respaciive status, those projects in MTEP Appendicas B and C not moving o MTEP Appendix A in the
current planning cycie will be removed or not incorporated in RGOS models. Designing RGOS (or any)
transmission system dependent on projects not confirmed for development or potentially destined for
replacement by an allermative project would adversely impact the final set of transmisaion projects.

NECCM&B“CMmmﬁumFMHMAmmMC
evaiuation was not performed. Category C eventa were fimitad to select events greater than
wuwmmmmmm-mammmm
were used. Category C evenis were lestad for snergy zone outiet resiricion and for potential cascading
svents. These cascading events were defined as situstions in which tranamission faciiities experience 8
madmum loading of 125% or higher, as compared to the facility's emergency ratings. Al slements
greater than 100 kV were monilored during analysis. However, only slements greater than 200 kV in
viclastion were addressed for solutions. All ather alements were ideniified and included within
evaluation of the overtays.

B

E

naw resources on the aystem. FMMdmmmmmmmmm
voltaga concems In its final dacision an the proper tranemission axpansion siratagy for the Midwest 1ISO

footprini.

2.4.3 AC Power Flow Analysis

ACPmFlowmdyanwupﬁoﬂmdontho poak, of-pesk, and light load models used in the
linear flow analysis by employing an AC Power

finesr Power Flow work. This analysis heiped ideniify an approximation for reactive snd capacitive
support on the system, improving the accuracy of cost estimates and providing & mors holistic solution to
stated RGOS objectives.

2.4.4 Study Objective Change

Inially, the RGOS study was commissioned 10 develop and analyze multiple trangmission overlay
solutions that would meet the desire 1 deliver the RPS requirements in 8 economically
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overiays, it was determined by Midwest ISO staff and management thal none of the overiays stood out as
the proper sirategy to push forward for all future EHV transmission development.

Beacause an overall strategy for fulure tranamiasion development was deemed inappropriate at this ims,
the RGOS siudy focused on transmission projects identified within the study thal faciitate RPS
requirements throughout the study footprint while not pradetermining a long-tarm transmission
investment stratagy.

3 Renewable Energy Requirements

mmummwmmmmwmmummmu
required to meet legisiated renewable snargy requirements and goals. Based on RGOS survey resulis
andm.mwnmmwadmmmmemuﬁmmmmom(emmmnmwu
upon to mest the majority of the requirements. Therefors, the RGOS study focused on the development
of a transmission systen that would help feciitate the wind contribution to the renewable
energy requirements.

3.1 Renewable Portfolio Standards

The Midwest ISO region cbserved two significant drivers for transmission expansion: (1) state RPS
mandates; and (2) associaied generation in the Midwest ISO Generation Intsrconnection Queus (GIQ).

Some siates within the Midwes! ISO purview; i.e., Montana, Minnesota, Wisconain, lowa, Missourl,
Hinois, Michigan, Ohlo, and Pennsyivanis, Mmmmumm
mumwummmmmmmmm
ommnuhmmnpsmndommmmmwmmmm
RPS mandstes nor gosis. RPS mandates vary from MBMI:MWN




Figure 3.1-1: RPS Requirements within Midwest ISO Footprint

The second major driver for transmission expansion is the Midwest ISO Generstion Interconnection
Quaue (GIQ), which—as of the end of July 2010—heid approximately 84,500 MWs of wind requasis.
After careful examination of the inherently complax issues involved, Midwest ISO staff and stakeholders
datermined the GIQ process would not be an efficient means for building a cost-effective transmisasion
systam over the next 5-10 year period or in the foreseeable future bayond that time-frame.
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4 Renewable Energy Zones Development
4.1 Wind Analysis

technology or lurbine classes.

2
:
i
%
;

Several additional issues made using GIQ data problematic, o include:

been
= Queus requesis for wind had incressed in locslions with an RPS, which could potentially bias
Zones lowards siates with RPS and agaeinst potentislly higher capacily factor sites in
do not hava such mandsias, such as North and South Dakols, and indisna.
biased

* The location of generstion Interconnaction requesis were potentially
reisted to the wind capacily facior, such sa the generalors’ localion in relstion to available

this
Midwest ISO worked with the National Renewable Energy Laboratory (NREL) throughout 2007 and sarly
2008 in a coliaborative effort with the Joint Coordinated System Plan {JCSP) and was awars NREL wouid
the Eastemn Wind integration and Transmission Study (EWITS), a comprshensive study of
wind in the Eastem Interconnect. in March 2008, NREL engaged AWS Truewind to develop a set of wind
nesource and plant output data for the eastem United States for EWITS. The stalement of work identified
(5) technical tasks to developing high resolution wind power cutput data in 10-minute increments for

g

3

years 2004, 2005, and 2008. The methods used and results achieved are described in the following
sections. The fnal resulfts and a study report are avaiable on the NREL wabsite at
hittp:/iwing. nrel. oW DUDICEWITS.
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4.1.1 Renewable Energy Zone Scenario Development

The information gathered in performing the metrics work discussed in Section 4.1 was used to identify an
appropriate weighting system for developing the renewable energy zones. The renewable energy zones
meaMWMMMMd”WM(ﬂ)MW
capacily faclor sites in each siate. Selectad sites were lumped together to achieve an energy zone thet -
had an approximate capacity of 2,400 MW, while maximizing the overall capacity factor of the anergy
zone. Many energy zones were developed for each state in this manner. Based on the melrics, weighted
values were created and used lo rank the zones. The four (4) weighted measures and thelr weighting are
as follows, where on-psak hours are 8AM-10PM, afternoon on-peak hours are 3PM-8PM, and summer
months are June, July, and August:

= Waeighted Capacity Factor (CF)

-~ 11<Year average CF 50%

- 3Year average CF 10%

- On-peak CF 10%

- Afemoon On-psak CF 10%

- Summear On-pask CF 10%

~  Summar Afternoon On-psak CF 10%

s Distance to Load Center

*  Weighted Varlabiilly

- Variance of hourly wind output

q - Standard Deviation
- Average hourly ramp-up
-~ Avaraga hourly ramp-down
=  Distance o infrastructure
—  Distance to existing transmiasion (>300 kv) 33.3%
- Distance to Rairoads 3.3%

- Distance to major highways 33.3%

For each renewable energy zone developed, weightad metrics were calculated as a composite of the
selected sites irt that zone. The weighted capacily factor was converted to s $/MWh value basad on a
capacity of 750MW from each zone and a cost of $2MMW for wind turbines. Distance-to-load canter
values were caiculaied by taking the distanca from sach selected siie to the nearest large lcad center.
muamm“mumm“mmmmm.mmm
o another zone, by mmb-mdmbmmmmm major
mwwmmmmwmdmm wind farms.

FERE
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Wind zonas were craated in aach stats once a process methodology was established. Even though North
Dakots, South Dakots, and indiana do not have RPS mandates in accordance with RGOS scope, they do
have sxiensive wind resources and thus were used to provide possibie renewable energy fo the study. In
order to establish local versus regional energy sources—again per shudy scope—energy Zone scenaros
were Crested, sach concentrating on local to load center wind (with most of the renewable anergy zones
located within sach siate, respectively}, remote o load center wind (utilizing higher capacity factors and
transporting the wind as needed) and a local and remote combination. A ranking was applied fo tha
four (4) measures deacribed in the last saction to create a score from 0-100 for sach energy xone.
WmmmmmmmmmbmdmﬂmnmmFu
renewable energy zones in the westem part of the foolprint, the Upper Midwest Transmission
Devalopment Initiative (UMTD!) Zone Scenario B was used.

For each scenario, the top ranking zones were selectsd as sites for renewable genaration until the
needed amount of MWh's was sufficient io mest the RPS requirements. Since higher capacity factor
areas produce mare anergy, the reglonal scenarios had fewer 2ones than the local scanarios.

The results of this work are shown in Figures 4.1-1-4.1-3, which depict the thres (3) acanarios: local,
mg(ondmcmuuﬂon wudlnyﬂnmmmma

Y

0

Figure 4.1-1: Local Wind Zone identification
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Figure 4.1-3: Combination Wind Zone identification
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To provide for a full range of opportunities in meeting various RPS and goal requirements, these three (3)
Mowmmnmumqwmmmmmmmmmm
scenarios include the following:

Local: In the Local scenario, unmbbwnqﬂmmandgodsﬁlbemdwlm
resourcas located within the same atate as the load.

Regional: in the Regional scenario, renewable snergy requirements and goaia will be met with
resources located in the highest anking renewable energy zones regardiess of respective zone
location relative to the RGOS Il load. This scenario will utiize the high capacity factor zones
recommanded by UMTOI from RGOS |

Reglonal Optimized: The Regional scenario resulls in capacity in axceas of what is needed 1o at
least cover the renewable requirements/goals. in the optimized case, the capacity in some zones
is. reduced to the extent thers are just enough resources to cover renewsble energy
requirements/goals.

Combination: In the Combination scenario, renewable energy requirements and goels will be
met with a combination of resources iocated within the RGOS Il sistes and those outside
RGOS I} stales with the highest ranking. Emphasis will be given 10 state requirements 10 locate
part or all of their resources used to meat renewable energy raquirements and goals within thoss
states. mummmwmummmmmmm
in the Regional scanario.

Combination 78/28: In this acenario, 75%«R®8mmmmmmmhﬂn
UMTDI zones and 25% of RGOS requirements ars met within the remaining states.’
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5 Regional Transmission Designs

The goal of the Regional Generation Outiet Study (RGOS) is to develop transmission projects that will
facliitate the state renewabls anergy mandates in the Midwast SO foolprint. The process used o meet
this goal consists of detailed transmission design analysis 10 determine a tranamission system that meels
RGOS refiability objectives while delivering snergy from the generation zones. Refer to Figure 5-1.

Cost ($}

o

Capacity Cost

—

L Transmission Cost

Figure 6-1: Balancing Generation and Transmiseion Investment

e

o

5.1 Indicative Transmission Designs

As in the RGOS Phass |, once candidate renewable energy zone scenarios were established for study,
the next step wes to design an indicative transmission system for those zones to connect to the grid and
deliver anergy to load. There were many different transmission designs that could be utilized o schieve
this goal, all of which had different costs and benefits sssociated with them. The purposs of the Indicative
Transmission Design phase of the siudy was to analyze these different alternatives and % quaniify costs
and beneiits of these altematives. These cosls and benefits would then be used W0 provide information 10
select a final 3ol of anergy zones.

indicaliva transmission casigns were crested with staksholders by means of a design
Stakeholders,

workshop participants, all experienced transmission planners. Again, the point of the exerciss was
develop transmission that could “indicatively” provide a solution.,
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5.1.1 Assumption Set

An assumption set was established by the stakeholders to develop the indicative transmiasion portfolios
and apply costs to them. The indicative transmission portfolios were developed without the benefit of
transmission simulations; i.e. Power Flow, 30 a consistent assumption sel had o be employed to
compare the fransmiasion portfolio of ane energy zone scenaric against anather.

The primary assumption for the indicative transmission development was that the syatem would be
considered seit-healing. it would not depend on the undertying system in the Indicative design phase. For
this work, Surge Impedance Loading (SIL) ratings wers used for new ransmission lines. This eliminated
the need for Power Flow analysis in the indicative stage since a 'seif-healing’ plan minimized the impact
of new transmission on the existing system. Actual analysis of Power Flow was planned for the
conceptual transmission design phase to evaluate the underlying system impacts and would use normal
and emergency line ratings. 750 MW of capacity would be expicited from sach zone. Other assumptions
included the approximate range of capacity for 345 kV and 765 kV transmission using SiL as & limiter.
mmmmanMMMMdhm Refer to
Table 5.1-1, which shows the capital costs appiied to the transmission.

Table £.1-1: Transmission Line Cost Assumptions used within indicative Work Efforts {2010 USD
n Miltions)

MM Tix . A0 : i 0OH FA

345 2 1.5 28 2 1 18 18 2

2348 25 21 3 26 15 23 23 25
500 as

708 a8 42 a8 42 42 44 36 4
400 0 0 0 0 0 0 0 0

800 22 22 22 22 22 22 22 22

Note wind generation st $2M/MW was used for the wind turbine capital costs.
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5.1.2 Indicative Transmission Results

Given the five (5) renewabls energy zone scenarios, several indicstive transmission cverlays were
crealad using 345 kV, 765 kV, and DC transmission options. For additional detalls regarding Indicative
Transmission Design, refer io Appendix 3, which shows the transmission and renewable snargy zone
maps for the various overiays. Financial results are shown in Table 5.1-2.

Table 5.1-2: Indicative Transmission Costs (2010 USD In Millions Sorted by Total Cost)

Veltage (hY) Zone Scenarnio Generater ransnission

$62,300 $18,601
Combination $85,300 $18,601 $83,901
Combination 76/28 $62,300 $26,168 $67,483
Combination $65,300 $28,102 $60,432
Reglonal Optimized $60,800 $30,428 $01,220

SHHEHHHEHB8a8E
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As can be seen from Table 5.1-2, all four (4) Combination scenarios demonstrated the lowest overall cost
alternative. The “Bathtub Curve"’ for these scenarios can be seen in Figure 5.1-1 (also refer to section 5 of
this document). Hence, a Combination set of zones was selected aa the basis for moving forward to
select a finat set of renewable energy zones. Feeding inta the final zone selaction for each scenario were
other state requirements in addition to snergy. For example, the State of Michigan requires the state RPS
be served 100% intemally to the state. In Ohio, the requirement |s 50%, and Iifinois hes a preference
defined In its requirements for local wind. As a result, Missouri, Ilinois, and Ohlo renewabla energy zones
were selected based on at least 50% of the wind requirements being servad within that respective state.
Input on the final zones was gathersd from Midwest Govemors Association (MGA), the Upper Midwest
Transmission Development [nidative (UMTDI), and from stakeholdars--including non-Midwest IS0, PJM
membears Commonwealth and Amarican Electric Power.

A
S 1 ¥
Local Combination (Local & Ragional
Ganeration Regional) Genarstion Genarstion
Figure 8.1-1: Zone Scenario Generation and Transmission Cost Comparison

For greater detail regarding Indicalive transmiseion resuits, design, and optimization, refer to Appendix 3
of this document. Also refer to Midwest ISO Transmission Expansion Plan (MTEP) 2009, which more fully
describes the rationale driving zone scenario origination.

