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INTRODUCTION AND WITNESS QUALIFICATIONS

Please state your name, business address, and present position.

My name is Jameson Smith. I am employed by the Midcontinent Independent

System Operator, Inc. (“MISO") as the Director of Policy Studies. My business
address is Two Lakeway, 3860 N. Causeway Boulevard, Suite 442, Metairie,
Louisiana 70002.

What is MISO?

MISO is a not-for-profit, member-based, regional transmission organization (“RTO”)
providing reliability and market services over 65,700 miles of transmission lines in
fifteen states and one Canadian province. MISO’s regional area of operations
stretches from the Ohio-Indiana line in the east to eastern Montana in the west, and

south to New Orleans. MISO is governed by an independent Board of Directors.

MISO’s responsibilities include the development of the MISO Transmission
Expansion Plan ("MTEP”) in collaboration with transmission owners and
stakeholders. MISO adheres to the nine planning principles outlined in FERC Order
No. 890." In so doing, MISO provides an open and transparent regional planning

process. FERC Order No. 1000 furthered the planning principles outlined in FERC

Preventing Undue Discrimination and Preference in Transmission Service, Order No.
890, FERC Stats. & Regs. 31,241, order on reh’g, Order No. 890-A, FERC Stats. &
Repgs. 4 31,261 (2007), order on reh’g and clarification, Order No. 890-B, 123 FERC Y
61,299 (2008), order on reh’g, Order No. 890-C, 126 FERC 9 61,228 (2009), order on
clarification, Order No. 890-D, 129 FERC 4 61,126 (2009). “The Transmission
Provider’s planning process shall satisfy the following nine principles, as defined in the
Final Rule in Docket No. RM05-25-000: coordination, openness, transparency,
information exchange, comparability, dispute resolution, regional participation, economic
planning studies, and cost allocation for new projects.” Order 890-B, Attachment K.
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Order No. 890, and included the requirements to plan for public policy and for
coordinated inter-regional planning and cost allocation.” The MTEP process (i)
identifies transmission system expansions that will ensure the reliability of the
transission system that is under the operational and planning control of MISQO, (ii)
identifies expansion that is critically needed to support the reliable and competitive
supply of electric power by this system, and (iii} identifies expansion that is necessary
to support energy policy mandates.

What are MISO’s responsibilities?

As an RTO, MISO is responsible for operational oversight and control, market
operations, and for coordination of the planning and expansion of the transmission
systems that are under its control. Among many other responsibilities, MISO
monitors and calculates Available Flowgate Capability and provides tariff
administration for its Open Access Transmission, Energy and Operating Reserve
Markets Tariff (“Tariff”),> which has been accepted by the Federal Energy
Regulatory Commission.! MISO is the Reliability Coordinator for its regional area of
operations, providing real-time operational monitoring and control of the transmission

system. MISO operates real-time and a day-ahead energy markets based on

Transmission Planning and Cost Allocation by Transmission Owning and Operating
Public Utilities, Order No. 1000, 136 FERC § 66,051 (2011), order on reh'g, Order No.
1000-A, 139 FERC 4 61,132 (2012), order on reh'g and clarification, Order No. 1000-B,
141 FERC 1 61,044 (2012).

MISO Tariff, available at: hitps://www.misoenergy.org/Library/Tariff/Pages/Tariff.aspx

MISO’s Tariff was initially accepted by FERC in 1998, but was suspended until
subsequently adopted in 2001. See Midwest Indep. Transmission Sys. Operator, Inc., 91
FERC 4] 61,326 (2001); Midwest Indep. Transmission Sys. Operator, Inc., 97 FERC Y
61,033 (2001), order on reli’g, 98 FERC § 61,141 (2002). MISO began providing
transmission service under its Tariff in 2002,
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Locational Marginal Prices (“LMPs”) in which each market participant’s offer to
supply energy is matched to demand and is cleared based on a security constrained
economic dispatch process — resources on the system are dispatched to minimize the
cost of energy production while respecting the reliability limitations of the system. In
addition, MISO operates a market for Financial Transmission Rights, which are used
by market participants to hedge against congestion costs, and an ancillary services
market, which provides for the services necessary to suppeort transmission of capacity

and energy from resources to load.

MISO is responsible for approving transmission service, new generation
interconnections, and new transmission interconnections within the MISO’s regional
area of operations, and for ensuring that the system is planned to reliably and
efficiently provide for existing and forecasted usage of the transmission system.
MISO is the Planning Coordinator for its regional area of operations, which includes
portions of Missouri, and performs planning functions collaboratively with
transmission owners with stakeholder input — state regulatory authorities (the
Organization of MISO States as well as individual authorities), public consumer
advocates, environmental representatives, end-use customers, independent power
producers, and others — throughout the process. MISO provides an independent
assessment and perspective of the needs of the overall transmission system.

What is your educational background?

I graduated from Mississippi State University with a Bachelor of Science degree in
Electrical Engineering. I received a Master of Business Adlnini§tration degree from

Oklahoma State University.
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Are you a professional engineer?

Yes. [am a registered professional engineer in the State of Oklahoma, License No.
PE22110.

What is your professional experience?

In January 2001, I was employed by American Electric Power as a transmission
planning engineer for its holdings located in the Southwest Power Pool. I performed
transmission planning studies for four states, and conducted analyses for annual
forward planning, generation interconnection, load interconnection, and voltage

stability.