5.2 Model Development

5.2.1 Power Flow Model Creation

The majority of the tranamission dasign analysis was conduciad on a MTEPOD series 2018 summer peak
model. This model was developed via the MTEPOS model buiiding effort with considerable stakeholder
review. It was used for two sets of analyses: a summer off-paak analysis and a summer peak anaslysis.
For the summer off-peak analysis, the base transmission mode! was modified to cresie a shoulder-peak
(70% load level) Power Flow model for the RGOS | system analysis in mid-2000 and sent to the
stakehoiders for additional review. Both the summer pasak and summer off-psak models were updated for
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the full RGOS analysis effort in early 2010 and sent to the stakeholders for a final review. A list of the
major transmission upgrades made to this model since the RGOS | study effort is Included in the public
folder tocated at:

R4 TNGD. MCWESTSO OfY D10 N RGeS
And includes the following MS Excet xiax spreadsheet files:
*  Ad_1_Nalive Voltage.xdsx
* A4_2_ Native Voltage with DC xisx

s  Ad4_3 785KkV.xiax
A secondary set of analyses were performed on a fight load model. This modesl was converted from a
MTEP10 sefies 2015 light load scenario to a 2019 light load scenario. The model, in addition to being

developed and reviewed through the MTEP madel building effort, was also provided to the stakeholders
for additional review. A list of the major modeling corections made to this model is also included In the

public foider identified above and includes the following MS Excel .xisx spreadsheet fles:
»  Modeling Corections - 765 Modeling Documentstion.xisx
» Madeling Corrections - NV with DC Modeiing Documentation. xisx
=  Modeling Corrections - NV wo DC Modeling Documentation.dgx

Extemnal transmission system represeniation in the MTEP series models was provided by the Eastermn
Interconnection Reliability Assessment Group (ERAG) Multi-Regional Modeling Working Group (MMWG)
North American Electric Reliability Corporation (NERC) models, except for the non-Midwast ISO MRO
members, where the istest Midwest Reflabilily Organization (MRO) models were used. Commonweaith

5.2.2 Generation
As past of the MTEP10 model building process, a Regional Merit Dispatch (RMD) was created to aid in

LELLSLEE. PO 03NS (e
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Refer lo Tables 5.2-1 and 5.2-2, which show the modeled capacity of each wind zone. It is important to
nole each zone was designed for a potential capacity of up to 2400 MWs aven though
not designed for that level of injection. mmmmmmomwmmwmm)
to the Midwest ISO market Generators in the llinois Commonweelth Edison area are delivered lo
Commonwsalth Edison (PJM), and the wind zones located in American Electric Power (AEP) were sunk

to other AEP generation,

Zone

Tables 5.2-1: Renawable Energy Zone Information (UMTDI Zone Selections)

Nomepalate (M)

Irole el Capiatty
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transmission was

OF ek (W) Poak MW Ligshl Lerach (MWW
A8 A 775 698 155 0
IAF 1A 75 698 155 0
IA-G A 78 098 158 0
IAH A ) 08 158 0
e A 778 o8 158 o
A A 78 608 158 0
MN-8 MN 778 000 158 0
MN-E MN 775 600 188 0
MN-H MN s 608 185 0
MN-K NN 778 08 188 0
MN-L MN ™8 698 155 0
ND-G ND 78 608 158 0
NO-K ND 775 ece 158 0
ND-M ND 775 €98 158 0
SD-H D 778 oe 158 0
SO~ Y 75 ) 158 0
SO sD 78 098 158 0
wig w 775 go8 158 0
w0 w 778 608 183 0

At
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MW@}—.
Table 5.2-2: Renewabls Energy Zone Information (non-UMTDI Zone Selections) -
Modeied Capacity
e OFf-prak (MWV) Peak (MW) Li”k'gj\;)"‘m

IL-A L 550 495 110 Q
IL-B IL 550 495 110 0
IL-F it 550 495 118 (1]
IL-K iL L) 495 110 (1]
IN-E N 500 450 100 0
INK N 500 450 100 0
MA M 300 270 80 0
M-8 W 500 450 100 0
M-C M 300 450 100 0
M-D M 500 450 100 0
M-E v 500 450 100 0
M-F "] 500 450 100 o
M+ "] 350 315 70 0
MO-A MO 500 450 100 1]
MO-C MO - 500 450 100 0
MT-A MT 400 380 a0 0
OH-A OH 725 8525 145 ]
oH8 OH 725 652.5 145 0
O OH 725 8525 145 0
OH-D oH 725 052.5 145 0
OH-E OhH 725 8525 145 g
OH-F OH 728 852.5 148 0
Ol OH 728 8525 148 0
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5.3 Analyses

5.3.1 Initial Energy Model Results

The first transmission analytical step of the RGOS process was the evaluslion of the com
('Combo’) indicative overlays with the selected RGOS zones in a production cost model. The analysis
consisted of four (4) iterations of PROMOD runs that reduced the indicative overlays that delivered
energy and showed utilization of the transmission lines identified in the overiays. Through this process,
the RGOS atudy was able to reduce the inherent overbuild of the indicative work to a set of transmi
that provided snergy flow based on modeled flowgates, delivered the renewable energy
provided a starting point for the more detsiled Power Flow work.

zones,
The primary meiric to reducs overiay tranamission was line utiization. Within the first fteration,
transmission segments with peak line flow less than 20% of the rated limit were
overiay. lterations 2 and 3 removed all tranamission loaded less than 30% of the rated Emit
removed. iteration 4 removed additional under-utiitzed transmission while using engineering judgment to
ensure overiay circults were not radial and made general sense in system configuration.

5.3.1.1 Native Voltage Overlay

The Netive Voitage overay saw significant reduction in the process of eliminating under-ulikized
transmission. Between theration 1 and Iteralion 4, 128 iine segments and autolransformers were removed
from the overiay, reducing the high-level generic cost of the overiay used in this stage of the analysis from
$18 bikion to $10.3 billion. With better engineering judgment on the interconnection of the renawable
energy zones, wind curtsliment improved with the refinemant. However, adjusted production cost savings
aiso decreased—but not at the same rate as the cost to add the transmission to the system. Refer 1o
Table 5.3-1, which provides more detall on the cutputs of the shergy model Rerations.

Table 5.3-1: Native Voltage Overiay Information from Initial Energy Model Analysis

:

i
i3

APC Syrogs annaad 019 LM

0 ARR

ez sm
(200% 5V - Wolaest (S0 RGOS Custerm

toraton Wi Sortahr et

Iertesre e

1 18,024 3,608 809 749 718 0.84%
2 18,677 3,338 614 758 2l 0.85%
3 8,697 1,839 450 547 547 242%
4 10,260 2,054 487 a2 568 0.71%

* Cosis represent 343 @81.5/M, 345-20082.0M, 755 §83.0/M and a 25'% sdder for stalion cosls
* 10.44% Wind Curtaliment prior o indicative isnemiseion addiions
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Refer to Figures 5.3-1 and 5.3-2, which show the overlay at the beginning and end of the energy

\
\ mode rfinement
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. Figure 5.3-1: Native Voltage mmmMn 1)
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Figure 5.3-2: Native Voltage after Production Cost Modeling Optimization (Heration 4)
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5.3.1.2 765 kV Overlay

The 765 kV overiay saw significant reduction In the proceas of eliminating under-utiliized transmission.
Between Heration 1 and iteration 4, 124 line segments and autolransformers were removed from the
overiay. This reduced the high-level generic cost, used in this stage of the analysis, of the overlay from
$23.8 billion to $15.8 billion. With better engineering judgment on the interconnection of tha renewable
energy ones, the wind curtailment improved with the refinement However, adjusted production cost
savings also decreased but not at the same rate as the cost requirad to add the ftransmission to the
system. Refer to Table 5.3-2, which furnishes mone detail on the outputs of the energy model iterations.

Table 5.3-2: Native Voltage Overiay Information from [nitlal Ensrgy Model Analysis
Annual APC Savings (2018 USD in Milllons)

1 23,752 4,750 702 926 887 0.80%
2 21,781 4,258 701 884 0.90%
3 16.980 3,392 889 824 883 0.14%"
4 15,584 a3 558 788 737 0.10%

* Cosls represant 348 @81.5M, ME-2382.0, 705 53.0/ and a 25% adder for siation cosle
** 10.44% Wind Custalimant pricr 1 indicalive frenemission addiions
“** Primary reduciion result of moving some of the wind zonse 1o an indicative overlay stsion
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Refer to Figurea 5.3-3 and 5.3-4, which depict the overlay at the beginning and end of the energy
modal refinement.

Iy L -
S e gy

Figure 5.3-3: T65 kv |
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ndicative Overiay (Heration 1)
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Figure 8.34: 788 kV Overiay after Production Cost Modeling Optimization (iteration 4)
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5.3.1.3 Native Voltage with DC Overlay

The Native Voitage with DC overiay saw significant reduction in the proceas of eliminating under-utiized
transmission. Batwesn lteration 1 and lteration 4, 123 iine segments and autotransformers were removed
from the overlay, reducing the high-lsvel generic cost of the overiay used in this stage of the analysis from
$23.5 bilion to $16.1 bilion. With better engineering judgment on the intarconnection of the renewable
anergy zonss, the wind curtailment improved with refinement. However, adjusted production cosi savings
also decreased but not at the same rate as the cost required to add the tranamission to the system. Reder
to Tabie 5.3-3, which offers more detail on the outputs of the energy model iterations.

Table 8.3-3: Native Voltage Overlay Information from Initial Energy Modei Analysis

. . ) APC Gavrgs vanualy 2019 5\
B Cests 200 ARR PR > Wi

Heralinn X g ~
o 2309 MY | TO09 SN . e . B Cutaloment
Midwoest 1ISC RGCS Zasters Internonrect

1 23524 4,705 T ) 995 0.85%
2 22,457 4.4 734 89 098 0.85%
3 14,654 2,93 873 925 27 0.22%
4 16,109 3222 e 1023 1088 0.04%

* Costn represent 345 §31.5/M, 348-20Q42.0/M, 768 §$3.0'M and a 25% adder for stalion cosis and & cost of $5.58 for the DC
= 10.44% Wind Curtaliment prior 1 indicative iranemission addiions
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I Refer to Figures 5.3-5 and 5.3-8, which show tha overiay at the beginning and end of the energy model

Figure 8.3-5: Native Voltage with DG> Indicative Ovtrl;y

>
e T !

— T, ' :
| . A P N
Figure 5.3-6: Native Voltage with DC Overlay afler Production Cost Modeling Optimization
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5.3.2 Power Flow Analysis Set-up

A set of monitored and contingent slemenis was created and consiraints were defined prior to beginning
Power Flow analysis. Voitage and thermal design criteria from each Transmission Owner were applied
during the analysis. Voitage limitations were set through the monitored element flle and thermal ratings of
slaments were taken from the Power Flow case. More details on the monitored, contingent elements, and
constraint parameters are discussed below.

5.3.2.1 Monitored Elements

The study foolprint included the entire Midwest ISO footprint, along with the footprints of American
Electric Power, Commonweath Edison, and MAPP. Overioada identified outside of tha study footprint
wara svalusted for thelr impact; all constraints outsice the footprint with a meaninghul cause and material
impact on the RGOS footprint were mitigated. All slements greater than 100 kV were monitored during
analysis, but the primary focus of the study was overioads on iransmission slements with & voitage of
230 kV or highar. More details on the monitored elements are shown in Table 5.3-4, below. ‘

Table 8.3-4: Monliored Elements Meirics and Criteria

w

Thermal Category :
Monhoring 2. Aliranamission with thesmal ioadings aver 50% of the emargency rating (Rate B) was

1. System Intact
Voltages 2. Al voitages grester than or less than the TO thwesholds were monitored during the

5.3.2.2 Contingency Set-Up

Nmmawammmmmmmm.mmnmw
of any 200 KV or higher facliiies as well as the implamentation of the contingency fles provided
throughout the MTEP study process. Selected Category C events were aiso analyzed in the analysis.
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5.3.2.3 Constraint Criteria

All 200 kV or higher transmission with overioads was identified as a constraint and appropriate mitigation
?mmmmmmmmsmmmmmmmmmmmunmh
able 5.3-5, below.

Table 5.3-5: Constraint Metrics and Criteria

Metnic Crtenng

1. Sysitem Intact:
2 AN 200 kv+ transmission with thermal loadings over 100% of the narmai reting (Rate A)
was considersd a constraint.

Thermal 3. CetegoryB
Monitor & Al 200 kV+ tranemission with thermal loadings over 100% of the emergency rating
™ (Rate B) was considerad a constraint,

Al voitapes on 8 200 KV+ buses that were greatsr than or lees than the TO thresholds were
Voltages congidered constraints.

5.3.3 NERC Transmission Planning Standards

North American Reliabliity Corporation (NERC) Transmission Planning standards TPL-001-0, TPL-002-0,
and TPL-003-0 specify aystem performance requirements for the Bulk Electric System (>100 kV) under

a variely of systam condifions. Tranamission planners must analyze and design the system to meet

analyzed and the system performance requined for the different categories of events. System
performance has the most restrictive performance requirements for voltage fevels and thermal

i
i |
T
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[
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Refer to Table 5.3-8. NERC Category A, B, and select C events were used in Power Flow analysis. The
calegory C avents applied to greater than 230 kV events as supplisd by stakeholders, and bus double
branch contingancies within a bus of sach zone's outiet facilities was used. Category C events tested for
snargy zone outiel restriction and for potential cascading events. These cascading events wers defined
as situations in which trangmission faciiities experience a maxdmum loading of 126% or higher, as
compared to the faciiity's emergency ratings. All elements greater than 100 kV were monitored during

Owners’ voltage and thel'md design criteria ware applied.
Table 5.3-8: Power Flow Soludion Criteria

Mt

Al trersmizsion greater than 200 kV with thermal loadings greater than 100% of normal
rating will be addressad for solution. .

All ransmiasion less than 200 kV with thermal lcadinge greater that 100% of normal rating
will be ideriified and noled and considered whan comparing portiolios.

Contingent:
AN trenamission greater than 200 kV with thenma! loadings grester than 100% of emegency
rating will be addressed for solution,

P ar @ oNa

grealer than TO thresholds will be sddresesd for solution on buses greater than
200 kV. Al ohher buses Will be idertifled snd noled.

Voitages greaier than TO threshoids will be addressed for solution an busas grester than
200 kV. All cther buses will he identified and noled and comsidersd when comparing

i
g.

%

Systam Intact
Yoltages less than TO thresholds wil be addressed for solution on buses grastar than 200
kV. All other buses wilt be identified and noted and considered when comparing portfolios.

Corflingent
Voltages less than TO thresholde will be addresssd for solution on buses gresier than 200
KV. Al other buses will bs identiflad and noled and considersd whan comparing portiolios.

Low Voltage

Ao W=
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5.3.4 Off-peak Linear Analysis Results

Thoprimarymlysismpuformudonlzms summer off-psak modal. This model was chosen due 1o

imddahld\mwwmﬂmmmuoﬂ-mkcmdﬂbm This anslysis began with the
transmission determined in the energy analysis, and it continued in a highly iterative fashion, with
between 60 and 110 iterations were performed on each of the Native Voitage, Native Voltage with DC,
and 786 kV scenarios. It also conteined several different phases, as discussed below. Each of the phases
was conducted in an iterative manner, with the transmission refinement relying heavily upon reruns of the
Category A, B, and C analysas.

* Category A and B (Sysitem Intact and N-t) analysis focused upon the identification and
mitigation of 200 kV and above Catagory A and B constraints. A large amount of tranamission
mmummmmmmmmmmaWMmzmw
and above constraints under system intact or single contingency conditions.

= Category C (N-2) analysis is based upon the results of the Category A and B enalysis. R
focused on potentially cascading system events, which were simulated in the model as eny
tranamission element which has a 125% or greater loading under a Category C avent.

= Transmission refinemantioptimization was conducted to ensure that the transmission design
was not overbuill. it analyred the transmission added through the snergy and previous off-peak
analysia to determine that the lines proposed wers used and ussiul. if any line was found o be
lightly loaded, it was removed from the model, and analyses were conductsd to ensure that no
new constraints occumad without the line.

Thess analyses resulted in a net of new tranemission for each scenario that resoived all the thermal
overioads on the system under peak conditions. This transmission was then used as an input for
later analysis. Refer to Figures 5.3-7-5.3-0.

Flguu §.3.T: I'mm Voltago Oﬂ-pot Auatysls
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Figure 5.3-8: Native Voitage with DC Off-peak Analysis
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5.3.5 Sensitivity Analysis Results

A sel of sensitivites wers run on a psak and light load case. These sensitiviies included both linear and
AC analysls, and the results are discussed in more detall balow. _

5.3.5.1 Peak Sensitivity Analyses Results

Peak sensitivity analyses wera conducted to ensure system reliabliily when the transmission system
experiencing the highest lsvel of loading. Analyses included both linesr and AC ane order
capture thermal and voltags overioads. Peak sansitivity starled with the transmission from the final
off-psak linaar analysis for each scenario. Refer to Figures 5.3-10-5.3-12.
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Figure §.3-10: Native Voltage Peak Analysis
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\ Figurs 5.3-11: Native Voltage with DC Peak Analysis
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5.3.5.2 Light Load Sensitivity Analyses Results
Light load sensitivily analyses wers conducted to ensure system reliability with & full transmission

" buildout, without the support of wind from the wind zones. in particular, this scenario was designed o

determine and miligate any reactive (voliage) constrainis which may occur due to the large reactive
impact of the lightly loadad naw transmission that was added during the off-peak and peak analyses.
Light load analysis bagan with the iransmission from the final pask sensitivity and relied upon AC analysis
to delermine any new thermal or voitage constraints.

5.3.6 Final Off-peak AC Analysis Results

The final step taken during RGOS Power Fiow analysis was to run an off-peak AC analysis using
transmission developed through the light load sensitivity. Final off-peak :

AC
1. To tast the tranamission additions added in the peak and light load sensitivity anslyses (o snsure
thase additions did not create any reliability violations under off-psak conditions. This provided &
MMM.W&WMNMMMOMNWRBOSMm
not harmiul.

2. To find and rescive any lingaring voitage violations.

After final off-peak analysis was completed, RGOS transmission scenarios were finalized and sconomic
analyses wera performed on each of the scenarios.

5.3.7 Lower Voltage Constraints

Refor to Table 5.3-7. Although RGOS anelyses mitigated all consirsints on the 200 kV and above
tranamiasion system, it did not explicilly athempt to mitigele consirainis on the transmission system
below 200 kV. These constraints wers eliminated from the RGOS scopse o minimize the study timeline

IMmhdmplanbohgmwthrEPApplndxAhrwmm

Although thermai analysis did not mifigate all sub-200 kV constraints, & did ilentify and track these
constreivis throughout the process. The first iteration of the Power Flow analysis, performed on the
offt-peak model with indicative transmission added from the final snergy analysis, contained between 168
and 228 sub-200 kV avericaded ines, depending on scenario. After the final tranamiasion scenarios had
been developad and applied to the modals, the off-psak model had 76-180 sub-200 kV cverioaded lines.

frt-al =ub 700 by ot 5 Froal Sub 200 kY Corston s

Native Voltaga with DC 147 76
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5.3.8 Energy Model Results

Thea production cost model is aiso used o evaluabe the diffarent sirategias refined within the Power Flow
reliability work effort. The information In this section was derived from the evaluating the transmission
overiays as of the end of the off-peak reliability analysis. Because of this, ransmission added because of
light load or peak analyses are not included in this production cost model evaluation.

The production coat simulation models refiability at a high lavel. Unlike Power Fiow analysis, which can
simulate ali possible system contingencies, the production cost model focusss solsly upon those
contingencies provided by the user that will have significant re-dispatch effects. Within this analysis,
contingencies reisted fo RGOS zones ware not modeled as completely as the contingencies that may
have resuited from adding the new ovariay transmission. it is also Important 10 nole the events modeled
focus primarily on the 230 kV and above transmission system. The ultimate effects of contingency
imitations are there are unknown costs and benefits due to re-dispaich that have not yet been explored.

5.3.8.1 Cost Savings

RGOS focuses on the addition of incremental wind 10 mest the RPS requirements throughout the study
footprint and the transmission that faciitates the delivery of the energy. By adding the wind to the system
without any RGOS transmiasion, a reduction in adjusted production costs is recognized within tha study
footprint as well as some of the defined neighboring regions. This reduction is the result of adding
low-cost anergy fo the system. This can be seen In column 2 of Table 5.3-8, which represenis the change
in adjusted production cost savings compared t© a model that does not include RGOS wind or
transmission. Adding the different transmission strategiss shows additional benefit can be achleved

the study footprint. .
Tabile 5.3-8: Adjusted Production Cost Savings (2010 USD in Millions)

e GOS Wl Wiy Nt 5 Wit e NG DC

PIM $560 $82a7 $512 $500
MISO $3,268 $3,004 $3,767 $3.747
TVASUB ($16) (320) (428) ($18)
MAPPCOR $1.222 $1.263 $1,317 $1,339
SPP ($34) (336) 317 225
SERCNI $8 $15 $i8 $5
IMO $11 $19 "o 24
MHED ($14) s {38) 8
NYISO ($13) (38) ($14) ($13)
RGOS (no mapp) $3,008 $4,220 $4.217 $4.304
Eastem int $4,668 $5,448 $8.571 $5,613
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benefit
more within the RGOS study footprint. However, other benafit from she greater availabllity of -
cheaper ganeration due to a greater abundance of low-cost energy within the study footprint.

F RGOS Windd Wing«Native Wind=Native DO
PUM $365 $1,769 $1.984 $2,021
MISO $1,688 $2,170 52283 $2,021
TVASUB $212 $307 $208 $360
MAPPCOR $1,776 $1.591 $1,408 s1,188
spPp 41 ($3) (568) 3125
SERCNI $57 $219 $200 $502
IMO $104 $148 $201 $205
MHEB $50 $28 $22 58
NYISO (338) ($14) $12) ($17)
RGOS (no mapp) $2.201 33,382 $3.533 $3.229
Easiem Int $4,754 $8,274 $6,404 $6,400
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5.3.8.2 RGOS Zone Energy Delivered

RGOS modeled an incrementsl 28 GW of wind within the study footprint to mest aggregate RPS
requirements assumed within the study, resulling in modeling of 8.5 TWh of energy to be delivered 1o
the system. Refer to Table 5.3-10, which shows approximataly 8% of the wind was curtaiied when adding
RGOS-«iywim Curtailment occurred at locational Marginal Prices (LMP) of -$40 defined within the

appropriately modeied constraints around the wind zones and bulk delivery paths. Refer to Table 5.3-10,
which shows this curtailment of RGOS energy zones disappears when RGOS transmission is added to
the system.

Table §.3-10: RGOS Wind Zone Energy Dellvered

frpsbtle of RGOS Wind 2 qne
Dt ol Zairbarment
NI d e Metielod Enrgy Brivray (MW -

(VW) [TV
Base Cass (wind added with no
tranamission) 28,325 88,580,820 a1, 417,778 8.0T™%
Native Voltage 28,329 88, 580, 520 88,533,050 0.03%
765 kv 28328 88,560,620 88,560,520 0.00%
Native with DC 28,328 88,560,020 88,560,020 0.00%

- 5.3.8.3 Overlay Line Utilization Summary

Becmise the production modsel anslyzes every hour within the modeied yaar, fow information on each of
the modeled RGOS lines can be identifed. Tables 5.3-11-5.3-13 summarize the max instantaneous
loading of the RGOS lines identified in sach overiay strategy. This loading is identified as a percentage of
the stated rating within the tables. Also, these loadings represent system intact loadings. Because of
some lines identified within the power flow analysis are primarily needad for refisbifily and thus
poorly under system intact condiions. More detailed information on each line can be found In
spreadsheet identifled a8 Appendix 8: Production Cost Model Summary Resuils.

Tabie 8.3-11: Native Voltage Max Loading Summary

giF

PR Rt M

Lnlarin N
RITEN AT, HH kY

I40 MW T65) MW
Loading at or above 20% 2 123 $
Loading at or above 30% 1 ] 2
Loading at or above 40% 1 47 1
Loading st or above 50% 0 i ]
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Table 5.3-11: Native Voltage Max Loading Summary

Vollage (nV & Rating ]

Wrhastien 230 kV 345 kv 765 kv
340 MW 1600 MW 5300 MW
Losding at or above 60% 0 10 0
Loading at or above 70% 0 4 0
Loading at or above B0% 0 1 )
Loading at or sbove 90% 0 0 0
Loading at or sbove 100% 0 0 0

Tabie 8.3-12; 766 kV Max Loading Summary

Voellee chie A Rating MW,

(599 MW 050
Loading at or sbove 20% 52 34
Loading at or above 30% | 30
Loading st or above 40% 1) ]
Loading at or above 50% R L 14
Loading at or above 80% 3 4
Loading at or shove 70% 0 3
Loading at or above 80% 0 3
Loading at or above 90% 0 0
Loading st or above 100% 0 0
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Tabie 6.3-13: Native Voltage with DC Max Loading Summary

Veltige (W& Ruatung GINY

LEhatan 45 kY 765 kv S5 DC

1600 MW 5000 MW 1600 ga00
Tota! Lines 92 8 1 2
Loading at or above 20% 83 9 1 2
Loading at or above 30% 56 -] 1 2
Loading 8t of above 40% M 5 1 2
Loading at or above 30% n 3 1 2
Loading at or above 60% 18 2 1 2
Loading at or above 70% 11 2 1 F
Londing ot or above 80% -] 1 1 2
Loading at or above 90% -] 0 1 2
Loading st or above 100% 2 0 1 2

5.3.8.4 Interface Flow Summary

Hundreds of lines and autvtransiormers wers modeled for RGOS-daveloped sirategies. More detailed

information can be found in Appendix 7: Native Voltage Transmission Detall Flow Informsation for the

Nalive Voitage stategy; Appendix 8: 785 kV Transmission Detal Flow Information for the 768 kV

stralegy; and Appendix §: Native Volkage with DC Transmission Detall Flow information for the Native
the

Ancther way 10 summarize the impact of RGOS transmission strategies Is 10 concephusiize
snergy over defined interfaces. For purpases of this study, interfaces were defined as fransmission lines
crossing state boundaries. Table 5.3-14 provides information for the net energy flow within states
cantasining RGOS lines that croas siste borders for the Native Voltage overiay strategy. .

Table 5.3-14: Native Volitags Strategy Net State Interface Flow Summary (RGOS Lines Only)

Bae et (NN NMae Pripaort (W 7o Hovrs Evpon "y oot Hodirs bnporting

-489

4N
L Nel 1,587 2,546 37 4974
IN Net 32 2,082 202 8,555

MN Nat 19 -2,031 1,299 7354
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Table 5.3-14: Native Voitage Strategy Net State Intarface Flow Summary (RGOS Lines Only)

State(s) Max Export (MWD Max Iinpaort (MIA) i ot Hours Export.ng # ot Hours mporting

MO Net 1293 -412 1,57 1.180
MT Net 223 -298 3,047 5827
OH Net a0 -1,612 a9l 1.857
Wi Net 1974 -1.079 6,560 2,178

Figure 5.3-13 provides the net energy duration curve for sach of the states previously identiffed with the
modeled Native Voltage overlay. Refersncing Table 5.3-14 and Figure 5.3-13, it can be seen areas with
higher incremental wind penetration tend to be net exporters while states with more load and less wind
capability tend to be net Importers.

1000

Nat Export

Net Import

-1000

-3,000
o Dulioige Not N Nt o lgt e AONST s NN el Mgy vl Mgt QMM = MT Net

Figure 8.3-13: Native Voitags Strategy Nat Stats interface Duration Curves (RGOS Lines Only}
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Tabie 5.3-15 and Figure 5.3-14 represent net state energy information for the 765 kV strategy overlay. It
is avident more energy flows on the lines with tha 765kV overiay than with the Native Voitage averiay.
mmwmwmmnmmwmnmﬁmw
transmission lines.

Table 5.3-15: 766 kV Stratagy Net Stata Intarface Flow Summary (RGOS Lines Only)

Statels) Man Export VW] Man npat 1MW) 7 of Hours Exgorting 2 of Hours lrpoiting
Dskotas et 2,625 872 8,361 408
1A Net 3,835 1,401 ‘ 8121 839
IL Net 1,752 8,447 929 7,830
IN Net 1,424 -3,582 537 22
MN Net 2,637 -2,184 8,932 1822
MO Net 4,308 -2.003 T.154 1,604
MT Net 215 287 2015 5,780
OH Net 2073 -3.479 ™ 8,050
W1 Net 2438 209 5,430 3328

L

4,000
oty Ngt = Nyt A Nyt MO N NI e e = OHMRE  —— T N

Figure 6.3-14: TE8 kV Strategy Net State interface Durstion Curves (RGOS Lines Onty)
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Table 5.3-16 and Figure 5.3-15 show net state energy information for the Native Voltage with DC
transmission sirategy. The purpose of S study footprint is to deliver high
levels of snergy across the system with minimal impact on existing transmission that it (DC transmission)
bypasses. Bacause of the source and sink locations of the DC lines, the Dakotas, Minnesola, and lowa
806 a high impact for net stete export while Ohio experiences large imports due to most of the DC
transmission sinking within Ohio state boundariea.

Table 6.3-16: Native Volitage with DC Strategy Net State Interface Flow Summary

{RGOS Lines Only)
Max Eapoe (MW Max ioperd W& 4 of Hours Exourtig Bt Aoy Imperting

Dekotas Net 3,628 249 8,704 58

IA Ned 8,774 810 8,450 309
It Net 1,048 3822 3,568 5,194
IN Net Y 1,908 0 8,760
M1 Net 2485 3,129 1,321 7439
MN Net 4703 -1,290 8,134 028

MO Net 1,100 1,128 4437 4317
MT Net 241 24 3627 5,050
OH Net 2,614 10,222 491 8.200
W Net 1,600 -1,600 8970 1,790
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Net Expart

st Power Flow (M)
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Figure 5.3-18: Native Valtage with DC Strategy Net State Interfacs Duration Curves
. {RGOS Lines Only)

To show in greater detall whers snergy is actually fiowing, the following tables and figures show specific
state-lo-stute RGOS line energy flow information. Max power flow and number of positive hours reprasant
“from” to "to” flow whila the min power flow and numbaer of negative hours represent the opposite.

Table 5.3-17 and Figure 5.3-18 show the bulk of the snergy flow tends 10 9o west to aast in the Native
Voltage averiay study footprint.