I have been employed by MISO since January 2006 when I became a resource
forecasting engineer in MISO’s Transmission Asset Management Division (“TAM”).
In this role, I participated in the development of the economic planning processes
performed today, and have run the resource expansion and production cost models
utilized in that process. During my time in this group, I was also the project manager
for the study that identified the candidate Multi Value Projects (“MVPs”), the final
results from which are discussed in my testimony, for the MISO footprint as it existed

in 2010.

In September 2010, [ transitioned to the role of Manager of Policy Studies within
TAM. My team was responsible for working with stakeholders to evaluate
emerging economic and policy trends and their impacts on the bulk electric system.
Most of these studies focus on the impact of renewable portfolio standard

(“RPS”)/renewable energy standard (“RES”) and environmental rulemakings.
5
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In August 2014, I undertook my current position as the Director of Policy Studies at
MISO.

What are your duties and responsibilities in your present position as Director

of Policy Studies?

My current duties involve providing corporate direction to the Policy Studies
management and team where the objective is to evaluate macroeconomic and public
policy impacts on the bulk electric system. I am directly involved in MISO’s review
of the recent Clean Power Plan (“CPP”) final rule recently adopted by the United
States Environmental Protection Agency and the impacts of greater dependence on
natural gas within areas where MISO operates. | am involved in execution of the
economic planning processes connected with the annual evaluation of MISO
Transmission Expansion Plan (“MTEP”) projects.

What is MTEP?

MISO reviews the local planning activities of individual transmission owners with
stakeholders regarding the adequacy and appropriateness of the local plans in a
coordinated fashion with all other local plans. MISO seeks to ensure that all of the
needs are met cost effectively. MISO considers, together with stakeholders,
opportunities for improvements and expansions that would reduce costs by providing
electric suppliers access to new, low cost resources that are consistent with and
required by legislative energy policies. MISO’s planning process examines
transmission congestion that may limit access to the most efficient resources, and
considers improvements that are needed to meet forecasted energy requirements.

Stakeholders from each MISO member sector — state regulatory authorities, public

6
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II.

consumer advocates, environmental representatives, end-use customers, independent
power producers, and others — are engaged to develop future system scenarios from

assessments of possible future state and federal energy policy decisions,

PURPOSE AND SCOPE

Are you familiar with the transmission project proposed in the Application filed
by Ameren Transmission Company of Illinois (“ATXI”)?

Yes. ATXI filed an Application in this docket seeking a certificate of public
convenience and necessity. ATXI seeks authorization to construct, operate, and
maintain the Mark Twain facilities (also referred to as the “Project”). The Mark
Twain facilities include 95 miles of high voltage electric transmission lines and
related facilities. The Project generally contains the following elements: high voltage
345 kV transmission facilities running generally from Palmyra, Missouri and
extending westward to a new substation located near Kirksville, Missouri as well as a
345-kV transmission line running from the new substation north to the Towa border.
Have you reviewed the pre-filed rebuttal testimony of Neighbors United Against
Ameren’s Power Line (*Neighbors”) witness William E. Powers?

Yes. Thave reviewed the rebuttal testimony submitted by Neighbors witness Powers,
as well as related testimony filed by Staff witnesses.

What is the purpose of your testimony?

I respond to matters raised in the rebuttal testimony of Neighbors witness Powers. [
address issues regarding the role played by renewables in MISO’s transmission
planning process as well as issues involving that process as it specifically relates to

the MVP portfolio and the Mark Twain portion of that portfolio.
7
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Please elaborate on any special terminology that you will use in this testimony.

I will refer to the “MISO footprint” in my testimony. Unless otherwise specified, this
footprint refers to MISO’s regional area of operations at the time of the approval of
the MVP portfolio in 201 1.

What analyses form the basis of your testimony?

The Mark Twain project is part of a MVP portfolio, a report concerning which
(“Multi Value Portfolio Report”) is attached as Schedule JTS-S-1 of my

testimony in this case.” The portfolio was approved by the MISO Board of Directors
on December 8, 2011 as part of MISO’s MTEP 11.° This approval was based on a set
of reliability, economic, and public policy analyses conducted in 2011 that
documented the reliability benefits of the Mark Twain project and the combined
reliability, economic, and public policy benefits of the full MVP portfolio. My
testimony also includes as Schedule JTS-S-2 the results of the MTEP 14 MVP
Triennial Review (“Triennial Review’”) of the economic and public policy benefits of

the MVP portfolio that was conducted in 2014.7 The Triennial Review was

5

As examples, page 14 of the Powers rebuttal testimony cites the report, as does the
rebuttal testimonies of Staff members Stahlman (page 3), and Lange (pages 6-8). A copy
of the report is publicly available at:
https://www.misoenergy.org/Library/Repository/Study/Candidate%20M VP%20Analysis/
MVP%20Portfolio%20Analysis%20Full%20Report.pdf.

See MTEP 2011 Report, publicly available at:
hitps://www.misoenergy.org/Library/Repository/Study'MTEP/MTEP] I/MTEP11%20Re
port.pdf.

A copy of MISQO’s publicly available MTEP 14 MVP Triennial Review (August 2014)
(“Triennial Review”} is also available at:
https:/Awww.nnisoenergy. org/Library/Repository/Study/Candidate%20M VP %20 Analysis/

DRAFT MTEP14%20MVDP%20Triennial%20Review%20Report.doex.
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HI.

conducted according to a Tariff requirement to conduct a full review of the MVP

portfolio benefits on a triennial basis.

MISO REGIONAL TRANSMISSION PLANNING

A, Wind Development in the MISO Footprint

Page 10 of Mr. Powers’ rebuttal testimony contains a section entitled, “No Wind
Projects Proposed in Northeast Missouri, that Have Completed the MISO
Interconnection Study Process, Have Been Stalled by Lack of Transmission
Capacity.” Do you agree with this heading?

Not necessarily. At a bare minimum, the heading reflects an incomplete treatment of
the topic

Do you agree with the overall content of that same section (Section V., pages 10
through 13) of Mr. Powers’ rebuttal testimony?

No. The overall message of that Section V. in Mr. Powers’ rebuttal testimony seems
to be that the Project is not needed to facilitate and deliver regionally-based, wind-
powered renewable energy. That message conflicts with the basic purpose of the
collaborative effort that developed the MVP portfolio of transmission projects.

What was the goal underlying the MVP portfolio?

The overall purpose of the MVP analysis was to design a transmission portfolio to
promote public policy goals by takﬁlg advantage of the linkages between local and
regional economic and reliability benefits and by promoting a competitive and
efficient electric market within MISO. The portfolio was designed using economic
and reliability analyses, applying several future scenarios concerning such matters as

future environmental restrictions on the generation of electricity to assist in the

9
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development of a portfolio of transmission projects that would be robust under a
number of potential energy policies.

Were wind power projects, the subject of Section V. of the Powers rebuttal
testimony, important to MISO’s MVP analyses?

Yes. The MVP portfolio is a group of transmission projects distributed across

the MISO footprint that enable the reliable delivery of the requirements of

state policies regarding renewable energy (oftentimes referred to as RPS or

RES mandates). The MVP portfolio was planned to provide economic
benefits in excess of costs to the MISO footprint, primarily by reducing
generator production costs.

Was an approximately 300 MW wind project located in Northeastern
Missouri part of the MISO interconnection queue in 2007, as stated on

page 10 of the Powers rebuttal testimony?

Yes.

Did the Missouri wind project go into production?

No. This final result is correctly stated on page 12 of the Powers rebuttal
testimony.

How does this result compare with other experiences during the same time
period for wind projects in the MISO footprint?

Unfortunately, this result was typical of the results for wind projects in the

period before development of the MVP portfolio of transmission projects.

Wind projects were proposed and entered the interconnection queue, only to

be cancelled when faced with the interconnection and other costs mentioned

on page 11 of the Powers rebuttal testimony. This includes approximately

10
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1,200 MW of wind in Northeast Missouri. MISO studied this problem in
collaboration with stakeholders from each MISO member sector, including
staté regulatory authorities, public consumer advocates, environmental
representatives, end use customers, and independent power producers.

What were the results of this collaboration?

MISO undertook a multi-year planning process aimed at addressing the
regional transmission plans necessary to enable RPS mandates to be met at the
lowest delivered wholesale energy cost.  This effort was known as the
Regional Generation Outlet Study (“RGOS”), and was conducted between
2008 and 2010.° The RGOS identified energy production zones in which
mandated (renewable) energy production could locate, and indicative
transmission options that would provide sufficient transmission capacity
needed for the efficient and reliable delivery of new generation capacity to
meet the combined renewable portfolio standards of the MISO region while

providing value across the MISO footprint.

Zone selection involved MISO staff and extensive stakeholder interaction,
including discussions with various state and regulatory agencies within the
MISO footprint. These included the Midwest Governors Association, the
Organization of MISO States, and the Upper Midwest Transmission

Development Initiative. The indicative plans were further consolidated into a

8 See MISO’s Regional Generation Outlet Study, publicly available at:

https://www.mniscenergy.org/Planning/Pages/RegionalGenerationQutletStudy.aspx.
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candidate MVP portfolio and evaluated for effectiveness in meeting the
RGOS objectives. The analysis balanced relative wind capacities with
distances from natural gas pipelines and interconnection with the existing
transmission infrastructure.

Are the wind zones identified in the RGOS shown in Mr. Powers’
testitmony on page 14 the only areas from where wind generation could be
sourced to bring renewable energy to Missouri?

No. MISO identified a number of zones throughout the MISO footprint that
could be utilized to meet the energy requirements of the various renewable
portfolio regulations. The MVP portfolio is designed to enable the utilization
of regional and/or local renewable resources to mitigate total costs for meeting
the policy requil.'e;ments.

Will the Mark Twain Project assist Missouri in meeting its renewable
obligations, even if no wind generation is developed in the areas in
Missouri shown on the RGOS map?

Yes. The Mark Twain Project, as part of the MVP portfolio, plays an
important role in meeting the Missouri obligations. The Project allows for the
development of local wind to take advantage of in-state incentives and for
access to remote regions to take advantage of resources whose capacity
factors are significantly higher than those in Missouri in order to reduce the

overall cost for comphiance with the portfolio requirement.

What would be the impact on the MISO regional plan if the Mark Twain

facilities are not constructed as planned?