Table 5.3-17: Native Voltage Strategy State Interface Flow Summary (RGOS Lines Only)

Tntefaoe Max Fower Flow 1WW 0 W10 Powea Flove W ol Horrs Bositiye Soof Huors NeaHinee

Dk 0o (A 400 397 4759 3,060
Dak o MN 2,042 208 8485 272

; A 760 455 78 911

| 1A% MO a8 o87 4201 4817
oW 568 -100 8,874 81
Lo IN 2,080 168 8.7%3 o
IN to OH 1612 4% 787 808
MNWW | 980 1,408 4515 P
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Tabie §.3-17: Native Voltage Strategy State Interface Flow Summary (RGOS Lines Only)

laterface Max Power Flow MW %o Power Flow (MW} 8 of Hours Pesitive ool Huurs Negative
MN to W 462 284 2433 322
MO fo IL 718 482 7.502 941
MT to Oak 2 28 3,047 5,627
NE to A 42 -157 436 8,240
Wiolt 2,204 741 8,440 318
mmmmmhuamummmmwmmsuamu

Power flow from Stute A to Stete §

Power flow from State B0 State A

i

e Dol 10 M T 10 Dok bl i I =iy MO =mmiA W i, ==k 0N
wueWiigl wenNON =——obiiD W cooMOp L =———=Nfip A =Dk A

Figure 5.3-18: Native Voitage Strategy State Interface Duration Curves (RGOS Lines Only)
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®

mmMumwwwmm«mmmmammvm
at higher capacity ievels. Table 5.3-18 and Figure 5.3-17 provide energy flow information for

§E

© Table 5.3-18: 785 kV Strategy State Interface Flow Summary (RGOS Lines Only)

frdeerfoe Max Powoer Fliow (W) M 2oner F
Dak to MN 2,943 798 8,218 537
AL 4103 099 8,523 137
IA 1 MO 2,056 Y 5183 3,505
AW 2173 - an 8,608 63
LN 3545 2,021 8,254 506
IN 1o OH 3479 2,073 8,058 701
MNto 1A 8,097 2468 7.041 917
MOB K 528 ™ 7417 1,304
MO® IN 2440 . ez 8,194 564
MT to Dk 218  am 2,918 5709
Wit 3,798 4780 8423 338
MWWMMANIMEWWMMMMMBDAMh
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Power flow from Stata Ato State B

Power Now from State B te State A

e Oghotns 45 M maee N3 1A e A0 0D A VR i L —tiw L
—— A0 N — 0 L — i N 1 e T 40 Dulonten

Figure 5.3-17; 766 kV Strategy State Interface Duration Curves (RGOS Lines Only)

Table 5.3-10 and Figure 5.3-18 represent energy flow information for the Native Voltage with DC overiay.

Because the DC overiay interconnects into the exisiing system st only a few points, new state intarfaces
are doveloped—ihe Ninols to Ohio Interface, for exampls. it can aiso be seen some interface

characteristics are different becsuse of where the DC interconnects. For axample, the genersl flow of

enargy goes from Missour to lilincis in olher overiays. However, with the DC line tying to the system

south of & St. Louis in lHinocls, the general energy flow of that interface flows from [linois 10 Missourt.

Tahle 5.3-19: Native Volage with DC Strategy State interface Flow Summary (RGOS Lines Only)

nterfae Max Poovver Flow " Peasstr Flow #oaf Hocrrs Posities a ool Hours Necatier

Dak fo MN 3,768 a2 3,681 7
Wil 6,400 0 8,308 0
IA 1 MO 324 #22 572 8,188
ILtoIN 1,721 A3 8.7% 10
ILto OH 8,000 |0 8,397 0
IN to OH 453 807 2610 5,127
MN to 1A 1,684 1,490 4,539 4225
MNto IL 8,400 0 8,300 0
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Table 5.3-19: Native Voktage with DC Strategy State Interfaca Flow Summary (RGOS Lines Oniy)

Interface Max Powier Flow M Power Flow # of Hours Poesitize 4 of Hanrs Negative
MO to IL 552 41,180 1,120 7.633
MT to Dak 241 284 2627 5,050
OH 1o MI 2,141 11,968 4187 4589
Wi to i 1,600 1,600 8,87 1,700

* Positive numbars Tepresent flows from A to B (Daliotas o MN) whils negetive numbers represent flow from B ja A (MN o

Power flow from State Bto State A

Dok 1 M e MT 1S Dl et A ol B MO =llin N i, i3 OH
PG OH —MAR W —N L MO L e ONE M —Wi M

Figurs B.3-18: Native Voitage with DC Strategy State Interface Duration Curves (RGOS Lines Only)
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To demonstrate a more integrated look of the impact of the RGOS iines added to the system, the
following tables and figures show tha interface energy flow summary from state-to-state with RGOS lines

as well as existing transmiasion of 230 kV and greater.

Table 5.3-20 and Figure 5.3-19 reprasent the state interface flow of the base case. The base case is
defined as adding RGOS energy zones to the existing transmission system without adding additionsl

RGOS transmission.

Table 8.3-20: Base Cass State Intarface Summary {All Lines 230 kV and Greatar)

Page 71 of 143

INTERFACE Moax Power Floww (30W B Power Flow  WW. A oof Hoars Posabive #ul Hoors Noegative
DK-MHEB 550 -500 1,988 8771
1AL 1,008 991 8,622 1,831
IA-MO 818 778 5,104 3,5%
(A-NE 1,650 1,944 5,140 3818
IA-SD 1,004 -880 4,308 4,350
w-IN 8383 -4,308 8.013 748
KT 1,189 165 8738 21
IL-MO 1,897 1,873 4,487 4290
IN-OH 7,040 3,390 8,084 095
MHN 3,081 -2,358 8,625 2,130
MI-OH 2,509 -1.921 8571 2,188
MN-DAK 553 1,514 254 8,504
MN-HA 1,248 -1,670 4909 3782
MN-MHEB 834 855 2 8,734
MN-W) 2,258 T34 9,508 82
OH-PA 1,924 3,748 2,550 6,108
WHL 1314 -1,682 7.004 1675
Wi 333 17 8243 473
* Posiiive rumbars reprasent flows fom A io B (Dak to MHED) while negetve numbers represant flow from 8 1o A (MHEB 1 Dak).
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Power flow from State A to State B

Powir flow from State 8 ta State A

4,00 :
—ll M0 AN s el BT mmmlMO e MDAR e M

— i, W VD MM M 0N 0N e——ONPA
. Figure 6.3-18: Base Case State Interface Duration Curves (All Lines 230 kV and Greater)

‘ Table £.3-21 and Figure 5.3-20 represent the interface information for the Native Voltage overiay with
axisting tranamission added. The impact of adding transmission to one or some of the interfaces may also
have an effect on the energy flows of unaltered interfaces.

Tabie 5.3-21: Native Voitage Strategy State interface Summary {AH Lines 230 kV and Greater)

INTERFACE  Max Power Fow (MW) i Pewer Flow (MW @ cf cogrs Pasitive el Heurs Nequative
DK-MHEB “w 481 1,790 8,062
AW 506 00 8,678 81
AL 2.248 407 7,008 890
AMO 1,000 A 5260 3484
IANE 185 788 4,458 4297
(48D %09 1,224 2,000 5,60
LN 8720 2008 8.4 281
KT 1,198 82 8724 %

MO 2,138 20 3,080 5,704
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Table 8.3-21: Native Voltage Strategy State Interface Summary (All Lines 230 kV and Greater)

INTERFACE Max Power Flow (MW 2ol Hoors Posinve Aot nurs Negative
IN-OH 7.882 -2.385 8,531 228
M-IN 4,148 -23%% 6,302 2,458
MI-OH 2,754 -2093 6,433 2318
MN-DAK 811 3,634 420 8,340
MN-IA 1,481 -2,201 4789 3,967
MN-MHEB 788 07 20 873
MN-M 2,081 1,184 8,664 98
OH-PA 1,080 3818 3,258 SAQ7
WHL 4237 2,141 8250 501
WMt a4 -0 8358 370
* Positive numbaers repressnt flows from A o 8 (Dak to MHED) whiie negative numbers represant flow from B o A (MHEB 1o Dul.

Poww flaw from Staty A te State B

Power flow hpm Siete Bte Stote A

Figure 8.3-20: Native Voitage Strategy State interface Duration Curves
. (All Lines 230 kV and Greater)
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As mentionad previously, the 765 kV system shows thoss interfaces with new transmission have higher
wmmmmmmemwm.msmbemlnTablos.s-zzand
re 5.3-21.

Table 8.3-22: 765 kV Strategy State Interface Summary {Ali Lines 230 kV and Greater)

Interface  Max Powor Flow (MW Min Powe: Flow MW # ol Hours Postlive % 0f Hotes Negative
Dak-MHEB 544 473 1,478 7.275
1AL 5,150 1,508 8437 320
IA-MO 2,569 3,194 5,363 3,308
IA-NE 1,620 487 4314 4432
IA-SD 051 814 3,745 5,001
AW 2773 an 8,608 e
LN 11,008 4908 8490 209
ILKT 1,204 262 8,718 “
IL-MO 2,258 2323 ' 2,906 4783
IN-OH 12,019 4,000 8423 3%
MHN 4,004 2478 5533 3,228
M-OH 2004 221 6,044 2714
MN-DAK 1440 4200 208 8,363
MIGA 5931 3,450 7,444 1318
MN-MHEB 819 902 2 8738
MN-W 2422 3 8,684 7
MO-IN 2,440 92 8,194 564
OH-PA 2453 3720 4027 4730
WHL 4,984 -2,00 8.247 512
Wi 1 7 933 2303

* Posltive numbers represant flows from A o B {Dek to MHEB) white negative numbers represent flow from B 1o A (MHEB 1o Dak).
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14,000

Power flow from State A to Stata B

12,000

10,000

‘5

Power flow from Stete B to State A

—pl, )  emNE S0 =i emmLAT el MO
DAL AL bW WML mmaWEAR = MEAHER K-
e MEOH e SOH QPR =W —O-N

Figure 5.3-21: 788 kV Strategy State Interface Duration Curves (ANl Lines 230 kV and Greater)

The DC transmission [n the Native Voltage with DC overiay shows much of the same impacts with the
existing system as without Native Vollage with DC continues to demonstrate the transfer of large
amounts of energy bul siso shows thal seleclion of locations for the DC terminasis can change
characteristics of the energy flow across the system. This change in characieristics can be ssen on the
lowa and Minnesota interface and the Missourd to fiinols interface. Refer to Table 5.3-23 and

Figure 3.3-22.
Table 8.3-23: Native Voltage with DC Strategy State interface Summary

(AN Lines 230 kV and Greatsr)
inte-hace Mag Fowese Flusw (MW B P Floa (WG ot Hlean oy BEoasine g b Heres Nogabove

DK-MHER

IA-IL 7.508 -1.073 8,448 n

1A-MO FL ) -1,687 1,254 7.501

IA-NE 1,048 -2,628 638 8,120

A-SD 208 252 8,432 2322

LN 7.732 4,287 6,960 1,600

iL-XT 1,203 -233 4,889 68
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Table 8.3-23: Native Vollage with OC Strategy State Interface Summary

{ANl Lines 230 k¥ and Greater)

Biterfore Max Fower Flow (MW Kis Power Fluw (MW) 3 of Hoeors Posibve & ol Hours Negatie
IL-MO 3278 -1,683 6,451 2,304
IL-OH 8,000 0 8,367 1]
IN-QH 8,005 -2977 1112 1,048
MI-IN 4813 3,008 5,020 3,735
MI-OH 4,775 -2,808 8618 2,138
MN-DAK 718 -5,530 103 8657
MNHA 1,854 -2,608 2013 6,737
MMN-L 8,400 0 8,300 0
MN-MHEB - r 74 803 a2 8,737
MN-WI 2,119 -1,137 8,233 : 527
OH-PA 2,300 3,888 3,974 4,784
WAL 1,599 2,213 3,298 §,500
wi-Mi 1819 -1,855 7,081 1,679
* Positive numbers represent ows fom A 16 8 {Dak to MHEB) whils negalive numbers represend flow from B fo A (MHEB (0 Dek).
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10,000

Power flow from Statg A to Siste §

§

Power Nlaw from State B ta State A

§

—el, —tp A —A-NE Al =k e T — NG
et AN-OAK AN v ——AL A e MR ——— K-V
el —plOl  —fDH e QHPA 0N == MNL

Figure §.3-22: Native Voltage with DC Strategy State interface Duration Curves
(AN lines 230 kV and Greater)
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5.3.9 Sensitivity Analysis for RGOS Plans - Robustness Testing

With intsnsiva steksholder collaboration taking place under the Technical Review Group (TRG), three (3)
distinct long-term transmission axpansion scanarios have been developed to meel state renewable
mmmmmmmmnmwmnmmms in paraliel

Without further development of velus measure i both financially quantifiable
measures and non-financial megsures, il will be pramalure to determine the overall comparative benefits
of the RGOS transmission plans and select the definitive form However, with the

Wmammmmmmtmmmw
stakehoiders 10 recognize that there is a broader set of values beyond satisfying public policy needs 10
support the implementation of regional plans.

5.3.9.1 Future Scenario Selection and Weights

The Planning Advisory Commities Process (PAC) developed an amay of fulure scenarios (Futures).
RGOS used the following:

+ 31; CARP Business As Usual with high Demand and Energy Growih Ratss: Considered the
status qua scanario, with a quick recovery from the economic downtum in demand and snergy
This future scenario models the power system as It axists today with reference values

arvd frends with the exception of demand and energy growth rates.

s 82: CARP Federal RPS: Requires that 20% of the energy consumption in the Eastern
interconnect coma from renewabis resources by 2025. State mandates are the same as those
modeled in the Business as Usual Future and any additionsl renewable energy is met with wind

to satisfy the 20% renewabie energy requirement.

* 84: CARP Faderal RPS, Carbon Cap and Trade, Smart Grid and Electric Cars: Combines the
impact of multiple futre policy scenarios inlo one future. Smart grid is modeled within the
demand growth rate. it is assumned that an increassd penetration of smart grid will lower the
overal growth of demand. Electric vehicles are modeled within the snergy growth rate. Elacliric
vm:mbmaﬂ-u&wmmsmmhmrdm

s 88: PAC Business ss Usual with Mid-L.ow Demand and Energy Growih Rates: Considered
the status quo fulure acenario and continues the aconomic downturn-affected growth in demand,
energy, and inflation rates.

» $10: PAC Carbon Cap and Trade with Nuclsar: Models a daciining cap on fubwe CO2
emissions with an aggressive nuciear bulld out as carbon neutral resources.
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The flexibility provided by the multi-dimensional scenario planning analysis allows a more compiete
robusiness analysis around the long-term transmiasion plans. The weighting of the futures and how a
transmission plan performs based on the assigned weights must be taken into account in order 1o mars
accurately sslect the appropriate strategy. To achieve this end, Plenning Advisory Committes (PAC)
sactors were requested {0 provide weights for the selacted futures based on the possibility of each future
relative {o the cthers. The straight sector average weights assignad to each Auture are labulated in
.3-24.

Table 6.3-24: Future Scenario PAC Sector Average Weights

Foature Seenarns Wheagglits

A TN I ST L T

58: PAC Business as Usual Mid-Low D+E 34%
S2: CARP Fadersi RPS Future 26%
$10: PAC Carbon Futire - Carbon Cap with Nuclear _ 18%
S1: CARP Business as Usual with high growth rate for D+E 14%
S4: CARP Federal RPS + Carbon Cap + Smart Grid + Electric Cans 1%
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5.3.9.2 Robustness Testing Process and Value Measures

 As illustrated in Figure 5.3-23, robusiness tesiing involves a comprehensive value assessment for
transmission solutions utitzing a decision tree basad methodology. To perform robustness testing, each
transmission solution is tested across multiple future scenarios which it might not be designed for. The
value of the transmission for sach given future is then evaluated and quantified against a complate set of
value messures. By applying the assigned future weights to the vaiues derived from eech fulure, the
overall weightad average value ia determined for sach transmission sohution. The ultimate goal of
robustness testing is to identify the preferred tranamission strategy that can provide the best value under
most, if not alk, Ature ouicomes in order 10 minimize the risk associsted with the various uncertainties
surrounding policy discussions.
The Midwest ISO utiizes PROMOD IV®, a commercial production cost model, lo evaluate potentisl
aconomic benefits of ranamission plans. Production cost madel simulations ara performed with and
without sach developad transmission scenario. Taking the difference between these two (2) simulation
results provides the economic banefits associated with sach specific plan.