12
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The MTEP designs a complex system that will serve both short- and long-term needs
of the bulk electrical grid in a coordinated manner. The inability to construct a key
element of the regional expansion plan, especially a “backbone” element such as the
one proposed in the Application that is designed for both reliability and its economic
attributes, will result in the loss of the economic benefits provided by the project and
the need to develop less optimal solutions to reliability concerns. A revised plan
would not provide the same positive economic opportunities for customers in
Missouri and elsewhere that are provided by the plan that includes the Mark Twain
facilities.

B, Reliability Benefits

Page 24 of Mvr. Powers’ rebuttal testimony states that “MISO assumes that the
Adair-to-Novelty line has a rating of 167 MW?” and Mr. Powers also states that
“ATXI confirm[ed] that the rated capacity . . . is 285, or approximately 285
MW....” Do these figures conflict with ene another?

No, I have no reason to doubt either figure since they were stated for different time
periods that are approximately five years apart from one another. The line rating
from ATXI in discovery during this case appears to reflect the current (2015) rating
for the line. The MISO studies were carlier in time, during the planning stage for the
MVPs,

Does your response mean that the Adair-te-Novelty line will not be overloaded
as previously projected?

Not necessarily. The overload condition depends upon a number of factors, including
the amount of generation that injects into the transmission system, Withdrawal of a

single project from the interconnection queue in 2007, mentioned on pages 10-13 of

13
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Mr. Powers’ rebuttal testimony, does not mean that wind development will not occur
in proximity of the Mark Twain facilities. MVP projects increase the attractiveness
and feasibility of locating generation projects nearby. The MVP portfolio, including
the Mark Twain project, enables 1,347 MW of potential resources in the Northeast
Missouri region.

What effect would elimination of the benefits discussed by MISO related to the
potential overload on the Adair-to-Novelty line have on the benefits computed by
MISO for the MVP portfolio?

The ATXI testimony supports reliability-related benefits for the Mark Twain
facilities. One effect of the MVP upgrades is to support local transmission reliability.
This effect pushes out the timing of reliability-based transmission projects. The
reliability benefit is quantified in MISO’s MVP studies under the category of deferred
future transmission investment. However, as stated earlier in my testimony, the
largest category of benefits from the MVP portfolio of projects is generator
production cost reductions. The benefit from deferred transmission investment is a
small portion of the quaﬁtiﬁed benefits of the MVP projects — $226-$794 million out
of $15,540-$49,204 milli-on from the Multi Value Project Portfolio Report in 2012
(page 49, 2011 constant dollars) and $377-$1,223 million out of $21,451-$66,816
million from the Triennial Review (page 25, 2014 constant dollars). Aside from the
reliability benefits for the Project, the Mark Twain facilities are important to the
delivery of net benefits by the entire MVP portfolio of transmission projects.

Do you agree with Mr. Powers’ assessment on page 25 of his rebuttal testimony

that “[rJeconductoring the AECI Adair-to-Novelty 161 kV line segment with

4
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ACCC or ACCR conductor,” rather than reliance upon the Mark Twain
facilities, is a sound approach?

No. The problem with Mr, Powers’ approach is that it is narrowly focused on a
particular reliability situation. The Mark Twain facilitics were planned differently,
fundamentally justified as a backbone system to provide net benefits well in excess of
costs,” and designed to serve public policy goals in the development of renewable
generation resources while also being tied to local systems to serve local reliability
needs. The MVP portfolio represents the holistic solution for delivering transmission
improvements considering generation, transmission, and other factors under a range
of future conditions.

Would Mr. Powers’ assessment of reliability situations in Northeastern Missouri
sacrifice any benefits that are associated with the Mark Twain Project?

Yes. Mr. Powers’ narrow focus on reliability does not recognize the MVP benefits
obtained from the portfolio. MISQO’s Triennial Review identified benefits of $21,451-
$66,816 million associated with the cost of $8,303-$17,192 million for the MVP
portfolio (page 25, 2014 constant dollars). The majority of the benefits are found in
reducing congestion-driven production costs, providing for more efficient dispatch of
generators by using lowest cost generation throughout the MISO footprint. The Mark

Twain project provides Missouri access to the regional, zero production cost of the

9

The costs considered in MISO’s studies included compensation for the acquisition of land
rights associated with transmission line routes. Staff witness Stahlman states that
MISO’s economic analysis did not “consider any offset for limitations in land use.”
Rebuttal Testimony of Michael L. Stahlman, page 4. MISO’s economic analysis did
consider such an offset.
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renewable energy, and takes advantage of the efficiencies of participation in the

multi-state energy trading construct

Additionally, the increase of transfer capability between states allows for Missouri
residents to benefit from a broader resource pool for resource adequacy, reducing the
need for investment in future generating resources through the management of
resource reserve targets‘ and reductions in losses on the system. The optionality
produced by the MVP portfolio provides for balancing the cost of renewable resource
investment by allowing states to develop resources locally or take advantage of higher
capacity factor regions that reduce the capital investment necessary to meet the

energy requirements of most renewable policy regulations, such as those in Missouti.

The MVP portfolio also allows for the deferral of other transmission investments such
as those suggested by Mr, Powers that would be required for the reliability of the
systent in the absence of the Mark Twain and other MVP projects. In all, the MVP
portfolio creates benefit to cost ratios of 1.8 fo 3.0 as identified under MTEP 2011
assumptions, and 2.6 to 3.9 as identified under Triennial Review assumptions. The
Missowri ratios are 2.0 to 2.9 and 2.3 to 3.3, respectively.

Page 9 of Mr. Powers’ rebuttal testimony states that “[p]eak load is forecast to
remain relatively constant . . ., 10 percent below the historic peak in 2007, until
2024.” Does this statement concerning load growth argue against the benefits of
the Project?

No. As stated previously in this testimony, the MVP project type and portfolio

investigated the regional transmission required to support the renewable energy
16
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mandates of the states in the MISO footprint, and was not driven by load growth and
any related reliability concerns. The ATXI testimony supports reliability-related
benefits for the Project, but the benefits provided by the Mark Twain facilities and the
MVP portfolio are only minimally affected by even the absence of such reliability
benefits that might be linked with growth in peak load.

C. The Source of Renewable Power

Mr. Powers’ rebuttal testimony on page 34 is critical of MISO’s studies that he
states are based upon “an article of faith that the overwhelming majority of RPS
targets . . . will be met with remote wind power.” Do you agree?

No. As stated eatlier in this testimony, MISO undertook a multi-year planning
process aimed at meeting RPS mandates. The RGOS effort, noted on page 34 of Mr.
Powers’ rebuttal testimony, was a collaborative effort by a variety of stakeholders
who identified wind power as the source that would most economically meet the
majority of renewable energy needs in the MISO footprint. In some instances, such
as in Missouri,'® a “carve out” was created for solat generation to require its use to
satisfy renewable portfolio requirements in recogaition of the difficulty in developing
solar power against the more favorable economics for wind power.

Do you agree with the economic comparison between wind and solar power that
is stated on pages 34-38 of Mr. Powers’ rebuttal testimony?

No. Mr. Powers’ comparison between renewable resources mixes reports from

different sources and different years. For example, page 36 of Mr. Powers’ rebuttal

" Mo. Rev. Stat. § 393.1030.1 (“At least two percent of each portfolio requirement shall be
derived from solar energy.”).
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testimony uses a projection from a 2014 report by the U.S. Department of Energy for
the 2016 capital cost of solar power in a comparison with wind power costs in

MISO’s 2014 Triennial Review.

Mr. Powers refers to the U.S. Energy Information Administration’s Assumptions to
the Annual Energy Outlook 2015 on page 35 of his testimony., Of the three
references for cost of renewable resources cited in Mr. Powers rebuttal testimony, this
source is the only one that includes both a wind and solar capital cost. In Table 8.2
on page 106 of the document (attached as Schedule JTS-8-3), overnight construction
costs in 2013 dollars for wind and photovoltaic are $1,980/kW and $3,279/kW,
respectively. So even this source that is cited by Mr. Powers’ conflicts with his
conclusion on page 37 of his rebuttal testimony that the cost of production for wind

and solar projects is currently about the same.

Regardless of the relative costs of the renewable resources, the MVPs benefits are
driven overwhelmingly by the portfolio enhancing market access to the low cost
production of the renewable energy. The benefits driven by optimizing renewable
resource location build, which is dependent on the capital cost of the new renewable
resource, are approximately 6.9 percent of the quantifiable benefits identified.

What has been the experience of wind power versus solar power since
completion of MISO’s original studies?

There continues to be little interest in solar generation in the MISO footprint above
the levels mandated in state RPS mandates. The ratio of wind to solar-generation

entering the most advanced stage of MISQO’s interconnection queue (the Definitive
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Planning Phase) or has a generation interconnection agreement in progress as of the
last week of October 2015 was 17 to 1, evidencing that it is wind power that is likely
to meet RPS mandates and to facilitate compliance with the CPP,

In its MVP process, what did MISO plan for that is related to the development
of renewable generation sources?

MISQ’s transmission planning process provides a robust system that is able to
accomnmodate changes in generation and generation dispatch patterns as well as
changes in the level and pattern of customer demands without causing equipment to
perform outside of its design capabilities. MISO’s MVP planning process considered
this need for robustness in its planning for the increased presence of renewable
generation resources in the generation mix. For instance, MISO’s sensitivity analyses
considered scenarios where public policy would focus more on carbon emission

control,

Since development of the MVP portfolio, Federal environmental regulatory efforts
have become more refined regarding the treatment of carbon emissions, which may
lead to the retirement of some coal-fired plants and the expansion of low carbon
dioxide emitting generatioﬁ resources {(e.g. natural gas powered) and zero emitting
generation resources (e.g. renewables). On August 3, 2015, the United States
Environmental Protection Agency Administrator signed final CPP rules under the
Clean Air Act Section [11 regarding the release of carbon dioxide. These rules
include the use of building blocks to facilitate state compliance with lower carbon
emission rates, such as the additional development of renewable generation. The

MVP portfolio supports the development of renewable generation, and the proximity

19
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IV.

of the energy zones to natural gas pipelines allows for the potential utilization of the

energy zones by new natural gas fired units.

The MVP portfolio, including the Mark Twain project, provides a robust transmission
supply that will be available to provide needed support to maintain reliable service

under changing needs.

CONCLUSION

Based wupon the result"s of MISO planning studies, as well as your review and
analyses, how would you summarize your response to Mr. Powers’ rebuttal
testimony in opposition to construction of the facilities contained in the ATXI
Application?