.. SOOARE” VISRDEI g«
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[ dicoutin Pon I | 2 Stead Welght &
. Seonavio % Yight i < 2

Figure §.3-23: indicative Robustness Testing Decision Tree Diagram
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A3 a key component of fransmission valua assessment, the following financially quantifiable measures
have been considersd for making comparisons on the performance of the ihrea {3) RGOS plans:

a. Adjusted Production Cost Savings where total annual generation production costs include fuel,

LMP and gen weightad LMP respectively. Adjusted production cost savings can be achieved
through rodl.u:ﬂw;n‘!I of ftransmission congestion costs and more aefficient generation
resource utikzation.

b. Load Cost Savings where load cost the annual load payments, measured by

e. Carbon Emission Reduction Cost Savings: To address carbon reduction legisistion in some
future scenarios, a certain cost on carbon is placed combined with uneconomic coal retremant

Robusiness tasting for the three (3) long-term stralegies has been focused on financially guantifisbie
measures as & starling point. There are ather banefit messures inciuding qualitative and risk factors that
need (o be taken into account to provide a more thorough analysis and allow a more complede value to be
captured through the robust business case development process. MidweatISO will continue fto
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5.3.9.3 RGOS Transmission Plan Value Assessment Results

From the aforemaentioned list of financially quantifiable measures, only the mutually exclusive or additive
measures were used to caiculate the iotsl value of RGOS transmission plane to avoid overstating the
value of the plans. The straight sum of adjusted production cost savings, capacity loss savings and
carbon emiasion reduction cost savings were used to determine the value of each plan for a given future
scenario. Although the capacity savings due to PRM reduction is additive, it has not

to time constraints. The cveral aggregated financialy quantifiable value for each RGOS pian is then
datermined by applying the PAC-assignad futurs weights to the value derived for aech future. The
financially quantifisble value results for the three (3) RGOS plans are
depending on the assumplions made fo quantify the ideniified value measures and addiiional value
measure inciusion. In genersl, the additve financially quentifiable benefits sre
mmmmm«.f«mmmmmma&w
mmiebsmlnnﬁb,ahlmdd?ﬂ%aﬁubdpmhd md&o%loadwltawngl.hlﬁlin

%
il

Value of transmission plan (par fulure) = Sum of valuas of financislly quantifable measures
= Adjusted producion cost savings + Capacily loss savings + Carbon emission reductions*
Valus of iransmission pian (overal) = Sum of value of the plan per future * future waights
=34%"Scensrio 8 +15%*Scenario 10+14%*Scenaric 1+26%*Scenaric 2+11%"Scenario 4

For each RGOS transmission pian, the value of each individusl financially quantifisble meesure under
sach given Ruture, the total value per fture and the overall weighted valug sre succinctly Fusirated
through the decision tree diagrams in Figures 5.3-24-5.3-28,

* The capacity savings dus o PRM reduction is additive and is under development for inclusion in the totel value svalustion.
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Looking at the resutts, a wide range of potential banefits are achieved across the five (6) selected futures.
Bassad on the robusiness analysis process described above, the three RGOS plans are expected 1o bring
an annual weighted financially quaniifiable benefits ranging from $1,084 milliion to $1,830 million in year
2025 for RGOS study footprint. [t is important to reiterate that values derived In this section are indicative
and have only been usad for the purpose of performance comparison among tha three (3) long-term
tranamission strategies.

B 51,184 782,9

TR
SL408, 151 4%

Figure 5.3-24: Indicative RGOS 785kV Plan Robustness T Results®

¢ The RGOS iransmiesion pians are sthl in development and the plan version used for rbustness lesling is as of May 25, 2010, AR
tha results Musiraied in the disgram are 2028 anniaal benefiie and ae calcuisied for RGOS study foolprint,
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- $1,798,106,147

1Y
B 1 ¥
$E39,090,97 “
LYk IV e
| VI At Popduciitn Coul Sosliull-
(< CHE Nalive PISE - | 4 CARPRPSCAPSIIN o S O " gl 532,008,200
$1,084,496,650 12,560,005,626 = et '

 SEPAERNNALE.

Figure 5.3-26: Indicative RGOS Native Voltage Plan Robustness Testing Results®

* The RGOS transmission pians are ¢iill In developmant and the plan version used for robusiness isating |6 as of May 26, 2010. AN
the results ilustrated in the diagram are 2026 annvel benefits and ae calcuisied for RGOS study
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[ W08 Watin L P K
$1,830,414,255
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{5200,405,342)
S5, 7 127

Figure 5.3-28: Indicative RGOS Native Voltage with DC Plan Robustness Testing Results’

" The RGOS transmission plans are sl in development and the pian wersion used for
, “mw""ﬁﬂmnmﬂumﬁn “mmmnuumumo.u
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Table 5.3-25 summarizes the annual costs, financially quantifiable vaiues, and benefit-lo-cost ratics

usl
associated with each of the three (3) RGOS transmission plans, it shows the Native with DG option
provides tha highest benefit-lo-cost ratio besed on an annual analysis in year 2025, However, before
determining an overall definitive long-levm fransmission sirategy, an expanded husiness case analysis
has to be in place with consideration of a more complete kst of value measures. Each RGOS plan has its
own tishs and other pertinent factors that may significantly impact the way the preferred long-term
sirategy is Identified, as describad in saction 1.

Table 8.3-25: RGOS Transmission Plan Coat and Benefit Comparison - 2028 USD in Miltions

Frasmmes i Plin Optiors ’r.}I*J:;i%;-,:-;‘l‘|.';»‘:'|”fi‘l“;sl ' a ::jL?l.:‘|:Ir.||:i.;Ti!4]T;:] “.‘i'_“l':‘:‘”_: i 2B C R
RGOS 788kV 4,684 1,408 0.30
RGOS Native 3810 1,084 0.28
RGOS Rative With DC 4,808 1,830 ‘ 0.38

Table 3.3-26 shows results of some addiionsl quaniifiable benefils, not necessarly financially
quantifiable, thst can be incorporated into the decision-making process. Moving forward, Midweat IS0 wilt
continue to refine tha list of value measures and develop a methodology to batter utilize non-Anancially
quantifiable value measures, as well as ensure exiansive siskeholder involvement throughout

the process.
Table 5.3-26: RGOS Transmission Plan Comparison - Other Quantifiable Measures

IR AR PA LI | EE

RGOS Native 124,637 1%

RGOS Native With DC 150,094 21%

¥ Annust cost in 20258 is caloulaled using 18.3% the Midwest IS0 arnnual sversga change rate based 2010 atiachment O and 3%
sacalaiion rate. The RGOS plens e assumad i ba in servics st 2€1M9. i la important 1o nols thal the cost eslimatee are Lsad for
beneliy-io-conl ralio calculation only.

* The iotal finencially quaniitable valug numbars ans indicsifve and ame subject i changa depanding on the assumplions on how lo
quantily the identitad valus messurss and addiiional valus messurs development.

* The boneiit-io-cost relios sre indicative and calculaied using 2025 annual vaiues only, Rot present valuss, The resulls sre only
intended o provide the comperison baiween ransmission plans reletive 10 sach other.

"' The percantags of hourly new tranamission uiization ls calcuiaied or the CARPBAL fulure anly, using the sirsight sverages of the
hourly Rows on the new RGOS iransmission lines dividad by the retings.
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6 Construction Cost Estimates

6.1 Estimating Assumptions

Cost of construction assumptions were developed through the study stakehoider process. Several
assumptions were usad to determine both capital and present value costs assacigted with the ganeration
and transmission overiays deveioped. Table 8.1-1 and Table 8.1-2 summarize capital expenditures. Not
shown in the tables is the cost for wind generation, which Is $2M par MW (2010 USD).

Tabia 8.1-1: Line Mils Costs - $Wmile (2010 USD)

$16 | $15 | 320 | $18 | $1.8 | 309 | $14 | $14 | 20 | $1.4 | $219

823 | 920 | 920 | s27 { s25 | 523 | s19 | s19 | s20 | s19 | %7

$82 | 528 | 26 | 38 | 35 | 332 ( 28 | 28 | 28 | $28 | W40

M
2344
500 321 | $18 | 318 | $00 | $24 | 818 | 318 | 518 | $1.8 | $1.8 | %28
L
k-

3075 | 9076 | 9075 | $0.75 | $075 | $0.75 | $0.75 | $0.75 | $0.75 | $0.75 | $0.75

11 $05 | 305 | %05 | 505 | %05 | $05 [ $05 | S05 | 05 | $0B | $OS

1% $05 | %05 | %05 | 05 | %08 ) 05 | $05 | 505 | $05 | 08 | 08

145 $05 | %05 | $05 | 05 | 056 | S05 | $05 | 305 [ $05 | %05 | 308

DG (OH) 522 | OH - Overheat Construction

DC(Mer) | $20 | Mar- Marine

118 %o

Table 8.1-2: Substation Costs {2010 USD)

2
138 2 $.0
181 ‘2 $0.0
230 2 $0.0
us 2 $11.8
785 2 $25.1
DC Station +/-800 KV - Bi-Pole, 6400 MW | $549.0
OC Station +/- 400 KV - Bi-Pole 1000 MW $3400
Two bays (3 CBs)
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Table 6.1-3: Transformer Costs (2010 USD)

788/048 $28.2

785/161 $20.7
765/1348 $20.7
765/118 $£20.7
5230 $8.5
61 %7
345138 $5.7
345118 $5.7
Note 785 Transformaers includa on-sile spare.

Table 6.1-4: Reactive Coats (2010 USD)

Table §.1-8: Net Present Valus Factors

Ve Factor Traasriss.on

inflation Rate 2.0% 3.0%

Book Life 20 40
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Table 6.1-5: Net Prasent Valua Factors

Tax Life 18 18
Discount Rate ' 7.0% 7.0%
O3M (% of investment) 0.20% 0.20%

Table 6,1-8: Net Present Capitalization Cost Factors

Cupdtabsanor Rt o fand

Comman 50.00% 13.38%

Short Terrn Debt 0.00% 5.00%
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6.2 Transmission Scenario Overlay Cost Estimate Results

Cost vaiues were calculated on thres levels, 2010 Capital, 2010 Leveiized Annual and 2010 $/MWh
(2010 USD) for generation and sach of the thres transmission overiays, Native Voltage (345 kV), 785 kV
and Native DC. Capital costs represant the doliar amount if an entire overiay was buill and paid for loday.
The levelized annual cost represants sn equal paymaent to be made each year for the fife of the respective
mﬂayﬂhwuhymﬂnmudvhtyﬁcduﬂ&yopﬂm(mpmnbdbyhm 6.2-1). A $MWh value

horizon. An overiay of this magnitude will be constructad across several years. When that money will be
spent ia not yet known, so assumplions must be made. The assumption used is that the earliest
Investment would be in 2015 and the latest would be 2026. As nolad in Section 1.4 Starter Projects, a sat
of initia) transmission projects have been identified. The total costs for these initial projects were spread

each overigy, reapectively. #ummnm%ummmms

TmmmmmmmhmmmmW-mi

and substations were caicuiated on a state-by-state basis, however, were aleo labeled as Joint with
respact to Midwest |SO vs PIM.

Refer lo Tabies 6.2-1 to 8.2-7 on the following pages, which provide a detailed capital cost and net
presant vaiue summary.

P
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Case No. 10-1884-EL-SSO

- 7.1 Candidate Multi-Value Project Identification Process

.

the renswable resource requirements. Midwest ISO staft has developed an analytical framework 0
identify the best potential iransmission projects. Thess RG(OS-identifled projects will raquire additional,
more detsiled analysis. Becausa a Midwest SO lfong-range transmiasion expansion sirategy has not yet
Mduemmm“mmmammofmmdy.ibhmnhmmu
potential transmission projects do not pra-determine Midwest ISO long-range sirategic aims. it is also
important to note that these transmission projects prove compatible with all potential strategies.

The RGOS inputs into the Candiiate Mulli-Value Projects (MVPs) portiolioc were identiiad by mesns of
the process ouliined beiow. Please note that other studies were considered in coliecting the Candidate
MVP portfolio; not all of the projects in that portfolio are from the RGOS study effort.

Stap 1: identily useful corvidors common to multiple Midwest ISO studies.

Corridors represent general patha for transmission that do not discriminate between voltages or potential
intermediate connection points. Studies 1o be considerad when identifying corridors include the foiowing:

« Regional Generation Outiet Study overiay development results
= Generstion Interconnaction studies:
- Definitive Planning Phase (DPP)
~ System Planning and Analysis (SPA)
s MTEP related studies:
- MTEP Appendix B and C projects, which address future refiabiiity concermns
- Top congesied flowgate studies
- Cross-border top congested flowgate studies
- Narrowly constrained sreas
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Step 2: identiy RPS timing needs and synchronize with Generation Interconnection
Queus (GIQ) locations.,

Refer to Table 7.1-1, which shows renewabia portfolio requiremants starting in 2015. All states within
Midwest (SO with RPS mandstes or load-serving entity goals are listed.

Tabte 7.1-1: Renewable Portfollo Standard Requirements

OH MQ mT

{Of Energy Served) (VW)

2015 | 10.0% | 12.0% | 18.0% | 10.0% | 10.0% | 3.3% | 5.0% | 15.0% | 5.5% | 10.0% | 10.0% | 105

2096 | 10.0% | 17.0% | 25.0% | 11.5% | 10.0% | 4.5% | 5.0% | 13.0% | 6.0% | 10.0% | 10.0% | 105

2017 | 10.0% | 17.0% | 25.0% | 13.0% | 10.0% | 5.5% | 5.0% | 13.0% | 8.5% [ 10.0% | 10.0% | 105

2018 | 10.0% | 17.0% | 25.0% | 14.5% | 10.0% | 8.5% | 10.0% | 150% | 2.0% | 10.0% | 10.0% | 108

2019 ] 100% | 17.0% | 28.0% | 16.0% | 10.0% | 7.5% | 10.0% | 13.0% | 7.5% | 10.0% | 10.0% | 108

2020 | 10.0% | 20.0% | 30.0% | 17.5% | 10.0% | 8.5% | 10.0% | 13.0% | 8.0% | 10.0% | 10.0% | 105

2021 | 10.0% | 20.0% | 30.0% | 19.0% | 10.0% | 9.5% | 15.0% | 15.0% | 8.0% | 10.0% | 10.0% | 108

2022 | 10.0% | 20.0% | 30.0% | 20.5% | 10.0% | 10.5% | 15.0% | 15.0% | 8.0% | 10.0% | 10.0% | 108

2023 | 0.0% | 20.0% |300% | 22.0% | 10.0% | 11.5% | 15.0% | 15.0% | 8.0% | 10.0% | 10.0% | 108

2024 | 10.0% | 20.0% | 30.0% | 23.5% | 10.0% | 12.5% | 15.0% | 15.0% | 8.0% | 10.0% | 10.0% | 105

2025 | 10.0% | 25.0% | 30.0% [ 25.0% | 10.0% | 125% | 15.0% | 15.0% | 8.0% [ 10.0% | 10.0% | 108
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Locations of genaration interconnection quaue requests to the Midwest IS0 fransmission system can be
seen in Figure 7.1-1. This map represents wind queue locations as of the end of July, 2010.