The Mark Twain facilities proposed by ATXI would provide substantial benefits to
Missouri as part of the MVP portfolio that serves the MISO footprint. Mr. Powers’
opposition to the Project in the areas addressed by my testimony fails to recognize the
broad scope of the MISO transmission planning process, and therefore fails to
recognize the broad benefits that will result from construction and operation of the
Mark Twain Project.

Does this conclude your prepared testimony?

Yes, it does.

20
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Muki Value Project Analysis Report Executive Summary

1 Executive Summary

MISO staff recommends that the Multi Value Project (MVP) portfolio described in this report be approved
by the MISO Board of Directors for inclusion into Appendix A of MTEP11. This recommendation is based
on the strong reliability, public policy and economic benefils of the portfoiio that are distributed across the
MISO footprint in a manner that is commensurate with the portfolic’s costs. In short, the proposed

portfolio will:

+ Provide benefits in excess of its costs under ali scenarios studied, with its benefit to cost ratio
ranging from 1.8 to 3.0.

» Maintain system reliability by resolving reliability violations on approximately 650 elements for
more than 6,700 system conditions and mitigating 31 system instability conditions.
Enable 41 million MWh of wind energy per year to meet renewable energy mandates and goals.
Provide an average annual value of $1,279 million over the first 40 years of service, at an
average annual revenue requirement of $624 million.

+ Suppoit a variety of ganeration policies by using a set of energy zones which support wind,
natural gas and other fuel sources.

This report summarizes the key reliability, public policy and economic benefits of the recommended MVP
portfolio, as well as the scope of the analyses used to determine these benefits.

Brocdngs, S0 -5E Tain Clas MUTSD 35K
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RGOS Zone
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Figure 1.1: MVP portfolio’

T MVP line routing shown throughout the repart is for illustrative purposes only and do not represent the final line routes.
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Multi Value Project Analysis Report

Executive Summary

The recommended MVP portfolio includes the Brookings Project, conditionally approved in June 2011,
and the Michigan Thumb Loop project, approved in August 2010. It also includes 15 additional projects
which, when integrated into the transmission system, provide muitiple kinds of benefits under ail future
scenarios studied®.

1 Big Stone-Brookings sSb 345 2017 $191
2 Brookings, SD-SE Twin Cities MN/SD 345 2015 $695
o | e e et a | wis | e | sos
4 | Winco-Lime Creek—Emery-Black Hawk—-Hazleton 1A 345 2015 5480
5 | N.LaCrosse—N. Madison—Cardinal & Dubugue Co. Wi

—Spring Green—Cardinal 345 2018/2020 2714
6 Ellendale—Big Stone ND/SD 345 2019 $261
7 Adair—Ottumwa IA/MO 345 2017 $152
8 Adair-Palmyra Tap MOYIL 345 2018 $98
9 Paimyra Tap—Quin?y~Merdosia~lpava & IL 345 2016/2017 $392

Meredosia-Pawnee
10 Pawnee—Pana IL 345 2018 588
11 Pana-Mt. Zion-Kansas—Sugar Creek IL/IN 345 2018/2019 $284
12 Reynolds—Burr Oak—Hiple IN 345 2019 $271
13 Michigan Thumb Loop Expansion Ml 345 2015 $510
14 Reynolds—Greentown IN 765 2018 $245
15 Pleasant Prairie—Zion Energy Center WI/IL 345 2014 $26
16 Fargo-Galesburg—Oak Grove IL 345 2018 5193
17 Sidney-Rising IL 345 2016 $90
Total $5,197

Table 1.1: MVP portfolio®

2 More information on these scenarios may be found in the business case description.

® Costs shown are inclusive of transmisslon underbuild upgrades and upgrades driven by short clrcuit requirements,
* In-service dates represent the best information available at the time of publication. These dates may shift as the projects progress
through the state regulatory processes.
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Multi Value Project Analysis Report Executive Summary

Public policy decisions over the last decade have driven changes in how the transmission system is
planned. The recent adoption of Renewable Portfolio Standards (RPS) and clean energy goals across the
MISO footprint have driven the need for a more regional and robust transmission system to deliver
renewable resources from often remote renewable energy generators to load centers.

ND MN ”

Yellow -

State with RPS Mandate or Goal |

mT S U\ Xeed: 30% by 2020
10% by 2016 - Others: 25% by 2026
16% by 2046 : RN
~sD oW

© A0%by2015 SN 0% by 2018

J10% vy 2016

5% by 2025 | 10% by | 12.6% by 2024,

16% by 2021

MISO Planned an) gl 2,4
MISO RPS Mandates: ~23, 500 MW :

Figure 1.2: Renewable energy mandates and clean energy goals within the MISO footprint®,’

Beginning with the MTEPO3 Exploratory Studies, MISO and stakeholders began to explore how to best
provide a value added regional planning process to complement the local planning of MISO members.
These explorations continued in later MTEP cycles and in
specific targeted studies. In 2008, MISO, with the assistance of
state regulaiors and industry stakeholders such as the
Midwest Governor's Association (MGA}, the Upper Midwest
Transmission Development Initiative (UMTDI) and the
Organization of MISQO States (OMS), began the Regional
Generation Outlet Study (RGOS) to identify a set of value
based transmission projects necessary to enable Load Serving
Entities {[.SEs) to meet their RPS mandates.