Figure 7.1-1: Location of Midwest ISO Gﬁntratlon interconnection Queus Requests
Step 3: Evaluate constructability of transmission.
Conatruction dynamics possibly requiring longer lead times for projects includa the following:

Certain

intersiste tranamissaion coordination

River crossings

mmdm;l.e..amﬂm«wmm“mﬂm
group is constructad first

Midwast ISO/P M cross-border projects .
may have shorter lead timas; for example, when stringing sacond circuits on “existing”

projects
double circult capable transmission structures.
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7.1.1 RGOS-identified Candidate Multi-Value Projects

An initial sst of ransmission projecis was identified using the inapection stepa described in section 1, and
served as an input into the design of the overall Candidale MVP portfolio. Seiected Candidale MVPs are
compatible with RGOS-developed overiays and provide potential value for other needs identified within
the transmission system, such as congestion relief and mitigation of reliabliity concams. Refer t0 Figure
7.1-2, which depicts Candidate MVPy from the RGOS analysis. Estimated cost for this RGOS Candidate
MVP set is approximately $5.9 Bilion (2010 USD), $4.4 bilion of which is within Midwest ISO

- Figure 7.1-2: RGOS-identifled Candiiate Muiti-Value Projecis

The following numbered list corresponds to the numbered identifiers in Figuwe 7.1-2 and fumishes
additionsl details on the rationale guiding spacific Candidste MVP selection.

1. Big Stone to Brookings 348 kV line (2010 sstimated instafied cost: $150M): This line
. provides access to and collection from renewable enargy sreas located in the sastern South

2. Brookings to Twin Citles 348 kV fine (2010 estimated Installed cost: $700M): This line, as
approved the Minnesots Public Utliities Commission, dallvers energy from the Buffalo Ridge area
to & major load canter in the Twin Citles and beyond. This 345 kV project also provides collection
points for ranewable enargy, as well as reliability benefiis. This corridor is identified in all RGOS
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Case No. 10-2596-EL-SS0

regardiess of the long-range transmission

lines (2010 estimated Installed cost: $811M): The develcpment of these comidors will provide

for the continuation and extension of the wast to aast transmission path to provide more areas

with greater access to the high wind areas within the Buffsio Ridge and bsyond. These corridors
axpansion strategy adopted by Midwest 1SO; e.g., Native Voltage, 785 kV, and 345 kV plus DC.

§. Sheldon to Webster to Blackhawk to Hazleton 348 kV line (2010 estimated instalied cost:

nmmmmammumbmmmm

o\mhyl mmm;mmmuummmm

are compatible with the RGOS overlays as well as other siudies such as the GIQ SPA and DPP

studies. Thess projacts can be
mmaﬂmWMhmthdﬂmdwhmm

$458M): This set of transmission projects provides both a collsction of renewable energy In high

4. North LaCrosse to North Madison to Cardinal, Dubuque to Spring Green to Candinal 348 kV

ik mw.. m«.hw mmmmm

: HHHTL
mwmm mmm m” mmmmm
wwmm m w mmmm

mmww mwmm mmmwmmwmmm
) mw il mmmmm Wm
i el
kA HTTH
L i s mwm
wmmm whmma mmmm mw i
m mmmm m i mwmwm
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ke 765 kV line (2010 estimated Instalied cost:
the PJM system in northem lilinois and indiana. This

provides

the fop 20 historical top congesied flowgates within the Midwest ISO market. With the incressing
prassure of wind within the Midwest 1SO and the PJM portion of lllinois, specifically the Kewanee
area, this transmission line will heip relesse known and projected congestion associated with the
transmission systems along Lake Michigan'a southern shore,

Michigan Thumb 348 kV transmission loop (2010 estimsted Installed cost: $510M): This
loop was evaluated under an Out-of-Cycle procass for inclusion in MTEP1D Appendix A and
approved by the Midwest ISC Board of Directors (BOD) in its August meeting. This accelerated
raview was required to meet the near-ime needs of the Michigan renewable snergy mandate.
mmmummmuddmommmuneosmmwm
access to a high wind potentiat area within Michigan.

Davis Besse to Beaver 348 kV line {2010 estimated instaliad cost: $71M): This tranamission
access 10 and delivery of wind energy polential located around the shores of Lake Erie
within Ohio. There is GIQ generation in the ares and the tranemission is identified within all of the

RGOS-developed transmission strategies.
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8 Going Forward

No consensus exista regarding the amount of renewable generation ultimately needed to

current and fulkure RPS mandates. Some assert a much higher level of wind generation will be required
than those Incloded in RGOS analyses whils others claim a lower amount. Regardiess of the long-term
unceriainties engendered by expansion or reduction of renewable energy standards, states within the

* '..‘ '\ W fooa'nd " 4 ‘: T
-t st ‘ . - -
By » Rl .
= ! :{r 1 - ‘. ! . e \

~., i ——_ - ] | g

Figure 8-1: Proposed Midwest ISO Candidate Multi-Value Project Portiollo 41
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Candidate MVP porifolio analysis is designed (o be a fluid, adaptable, and dynamic planning approach
based upon the concept of providing a high lavel of benefits reigtive to project cost under a number of
dﬂhrmhm«possibllﬂu.cuminm tregiondplanmatrdiablymdefﬁcienﬂydalwsvduom
load. In the MTEP11 study cycle, this portfolio will be thoroughly evaluated to ensure project value and to
confirm system reliability with all Candidate MVPs included, with a goal of moving any applicable projects
to MTEP Appendix A as MVPs. In 2012 and subsequent years, Candidate MVP portiolio analyses wil
continue to develop portfolios addressing long-term system value drivers and needs.

A Candidate MVP portfolio has been identiied by analyzing transmission needs from multiple
transmission and economic studies, which include the following:

= RGOS
=  Studias conducied in the generation interconnection process
« Congestion studies such as the Top Congested Fiowgate Study and the Cross Border Congested

= MTEP reliability studies

Transmission solutions from these studies were evaluated for comparability and abiiity to be buikt within
the near-term. These projects will continue to be evaluated in more detall into 2011, both to ensure
project robustness and to confirm system reliability with inclusion of the Candidate MVP porifolio. This
anslysis was previously referred to as “Starter Project” analysis, but nomenciature was modified to further
align its evalustion with the July 15™ cost aliacation filing at FERC.

Tomhﬂvdmafheprojwbh captured, Midwest ISC will continue to

davelop the set of metrics and mathodoiogy used t0 svaluate the total value of a porifolio of projects in
the robustness testing siep discussad in saction 4. This refinement will take place with heavy stakeholder
mmmwmm“mmmmcmmwmmnmm
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Appendix 1: Site Selection Methodology

Al.1 Developing Wind Resource Datasets

In this task, high resolution (2km x Zkm) mesoscale wind data was developed for years 2004, 2008, and
2008 in 10-minute intervals at various hub heights. Mesoacale is a term used to deacribe a three
dimensional numerical weather model. AWS Truswind detarmined the best mesoscale model and
configuration to use for developing its high resolution wind resource dataset by testing and validating &
number of polentisl modeling configurations. The validation coversd one full year of simulations and

the resulls with actual wind measurements from ten measursment siies throughout the study
region. Results of this model included, tsmperature, pressure, wind speed, wind direction, wind denaity,
turbulent kinetic energy at five heights, specific humidity, incoming long-wave and short-wave radiation
and precipitation. With s validated mescscale wind dataset it was then possible t0 modet power output for
various wind farm configurations at various hub heights.

Al.1.1 Site Selection Process

The gosi of this task was 0 identily potential wind sites In the study region, both on-shore and off-shore,
with & combined total rated capacity of at least 3,000 gigawalts (GW). An additional task, through a
selection process, was 10 identify a subsat of thoss wind sites totaling 600,000 megawalts (MW) from
which to develop a wind datsbase.

Providing a consistent set of resource estimates for ranking and selecling sites required the preparation
of a seamisss map of 11-year average wind speeds at 80 meters height for the EWITS region. A
represantative example wind speed map is shown in Figure A1.1-1. The map has been renderad using
Ventyx Velocty Suite' and is a representation of wind resources scross the

compiled from both state and regional sources; thus, level of detall may vary. The scale ranges from
Class 1 winds under 12.5 mph to Class 7 winds over 10.7 mph. This image is displayed st 500-meler
While the EWITS and JCSP study regions were the same,

;
f
7
g
i

_%

" Vantyx®, Velocity Sulle® 2008
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Figure A1.1-1: Exampie of US Wind Resource Map

Figure A1.1-1: Site Selection Wind Development Area
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Using the 11-year average wind speed at 50 meters, 8 map of the estimated net capacity factor for a
composite |IEC Class 2 wind turbine was then created,

These maps are created using Geographic information System (GIS) software, which allows the spatial
representation of the data on a mep in unique layers. In addition to capacily facior, other layers such as
land ares, topography, lakes, rivers, cities, metropolitan areas, state and federal lands, aimorts, siope,
etc. were utilized. Using the capacity factor map and an assumption for how many wind turbines could be
placed in 2 specified area allows estimation of total potantial wind capacity and energy in the Eastem
United States. Any areas where it is undaesirable or impossible for wind turbines to be iocated were
exciuded from consideration. With a capacity factor map tayer combined with an axclusion map layer,
net potential wind development coukl be determined for the study region. Mape of exclusion areas to
apply to the sile selaction process were created and the various critedia are listed below.

*  Maps Layers from the USGS Nationsl Land Cover Database (2001):
- Open Waler
~  200m buffer of Developed Low Intensity
—  500m buffer of Developed Medium Intensity
~  500m buffer of Developed High intensity
~  Woody Wetiands
-~ Emergent Harbacsous Wetiand
=  Map Layers from the ESRI dats base:
~ Parks
~  Parks Detailed
- Federal Lands (non - public)
~ 10,000 buffer of small airports (sfl hub sizes)
~ 20,000t buffer of large sirports (hub sizes medium and large)
s Mup Layers from the Conservation Biology institute;
- GPACT valuaof1, 2, 7 & 8 (Typically thess are managed aceas, pubiic and private)

done by the JCSP, NREL identifiad target amounts of wind capacity within each state. These combinad
methodoiogies prodticed over 7800 sitea totaling over 3,000 GW of rated capacity. Mesoscale wind data
was applied o potential sites identified from this Het.
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Refer to Figure A1.1-3,
N S

11 Your fvg Capesiy Faslivy
B noEm )

Figure A1.1-3 Potential Sites for Onshore Site Selection by Capacity Factor
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From the 7, sites in site selection list, NREL identifled 1,513 sites totaling 851,081 MW, for AWS
Truewind to apply the three {3) years of 10-minute mesoscale wind data. Théss 1,513 sites are referred
to as the "selected sites’. These sites are shown in Figure A1.1-4,

Figure A1.1-4 NREL Selected Site for Mesascale Wind farm Modeling

The NREL-selected sites with the mesoscale wind modeling are available in on tha NREL website for
years 2004, 2005, and 2008. Throughout this process, Midwest ISO worked with NREL, reviewing data
and providing feedback. Having modeled wind in the past; reviewed numerous wind studies; worked with
stakehoiders, wind deveiopers, state reguiators, conducted the JCSP study, and with a need for wind
dawinmgzgstudmandftﬁwestudiu.MidwedlSOwasinauniquoposiﬁmbpmﬂdafudbackand
review the .
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From this reviewing process, Midwest ISO identiffed an additional need outside of the scope of the
original request of AWS Truewind. Midwest 1SO performed a gap analysis of the wind siles sslected and
identified additional sites whers it wanted mescscale wind date deveioped. NREL was able to work with
AWS Truswind 10 incorporate these additional sites, and the dats is included on the NREL webaita. Refer
to Figure A1.1-8,

Figure A1-8 NREL and RGOS Study Region Selected Sites

A1.2 Generate Wind Plant Qutput

A detailed sxplanation of the procedure to calculate the wind plant output is on the NREL websits. AWS
Truewind ran a simulation model to convert the mesoscale wind data 10 the selected sites. Blended power
curves were then created and used to caiculate the power output of each site. The Intemational
Electrotechnical Commission (IEC) 1 and 2 curves were based on a composite of three commercial
turbines (GE, Vesias, Gamesa brands). The IEC 3 curve was based on two tubines (GE 1.5de and
Gamesa G90). The IEC 1 and 2 turbines were assumed to have a hub height of 80 m and the IEC 3
tusbine 100 m.

A single texd fiia for the oulput was created for each silm. The oulput included 10-minute simuisted wind
speed at 80 and 100 meters, with power outputs for IEC clasa 1 and 2 at B0 meters and 1EC class 3 al
100 metars. Al oulputs were time stamped to Greenwich Mean Time (GMT). In addition, the program
- gselected the most appropriate IEC class based on the maximum mean spaed within the site adjusted for
air density, for the specific year of study. Since the dats was developed for ysars 2004, 2005, and 2008,
the selecied turbine class could vary in differsnt years. ANl turbines in the plant wers the same typs (1, 2
or 3) as determined from the average wind speed with an adjustment for site altilude. The power outpul
for the selectsd IEC class is provided in the last column of the file. A header s provided for sile
identifying the site number, its rated capacity, the selecied IEC class, and the losses for each turbine
class. The 10-minute dats may be converted to hourly data by taking the average ouipid for sach hour.
This methodology was accomplished by Midwest ISO and NREL in their studies.



Case Na. 10-1586-EL-350

Poge Li2 o7 148

Al.2.1 Forecasts and One Minute Samples

AWS Truawind produced hourly foracasts for three different time horizons: next-day, six-hour, and four-
hour for use in hourly production modefing. In addition, they developed one minute samples of wind
generalion. The procedures are described in depth in the documentation on tha NREL weabsite.
Al1.2.2 Wind Statistics
= Onshore Site Selection:
- 7.850 sites considered with a capacity of 3,086,815 MW.

- Range of selected sites 11 year average capacily factor is 18.2% to 49.0%, the average
capacity factor is 33.0 %.

= Meaoscale Datas containing the following:
- Datain Gresnwich Mean Time (GNIT)
- 10-minute data for years 2004, 2005, 2008
~ Power oulput for IEC 1 & 2 turbinea at 80 meters and IEC 3 turbines at 100 meters
- Wind speeds at 80 and 100 meters
- Max capacity, preferrad turbing type and losses provided for sach site
- Onshore NREL Selected Sites
— 1,326 sites selected by NREL with a capacily of 580,763 MW

Table A1.2-1: Onshore Sie Selection Capacity Factors by Year

WMinnam Maxiram

2005 Capacity Factor 30.3% 2.4% 80.9%
2008 Capacity Factor : 374N 42% 82.1%
3 Year Average Capacity Factor N0 0% 1%

*  Onshore Midwest Additional Sites:
- 187 additional sites selected by the Midwest ISO with a capacity of 70,328 MW
- 1,513 total sites totaling 851,001 MW with mesoscale wind dats developed
- Theee (3) Year Annual, Min & Max capacity factor for all 1,513 sites of 38.5, 2.3% and 82.5%
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Refer to Figure A1.2-1, which shows the distribution of all selected sites by rated capacity. The buk of the
sites fall between 200 MW and 800 MW in size. A smali number of “megasites” with rated capacities
exceeding 1000 MW were also chosen. All of the megasites ara located in the Great Plains.

Selected Site Capacity Distribution
{1,510 Sites)

Number of Sites

'8 888888 38888988§8 8

Rated Capacity {MW)

Figure A1.2-1: Distribution of Sile Capaclty for all 1,513 Selected Onshare Sitae

The following figures represant the minimum and maximum system wind for the NREL sites for each year
of meacscale deta. To understand and visualize the mesoscale date, Midwest IS0 created thematic maps
which representsd the power output for the aastem interconnect in a color coded map corresponding to
the wind power. To illustrate the hourly variance of wind, multiple images were crested and combined into
‘wind movies' for 2004, 2005, and 2008. These movies represent the mesoscale hourly power output of
the NREL selected sites.