The goal of the RGOS analysis was to design transmission
portfolios that would enable RPS mandates to be met at the
lowest delivered wholesale energy cost. The cost calculation
combined the expenses of the new fransmission portfolios with
the capital costs of the new renewable generation, balancing

® Existing and planned wind as included in the MVP Portfolio analyses. State RPS mandates and goals include all policies signed
into law by June 1, 2011,

® The higher number for lowa's state RPS mandates and goals reflects the wind online rather than a statutory requirement.
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Multi Value Project Analysis Report Executive Summary

the trade offs of a lower transmission investment to deliver wind
from low wind availabifity areas, typically closer to large load
centers; against a larger transmission investment to deliver wind
from higher wind availability areas, typically located further from foad
centers.

While much consideration was given to wind capacity factors when
developing the energy zones utilized in the RGOS and MVP porifolio
analyses, the zones were chosen with consideration of more factors
than wind capacity. Existing infrastructure, such as transmission and
natural gas pipelines, also influenced the selection of the zoneas. As
such, aithough the energy zones were created to serve the
renewable generation mandates, they could be used for a variety of different generation types, to serve
various future generation policies. Figure 1.3 depicts the correlation between the natural gas plpesmes in
the MISO footprint and the energy zones.

f:‘l/afg ;:n_. ,,\mg\}F

Flgure 1.3: RGOS and MvVP Analyses Incremental Energy Zones and natural gas pipelines
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Multi Value Project Analysis Report

Executive Summary

Common elements belween the RGOS results and previous reliability, economic and generation
interconnection analyses were identified to create the 2011 candidate MVP portfolio. This portfolio
represented a set of 'no regrets

pro;ects which were belleved to provide multiple kinds of reliability and

economic benefits under all alternate futures studied.

The 2011 MVP portfolio analysis hypothesized that this set
of candidate projects will create a high value transmission
porifolio, enabling MISO states to meet their near term RPS
mandates. The study evaluated the candidate MVP portfolio
against the MVP cost allocation criteria to prove or disprove
this hypothesis, as well as to confirm that the benelfits of the
portfolic wouid be widely distributed across the footprint.
The output from the study, a recommended MVP portfolio,
will reduce the wholesale cost of energy dslivery for the
consumer by enabling the delivery of low cost generation to
load, reducing congestion costs and increasing system
refiability, regardless of the future generation mix.

Over the course of the MVP portfolio analysis, the candidate
MVP portfolio was refined into the portfolio that is now

recommended to the MISO Board of Directors for approval. The porifolio was refined to ensure that the
portfolio as a group and each project contalned within it was justified under the MVP criteria, discussed
below, and to ensure that the portfolio benefit to cost ratio was optimized.

Proposed MYP Transmission

=== 345k VP roposed
LD 365K YP ropased

Candidate MyP Transmissun

—— ] I

RGOS Zons

MISO - using Ventyx, Velocity Suite © 2011

3

Figure 1.4: Candidate versus Recommended MVP Portfolios
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Multi Value Project Analysis Report Executive Summary

The recommended MVP porifolio will enable the delivery of the renewable energy required by public
policy mandates, in a manner more refiable and economic than it would be without the associated
transmission upgrades. Specifically, the portfolic mitigates
approximately 650 reliability constraints under 6,700 different
transmission cutage  conditions, for steady state and fransient
conditions under both peak and shoulder load scenarios. Some of
these conditions could be severe enough to cause cascading
outages on 1lhe system. By miligating these constraints,
approximately 41 milion MWh per year of renewable generation
can be delivered to serve the MISO state renewable portfolio
mandates.

Under all future policy scenarios studied, the recommended MVP
portfolio delivers widespread regional benefits to the transmission system. For example, based on
scenarios that did not consider new energy policies, the benefits of the proposed portfoilo were shown to
range from 1.8 to 3.0 times its total cost. These benefits are spread across the system, in a manner
commensurate with their costs, as demonstrated in Figure 1.5.

\ MISO Local Resource Zohes

-?

Benefit/Cost Ratio Ranges

Local Resocurce Zones

2.0-33
. 16.2g 1828 18-32 1830 47.30

16-29

Zone 1 Zone2: Zoned  Zoned: Foned  Zoneb:  ZoneT:
MHN, T, Eastern'Wl 1A L MO N, Ky, OH LowerHl
MO, 50, andUpper

Western Wi WE

[l 1 f

Figure 1.5: F{ecommended MVP porifolio benefits spread

Taking into account the significant economic value created by the portfolic, the distribution of these value,
and the ability of the portfolio to meet MVP criterion 1 through its reliability and public policy benefits,
MISO staff recommended the 2011 MVP portfolio to the MISO Board of Directors for their review and

approval.
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Multi Value Project Analysis Report MISO Planning Approach

2 MISO Planning Approach

The goal of the MISO planning process is to develop a comprehensive expansion plan that reflects a fully
integrated view of project value inclusive of reliability, market efficiency, public policy and other value
drivers across all planning horizons. This process is guided by a set of principles established by the MISO
Board of Directors, adopted on August 18, 2005. The principles were created in an effort to improve and
guide transmission investment in the region and to furnish an element of strategic direction to the MISO
transmission planning process. These principles, modified and approved by the MISC Board of Directors
System Planning Committee on May 16, 2011, are;

¢ Guiding Principle 1: Make the benefits of an economically efficient energy market available to
customers by providing access to the lowest electric ensrgy costs.