The data is presanted as per unit power output with red having a vaiue of 0.9 and dark biue with a velue
of 0.0. Thess movies are available to downioad at the following website: itp:/wway jcspatidy org/. The
Figures A1.2-2 and A1.2-3 showing minimum and maximum system wind were taken from the
wind movie.


http://www.k5sPBhidv.Qrgf
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Figure A1.2-2: Minimum Power Output of the NREL Selectad Sites for Each Year
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. Figure A1.2-3: Maximum Power Output of the NREL Selected Sites for Each Year
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A1.3 Renewable Energy Zone Scenario Development

Al1.3.1 Wind Analysis
Several capacity factor mairics were caiculated to analyze the wind data to determine the appropriate

measures for ranking the renewable energy zones. The

pupose
metrics was to first answer questions about the variabiiitly and timing of wind
determine if there were areas where wind energy performed better. A atatistical analysis of the data had
1o be parformed to be able to questions such as the following:

* s using the thres year average capacity factor snough or should the capacily factor for sach year
be considered a separate critaria?

s muawmmmmammwmmmumm
produce mors energy during on-peak hours?

»  Doss wird really blow more in the evening than during the day?

To provide answears, a range of statistics was created based on time and applied to sach site. The various
capacily factor metrics are described In Table At.3-1, below.

11 Year CF

Table A1.3-1 Summary of Capacity Factor Metrics

Capaony baclor q2F 5 Meteg

CF based on 11 year sverage wind speed at 80m

for sxamining the various capacity factor

and siso o

2004 CF CF for 2004
2005 GF CF for 2005

2008 CF CF for 2008

3 Yew CF Average CF for 2004, 2006 and 2008

On-pesk CF 3 yoar CF for hours between 8am to 10pm EST

Aftemoon On-pesk CF 2 yeur CF for hours betwasn 3pm to Gpm EST

Summer On-peak CF 3 your CF on-peak hours for June, July and August

Summer Aft On-pesk CF 3 year CF for aftemoon on-peak houra for June, July & August

Oft-pesk CF

3 year CF for hours betwesn 10pm to Gam EST
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Average Capacity Factor Metrics by State
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Figure A1.3-1 Averags Capacity Factor Metrics by State

Maximum Capacity Factor Metrics by State
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Figure A1.3-2 Maximum Capacity Factor Metrics by State
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Minimum Capacity Factor Metrics by State
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Figure A1.3-3 Minimum Capacity Factor Metrice by State

Some other metrice developed for
wind sites to distance from each other. The following figures demonsirate some of the results from

inciude cometation of wind to load, ramp, and comelation of
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Figure A1.3-4 represents the wind output correlation to load for Midwest ISO. A comrelstion of 1.0 s a
perfect correlation, meaning load and wind exactly match sach other. A corralation of 0.0 represents no
correlation, meaning that load and wind act completely independent of sach othar. The correlation values
demonatrate that there was not a strong correlation batwean wind output and load. In other words, one
cannot generally expect a specific wind cutput based on load levels. However, in genersl, wind oulput is
typicalty higher during off-peak hours as opposed to on-peak hours (when load is less) as shown in the
previous figures. Similar results hold true on a state by state basis for all the states in Midwest ISO.

Correlationof Wind to Load Correlationof Wind to Load
AN Hours - Midwast 150 On-Pask - Midwest 130

F ] L [ ] ] e
Correlation of Wind to Load Correlation of Wind to Losd
AfRternesn On-Posk- Midwast 130 S On-Pogk - Midwest 190
o a
02 02 2
a1 < a1
0 o
al a
o8 ' as
[ ] e L ] amb 1008 [ ] F_ L] [ ] e o
Carvelation of Wind to Losd Corretationof Wind to Losd
Sumnar Aftarnoen Dw-Pesk - Midwest (50 Of-Pack - Midwast 50

ns
:: ogp $00 o
[
a1 ] LS
0.2
03
° o - ™ " T . T s - r tete

Figure A1.3-4 Correlation of Wind to Load in the Midwest ISO
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Hourly ramping of the wind was calculated by looking at the deita of wind output from one hour to the
next. A distribution of these values was crested and a comelation to load ramp was caiculated. As
axpected, the correlations were relatively close to zero and insignificant. Refer to Figure A.3-5 for nssuls
from fowa (IA), ilincés (L), Minnescta (MN), and Wiaconain (WA).

N Comviation Wind Ramp 4o Load Ramp WA Comelation Wind Ramp to Load Remp
Aronge=i % Avarage = 8%
o
L
0.1 i o \ J
0 : 28 | * . LR
o —y 2 s oce Lovie. .i° ¢ & o
. ) . »
008 *W%—‘w 2 y 008 1% + !1‘»"_: M
RE D . ." . v * *
= TN i . - 0 M
- 50 100 %0 0 i .
.08 o 0 L ] L 108
1A Correlation Wind Ramp to Losd Remp L Correintion Wind Ramp %0 Load Ramp
Avarngen % Averige = 3%
(Y] — — 0.12 .
o e o .
oar ry 00 A
0.08 *H . r . * - [
0.08 008 t“—. - 2
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Figure A1.3-8: Correiation of Wind Ramp to Load Ramp



Figure A1.3-6 represants the corelation of individual sites 1o each other. The green line represents
distance separation east to west, the biue line north to south. The figure demonstrates that as the
distance between two sites becomes large, the correlation of the wind at those two

words, the further apart two sites are, the lass likety they will have simiiar wind profiles. This is an
expectation since two (2) siles located next 1o each
factor characteristics. ‘
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Figure A1.3-8: Comalation of Wind Sites to Distance
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Table A2-1: Midwast 150 Region State RPS Requirements
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Gan, Wind, Glomase,

Soler Tharmal Eleciric. Photovalisics, Landil
Hydroslacric, Municipal Salld Wasle,
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Appendix 3: Indicative Transmission Design

This Appendix depicts and describes the indicative transmission overiays resulting from formulation of
five (5) renewable energy zone scenarios. Also refer to section § of this document, which provides greater
detail on design process background and results. These scenarios include the following:

*  Local: In the Local scenario the renewable energy requirements and goals will be met with
resaurces located within the same state as the load,

* Rsgional: in the Regional scenario ranewable energy requiremenis and goals will be mat with
resources located in the highest ranking renewsble energy zones regardess of the zones

* location relative to the RGOS II load. This scenario will utilize the high capacity factor zones
recommended by UMTDI from RGOS i.

* Raglonal Optimized: The Regional scenario resulls in capacily in excess of whal is needed o at
laast cover the renewable requirements/goals. in the optimized case the capacity in some zones
reduced such that thera is just enough resources o cover the requirements/goats.

s Combination 50/30: in the Combination scenaric renawable snergy requirements and goals will
be met with a combination of 50% of the resourcss locatad within the sastern stales (RGOS )
and 50% from the westem stales (RGOS VUMTD{). Emphasis will be given to state requirements
fo locate part or all of thair resourcas usad to maat renewabia snergy equiremants and goals -
within those states.

» Combination 78/28: This scenario is similar to Combination 50/50 except that 75% of the
renawable energy requicements wikk be met from the west states (RGOS UMTOR).

The following tables and charls depict results from the indicative transmission workshap whersby the
renewable snergy zone scensrios above were used 10 develop indicative ransmission overiays t0 serve
the energy and capacity from each scenario. This work was accomplished using several ransmission
build-out possibiities that included 345 kV, 768 kV, and DC.

showing transmission mileage, a
transmission overiay.

§
5
{
s
i
|
:
&
:
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Case No, 10-2506-EL-SS0
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A3.1 Local 345 kV
Refer to Tables A3.1-1 and A3.1-2.

Table A3.1-1: Local 345 kVSum of Line Lengths (Miles)

Tt
Lt

OH PA Wi Length

345 1001 | 999 188 2 230 | en 2281 80| 4408
793 193 268 482
|22 44| 28 187 2701 so| 18| arrs
Grand Total 1485 | 1297 | 37 ] 2831 | o1 654 10| s

Ty RN

45 $1.501 | $1.900| 3330 3488 $480 | 811 $455 | $2,201 $8,054
785 $702 $1.070 $n,772
2345 $053 $818 | 443t 8,753 $148 $408 $6,309
Grand Total $2484 | $2818 | $TTO $1,180 | $7.212] se11] 314873 | 2008 | $10.108
Generution Totsl Coats {2010 USO in Millons)
MW of Capacity Cost (M$) Trarsmission $19,138
48,708 $91,400.00 Genaration $91,400

Transiormen

Substations

Reactors

Totsl $110,5%8
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Refer to Figure A3.1-1,
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Figure A3.1-1: RGOS Local 348 kV
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A3.2 Local 765 kV
Refer to Tables A3.2-1 and A3.2-2

Table A3.2-1: Local 785-kV Sum of Line Lengthe (Miles)

Totat

Line

MN Dak MO OHA Wi Length
245 wor| 1008 10 w8 20| en| 28| se0] 4200
765 22| 208 an 260 1416
2048 sa| 28 2701 18| asoe
Grand 1es| 1674  sos B8] 21| e14| ase| 1e1e] 204

Table Ad.2-2: Local 788 kV Sum of Total Cost

MHN Dak

348
768 $1.818 $1.741 $1.148 $1.074 LN
2-348 95 $618 8,753 OB | 870
prand $2484 | S4m43 |  $1.8%0 $1,002 | $7,202| sa11 | 91,62 | 52,008 | 422,200
Generation Total Costs {2010 USD in Millons)
MWolCapacity  Cost (M9) Transmistion $22,290
45,700 $91,400.00 Generstion $91,400

Translomes

Subsiations

Reaciors

Totel 3800




Refer 1o Figure A3.2-1.
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Figure A3.2-1: RGOS Local 768 kV



Case No. 10-2386-EL-$50

A3.3 Combo (50/50) 345 kV
Refer to Tables A3.3-1 and A3 3.2,

Page 12907 149

Table A3.3-1: Comba (50/50) 345 kV Sum of Line Lengths (in Miles)

Tl

Line

MNDsh MO OH.PA Length
345 1162 97 224 108 230 | 488 B8O 4182
785 59 1685 155 3719
2.345 454 152 254 2m o4 138 3790
Grand Total 1818 | 148 884 ) 31 | 48 249 1018 8381

348
768 $261 3509 521 $1,474
2348 $953| 04| 8585 $6,753 $234 | se08| 90,325
ey s200 | 32307 | 12re|  seae| s7212| sees| sess| sze08 | sveare
Generation Totel Costs (2010 USD in Millons)
MW of Capacity Cosl (M$) Transmission $18,470
258 $45,300.00 Generstion $88,300

Transformen

Substtions

Reactors

Total L




Refer to Figure A3.3-1.
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Figure A3.3-1: RGOS Combo {S0/50) 345 KV
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A3.4 Combo (50/50) 765 kV
Refer o Tables A3.4-1 and A3.4-2.

Tabls A3A-1: Combo (80/80) 768 kV Sum of Line Langths (in Miles)

Teostal

Line

MN. Dk wi Lergth
345 3| m 83 196 a| o 88| 2642
758 o0 508 280 e 1188 324 232 152 /N
2-345 197 1338 59 2 1818
Grand
Tots 12| 1278 83 818 287 L 1011 7880

Table A3.4-2: Combo (50/50) T65 Sum of Totsl Cost

AN Dk

345 $504 | $1.543 $188 $353 $68 | sar7 $2.070 $5,141
788 $2.73 | 2121 | $1.144 $1,148 | $5.507 | 91,3681 047 776 | $15,028
2-345 $414 $3,344 $147 $62 $1.670
T $3.010 [s300a | 90312 s1002] 99,000 | 51,620 | 1,004 | s2.000 | 20037
Generstion Total Costn (2010 USD in Mitlons)
MW of Capacity Coet (M$) Trensmission 24,937
32,480 $68,300.00 Generalion $065,300

Transformers

Subsistions

Resclors

Totsl $90,237




Rafer to Figure A3.4-1.
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Figure A3.4-1: RGOS Combo {50/60) 765 kv



Case No, 10:2586-EL.880

A3.5 Combo (75/25) 345 kV

Refer to Tables A3.5-1 and A3.5-2.
Table A3.5-1: Combo (78&/25) 345 kV Sumn of Line Langths (in Miles}

Page 133 of 148

Tl

i

MM Dok WA O PA Letgth
348 182| 997 241 198 20| 408 ga0] 4192
765 50 185 158 arn
2345 454 | 132 254 2701 M| 138 3760
%‘:’ 1010 | 1148 58 |l 31| am 10} sam

Table A3.5-2: Combo (78/26) 348 kV Sum of Total Cost

MM [k

M OH

PA

S5 $1,743 | $1.003 $434 $353 $480 | $406 $2.201 $7.870
785 $261 $593 $e21 $1.474
2-048 $963 1 5304 $585 5,753 $234 $408 $0,228
ey sse0 [ 32307 | $1.279 ses| 97212 [sane| sess| s2008 | s10ame
Generation Total Costs {2098 USD in MNons)
MW of Capacily Cost (M$) Transmission - 518470
31,180 $62,300.00 Generation 362,200

Transiormen

Subsistions

Reaciory

Tolsl $80,770

Refer to Figurs A3.5-1.
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Figure A3.8-1: RGOS Combo (76/28) 348 kV
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A3.6 Combo (75/25) 765 kV
Refer to Tables A3.6-1 and A3.6-2.

Table A3.8-1: Combo ({75/25) 788 kV Sum of Line Langtha (in Milsa)

Tatal
L ne

MNDak MO CHFA W Length
248
768 50| 505 260 ae| wes| 2| 23| 1e2| 223
2345 197 1338 0| 2] 88
Srend 1200 12r7| e sis| 2097| eot| 208| 1011| 7880

Table A3.8-2: Combo (75/25) 788 kV Sum of Total Cost

Grand
[l

MN Tlak M O PA

) $664 | 31,543 | $168 $353 560 3277 $2070| 5141
768 $2.721 | $2121 | $1,144 $1.140 | $8.597 | 31,361 47| 76| 315820
2346 $414 _ $3.348 sia7| se2| 3870
Srand $3.010 | s3004 | 51312 |  s$1.502| snc08] 1838 | sr.00 | s2000 | 824837
Generation Total Costs (2010 USD in Millons)
MW of Capacily Cost (M3) Trangmission 24,997
N8 $62,300.00 Generation $82,300

Tranglonrs

Substations

Reaciors

Tolal $87,237




Refer to Figure A3.8-1,

Case No. 10-2586-EL-SSO
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Figure A3.8-1: RGOS Combo (75/26) 765 KV
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A3.7 Regional 345 kV
Refer to Tables A3.7-1 and AJ.7-2.

Tyne (k)

Tabile A3.7-1: Regional 345 kV Sum of Line Lengths (In Miles)

Tetal
Line

MN Duk Mo OH PA [ Lergth

245 887 | ess| a0 198 214| 408 797| 3408
1788 150 L) 269 487
245 720 152 3439 208 | 4608
400 & 60
800 35| s32| 4 20| 20| 3| 13| 2332
Srand 2101| 1s83 190| ao00| 7e| es2| taur| tomd

Table AS.7-2: Reglonal 345 KV Sum of Total Gost

N Gk i1 OHPA
345
745 $831 324 $1.078 $2,031
2-345 $1532 | 5304 33,568 $850 | $11,382
400 $887 $087
800 $3.159 | $7,225 | $7.131 $3,030 | 51,718 | 38854 | $1.437 | 3530581
e $6,052 | 59,308 | 37,202 3363 | $12,308 | 52201 | $7.9%0 | s5,478 | se1,200
Generation Total Costs (2018 USD in Mitlions)
MWol Capacity  Cost (M$) Tranamission $51,200
33,450 $04,900.08 Genarstion 558,000

Transformes

Substations

Reactors

Total $115,180




Case No, 10-2586-EL-SSO

A3.8 Regional 345 kV Optimized

Refer to Tables A3.8-1 and A3.8-2.

Py (hV)
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Table A3.8-1: Reglonal 345 kV Optimized Sum of Line Lengths (in Miles)

Toal
Line

MM Dok MO OHPA Wl Leagth
5 87| ses| 9 198 214 ao8| 797 2488
765 150 67 269 487
2345 %] 1% 3430 00| 408
400 60 60
800 3| s:2| 489 oo0| 20| 23] 13| 232
Grand Totel 2101 | 1883 1| eca| ns| e2] 1247 10973

Table A3.5-2: Reglonal 348 kV Optimized Sum of Total Coat

AN Yk ile; OH A

345 $1,330 | $1,739 L 14 $353 $427 | 4488 $1.003 | $6,298
785 $831 $324 $1.078 $2,031
2:348 $1532| S04 $8.508 $850 | $11,382
400 887 soa7
800 $3,159 | $7.228 | $7.1 11 $3.000 | $1.718 | $5.854 | $1.437 | £30.501
Grand Total $8.052 | $9.350 | 47,202 $353 1 $12390 | $1.201 | $7.900 | $5,17¢ | $51,280
Ganeration Total Cosis (2010 USD in MERONS)
MW of Capacily Cost (M$) Transmission $51,260
30,400 $60,800.00 Generation $50.000

Transformers

Substafions

Reactors

Total $912,080
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Refer to Figure A3.8-1.
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Figure A3.8-1: RGOS Regional 345 KV (with Optimized)




Case Ne. 10-2586-EL-8S0

A3.9 Regional 765 kV with DC

Refer tv Tables A3.9-1 and AJ.0-2.

Table Ad.9-1: Regional 7656 kV with DC Sum of Line Lengths (In Miles)

Page 140 of 148 |

Totai
Earue

Length

MM Dk MO OH FA
345
765 851 | 508 354 319 1636 24| 317 148 4274
28 37 1232 21 1500
40 60 60
htnd 100 207| 47 ) 22| 3] w 1508
ot 104 1883] % pe| 2200| s3] 30| 12|  eeer

Table A3.8-2: Regional 766 kV with DC Sum of Total Cost

PN Tk VO OHPA

346 $524 $1.583 | ¢ $353 $853 Q277 $2,105 | $4,857
765 $2.738 $2,121 | $1.550 | $1,148 $7.040 $1.381 | $1.268 | $708 $18,850
2345 $707 3,000 $e2 13,840
400 837 | 3887
B0g 31,577 $4.208 | $4,504 $3,02 $1.608 | $2.428 | $1.434 | $18,057
Snnd | sese 7070 | 30,224 | 1802 | $10420 | 99,337 | s3.000 | su.007 [ 847,000
Ganaration Total Costa (2010 USD In Millions)
MW of Capacity Cost (M$S) Transmisaion $47,600
32450 $66,900.00 Genetation 568,900

Transiormars

Subetations

Reactors

Total $114,500




Cass Na. 10-2886-EL-850
1

A3.10 Regional 765 kV with DC Optimized

Refer to Tables A3.10-1 and A3.10-2,

Page 41 of 148

Table A3.10-1: Reglonal 768 kV with DC Optimized Sum of Line Lengthe (in Miles)

Fetad
L-re

MN Dok MO CHPA W Length
345 350 78t a9 198 32 2n 842 28517
785 651 504 354 319 1658 24 317 148 4274
2-348 97 1232 an 1500
400 a0 80
800 168 297 4% 280 3 101 1508
Grand Total 1904 1883 3 s 3200 30| w2 g

Tabie A3.10-2: Reglonal 768 kV with DC Optimized Sum of Total Cost

MM Dk

MO

CHFA

345 $524 | $1,563 m $353 $63 | w7 2105 | $4.957
765 $2,735 | 82121 | $1.550 $1.148 $7.048 | $1,981 | $1.268 | $708 | $18,850
2-345 $707 $3,080 $82 | 52849
400 807 $887
800 $1.577 | $4,208 | 34.504 $3.030 | 31,600 | $2,428 | $1.434 | $19.067
Grand Total $8.544 | $7,970 | 36224 $1,802 $14,128 | $3,337 | $3,00¢ | S5.997 | S47.000
Genaration Total Costs (2010 USD In MRNOM)
MW of Capaoity Cost (M) Trensmission $47,800
30400 $80,800.00 Generstion $60,800

Transformers

Subsistions

Reaciory

Total $100.408
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Refer to Figurs A3.10-1.

1
Figure A3.10-1: RGOS Reglonal 768 kV with DC (with Optimized)



Case No, 10-1586-EL-8S0
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A3.11 Regional 765 kV DC West
Refer to Tables A3.11-1 and A3,11-2

Table A3.11-1: Reglonal 765 kV DC West Sum of Line Langtha (in Miles)

Tatal
Line

PN Dak MO OHPA Wl Length

345 350 755 39 19¢ 32 277 842 2491
785 s0]| a9s| 33 Mg | 1168 7 3102
2348 337 1222 21 1590
400 60 80
800 18| 1es m| 22 %] 94
ey 1203] wis| am wel 2| am| 7] tom:] e

Table A3.11-2: Reglonal 768 kV DC West Sum of Total Coat

bl MN Cak MC b P A Wl
r 343
765 $1.723 | 2077 | 51,728 $1.148 | $5610 $1.260 $13,555
|
| 245 $707 $3,080 s62{ 3840
400 sos7 |  sse7
800 $1.577 | s2.788 $3,000 | $1,609 $1.420 | $10.531
?:.'.“l‘ 34,832 | 38,374 | 81,708 $1,502 | $11,791 | 39,978 | $1.200 | $4.483 | 38,728
Generation | Total Coste (2010 USD in MilNlons)
MW of Capacity Cost (MS) Transmission $33.728
33,450 $68,900.00 Generation $00.900
Transformern
Subsimtions
Reactors

. Tolal 100828



A3.12 Regional 765 kV DC West Optimized

Refer to Tables A3.12-1 and A3.12-2.

Came No. 10-2585-EL-S80
ILU-SUPP-POD-03-00% (u)

Page 144 of 148

Table A3.12-1: Regional 785 kV DC West Optimized Sum of Line Lengths (in Miles)

Fextal

Type (kV) Lne

RN Dak MO OHFA Wi Leagth
S 350 755 » 196 32 2mn 842 2491
785 410 485 R 319 1169 317 3102
2:345 337 122 2 1550
400 60
300 160 168 200 xn 09 0G4
Grand Totsl 123 1418 432 818 712 4 Mr| w2 s17e

Table A3.12-2: Reglonal 765 kv DC West Optimized Sum of Line Lengths
{in Miles)3um of Tatel Cost

MN Dok

MM

TOH P A

Wi

765 $1,723 | 32,077 | 81,728 $1,148 | $5810 $1.2¢0 $13,558
2-3485 s$707 $3.000 8| 88
400 $807 887
800 $1.577 | 2,708 $3.030 | $1.009 $1.420 | 310,531
Grand Total $4,592 | $0.374 | 31,798 $1,802 | $14.701 | §$9.97¢ | $1,200 | $4.483 | $33.728
Generstion Total Costs (2010 USD in MilNons)
MW of Capacily Cost (MS) Tranamission $33,728
30,400 ' $80,500.00 Generstion $50,500

Trarwformers

Subsistions

Reactors

Total $54,528




IEUSUPP-FOD-03-005 (n)

Case Ne. 10-2586-EL-SSO
Page 14500 148

Refer to Figure A3,12-1.

~ Figure A3.12-1: RGOS Regional 766 kV DC West (with Optimized)



Case No. 10-2586-EL1-550
IELLSL P RO A SO e

A3.13 Regional 765 kV

Refer to Tablea A3.13-1 and AJ.13-2.

Table A3,13-1; Regional 768 kV Sum of Line Lengths {in Miles)

Page 146 of 148

Total
Line

MN. Tk MO OH.PA wi Leagth
345 aso 181 |39 198 a2 217 B42 | 2517
765 651 B | 419 39 1956 |324 |317 |48 | 4080
2-3485 337 1232 21 1589
400 80 {6a
Joamd )13 s 40 o s |1 |7 |1 |

Tabie Ad.13-2: Reglonal 768 kV Sum of Total Cost

Wi Dak

8
768 $2,738 | $3,503 | 31,807 $1,148 | $7.948 ] 31,381 | $1,280 5708 | $20.480
2.343 $707 9,079 02 $3,840
400 $0a7 $a87
?:2‘.‘ $3.967 | 35,008 | 51,877 $1,502 [ $11,000 | $1,830 | 41,200 | 83,763 | 530,473
Ganeration Tolal Costs {2010 USD s MiNone)
MW of Capacity Coat (M$) Transmission $30,173
3,458 $68.900.08 Genarstion $68,900

Transformers

Substations

Reacton

Totel $97,073




Case No. 10-2584-EL-5850

AR TS R b R e e T ——
Page 147 of 148 .

A3.14 Regional 765 kV Optimized
Rafer 10 Tables A3.14-1 and A3.14-2.

Table A3.14-1: Reglonal 765 kV Optimized Sum of Line Lengths (in Miles)

Tiorhisl
Lipe

MN Dak e OH.P A Wi Longth
348 50 781 |39 198 22 21 842 | 2817
765 851 834 411 |2 1636 24 317|148 | 4660
2348 337 1232 : 21 1580
400 | 80 60
Grand Tota 133 118 [450 | B8 s M | M7 | wn |esar

Table A3.14-2; Regional 768 kv Optimized 8um of Total Cost

348 $524 | 31,5683 14 3353 $83| w27 $2,105 | $4,987
185 $2,735 | 332,503 | 31,807 $1.148 $7948 | 51,901 | $1.260 | $708 | $20,480
2245 $707 $3.079 3oz | $3849
400 87 $847
Grand Total $3.947 | 35,084 | $1.077 $1.802 $11,000 | $1,638 | $1,208 | $3,7¢3 | $01TS
Ganeration Totsl Costs {2018 USD in Miillona)
MW of Capacily Cost (M%) Tranamission $30,173
50,400 $00,000.00 Garwration $00,800

Transfonmen

Substations

Reactors

Towl $90.973




Rafer to Figure A3.14-1.

Case No, 10-2586-EL-SSO
[EU-SUPP-POD-03-005 ()
Fage 143 of 148
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Figure AJ.14-1: RGOS Regional 765 kV Optimizsd
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Duke Energy Ohio

Case Neo. 10-2586-EL-SS0O

IEU Suppicimental First Set Preduction of Documeats
Date Received: November 17, 2010

IEU-SUPP-POD-03-005 CONFIDENTIAL
REQUEST:
Please provide any documents identified in response to Interropatory No. 10.
RESPONSE:
| CONFIDENTIAL PROPRIETARY TRADE SECRET

See Confidential Attlchmut [EU-Second- Supp-POD-03-005 (I): Transaction Review
Committee White Paper - February (Draft)
See Confidential Attachment IEU-Second- Supp-POD-03-005 (m): Market Capacity
See Attachment JEU-Second- Supp-POD-03-005 (n): MISO Report Describing Future
Transmission Expansion Projects and Costs;
See Confidential Attachment IEU-Second- Supp-POD-03-005 (c): Analysis of RTO
Realignment

1. Original Base Case

2, Base Case FE STIP

3. Base Case FE 2012
4. Base Case FE STIP 20128 SR~

5. Base Cese FE STIP $2012 wnii NS

See Confidential Attachment [EU-Second- Supp- POD-03-005 (p Draftof Msy Whitepsper
dated April 30, 2010;

See Confidential Attachment IEU-Second- Supp-POD-03-005 (q): Draft of May Whitepaper
dated May 7, 2010;

See Confidential Attachment IEU-Second- Supp-POD-03-005 (r): Draft of Whitepaper
Appendix dated Sanuary 8, 2010.

PERSON RESPONSIBLE: Lee Barrett






CONFIPENTIAL PROPRIETARY TRADR SECRET " " IRIASUPIPOD-63-808 (o) atmalemant
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CONFIDENTIAL PROFRIETARY TRADR SECRET
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Cal
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IEU-Ohio Ex. ___ “%’L

- 130 East Fouth Shreel, R Main/212
4 A P.0. B0x 960

Cincinnall, o 45201-0560
Tok 513-287.4337

VIA OVERNIGHT MAIL
December 31, 2010
All Counsel of Record

Re:  Duke Energy Ohio 10-2586-EL-SSO
Dear Counsel:

Enclosed is & CD that contzins the CONFIDENTIAL documenis as an attachment
response 1o TEU-SUPP-POD-03-005(s). Please note these documents are being produced
pursuant to an executed confidentiality agreement. Because of the volume of information being
provided, we have downloaded these documents onto an enclesed CD for ease of review,

We believe these to be the remainder of the documents pertaining to this IEU Production
of Documents request. Included as requested in these documents are drafis of all analyses

performed.
Should you have any questions, please call me at 513-287-4337.

Very truly yours,

oot

Dianne Kuhnell
Senior Paralegal

Enclosures

cc:  All counsel of record having executed a Confidentiality Agreement (w/encl.)

ww, dUie-energy.com


http://Sanne.kulmSSKMB-enem.com

0

Duke Energy Ohio

Case No. 10-2586-EL-SSO

IEU Supplements! First Set Production of Documents
Date Received: November 17, 2010

IEU~-SUPP-POD-03-005 (s) CONFIDENTIAL

REQUEST:
Please provide any documents identified in response to Interrogatory No. 10.
RESPONSE:

CONFIDENTIAL PROPRIETARY TRADE SECRET

See Confidential Attachment IEU-Second- Supp-POD-03-005 (s) being sent on CD: Drafts of
Analyses.

PERSON RESPONSIBLE: Lee Barrett
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T\z(‘ 5(‘&3& IEU-Ohio Ex. — iiﬁt

Duke 139 East Fourth Straet, R Mainf212

& Energy. £.0. Box 960

Cincinnaf], Ohio 45201-0360
Tel 513-287-4337
Fex: 513-287-4385

dfanne kutmeA@dule-enargy.com

Dianne B. Kuhnell.
Senior Parslagal

VIA OVERNIGHT MAIL
December 31, 2010
All Counsel of Record

Re:  Duke Energy Ohio 10-2586-EL-SSO

Dear Counset:

Enclosed is a CID that contains the CONFIDENTIAL documents as an attachment
response to IEU-SUPP-POD-03-005(s). Please note these documents are being produced
pursuant to an executed confidentiality agreement. Because of the volume of information being
provided, we have downloaded these documents onto an enclosed CD for ease of review.

We believe these to be the remainder of the documents pertaining to this IEU Production
of Documents request. Included as requested in these documents are drafts of all analyses
performed.

Should you have any questions, please call me at 513-287-4337.
Very truly yours,

B i

Dianne Kuhnell
Senior Paralegal

Enclosures

cc:  All counsel of record having executed a Confidentiality Agreement (w/encl.)

Wirw. duke-energy. com