+« QGuiding Principle 2: Provide a transmission infrastructure that safeguards local and regional
reliability and supports interconnection-wide reliability.

¢ Guiding Principle 3: Support state and federal energy policy objectives by planning for access to
a changing resource mix,

* Guiding Principle 4: Provide an appropriate cost mechanism that ensures the realization of
benefits over time is commensurate with the allocation of costs.

s Guiding Principle 5: Develop transmission system scenaric models and make them avaifable to
state and federal energy policy makers to provide context and inform the choices they face.

A number of conditions must be met to build longer term transmission able to suppott future generation
growth and accommodate new energy policies. These conditions are intertwined with the planning
principles put forth by the MISO Board of Directors and supported by an integrated, inclusive transmission
planning approach. The conditions that must be met to build transmission include:

¢ A robust business case that demonstrates value sufficient to support the construction of the
transmission project.

* Increased consensus on current and future energy policies.

+ A regional tariff that matches who benefits with who pays over time.

*  Cost recovery mechanisms that reduce financial risk.
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3 Multi Value Project portfolio drivers

The 2011 MVP portfolio analysis was based on the need to economically and reliably help states meet
their public policy needs. The study identified a regional transmission portfolio that will enable the MISO
Load Serving Entities (LSEs) to mest their Renewable Portfolio Standards (RPS). The analyses and their
results describe a robust business case for the portfolio. This business case demonstrates that not only
will the recommended MVP portfalio reliably enable Renewable Portfolio Standards to be met, but it will
do so in a manner where its economic benefits exceed its costs.

While the study focused upon the RPS requirements, the transmission portfolio will ultimately have
widespread benefits beyond the delivery of wind and other renewable energy. it will enhance system
reliability and efficiency under a variety of different generation build outs. It will also open markets to
competition, reducing congestion and spreading the benefits of low cost generation across the MISC
footprint. The MVP portfolio analysis focused on identifying and increasing the benefits of the
iransmission portfolio, including the reliability, economic and public policy drivers.

3.1 Tariff requirements

The MVP portfolio analysis and the recommendation were premised on the MVP criteria described in
Attachment FF of the MISO Tariff and shown below.

Criterion 1

A Multi Value Project must be developed through the fransmission expansion planning
process to enable the transmission system to deliver energy reliably and sconomically in
support of documented energy policy mandates or laws enacted or adopted through state
or federal legislation or regulatory requirement. These laws must directly or indirectly
govern the minimum or maximum amount of energy that can be generated. The MVP
must be shown to enable the transmission system to deliver such energy in a manner
that is more reliable andfor more economic than it otherwise would be without the
transmission upgrade.

Criterion 2

A Multi Value Project must provide multiple types of economic value across multiple
pricing zones with a Total MVP benefit to cost ratio of 1.0 or higher, where the total MVP
benefit to cost ratio is described in Section ILC.7 of Attachment FF to the MISO Tariff.
The reduction of production costs and the associated reduction of LMPs from a
transmission congestion relief project are not additive and are considered a single type of
economic value.,

Criterion 3

A Multi Value Project must address at least one transmission issue associated with a
projected violation of a NERC or Regional Entity standard and at Isast one economic
based transmission issue that provides economic value across multiple pricing zones.
The project must generate total financially quantifiable benefits, including quantifiable
refiability benefits, in excess of the total project costs based on the definition of financiai
benefits and Project Costs provided in Section 11.C.7 of Attachment FF.

The MVP cost allocation critetia requires evaluation of the portfoito on a reliability, economic and energy
delivery basis. The scope of the analysis was designed to demonstrate this value, both on a project and
porifolio basis. The projects in the MVP portfolio were evaluated against MVP criteria 1 and their ability to
reliably enable the renewable energy mandates of the MISO states was quantified.

In addition, the Tariff identifies specific types of economic value which can be provided by Multi Value
Projects. These values are:

i
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* Production cost savings where production costs include generator startup, hourly
generator no-load, generator energy and generator Operating Reserve costs. Production
cost savings can be realized through reductions in both transmission congestion and
transmission energy losses. Productions cost savings can also be realized through
reductions in Operating Reserve requirements within Reserve Zones and, in some cases,
reductions in overall Operating Reserve requirements for the Transmission Provider.

e Capacity losses savings where capacity losses represent the amount of capacity required
to serve fransmission losses during the system peak hour including associated planning
reserve.

* Capacity savings due to reductions in the overall Planning Reserve Margins resuiting
from transmission expansion.

» |ong-term cost savings realized by Transmission Customers by accelerating a long-term
project start date in liev of implementing a shorl-term project in the interim and/or long-
term cost savings realized by Transmigsion Customers by deferring or eliminating the
need to perform one or more projects in the future.

* Any other financially guantifiable benefit to Transmission Customers resulting from an
enhancement o the transmission system and related to the provisions of Transmission
Service.

The full proposed portfolio was evaluated against the benefits defined in the Tariff for MVPs. In addition to
the benefits described above, the operating reserve and wind siling benefits for the portfolio were
quantified, as allowed under the last Tariff defined economic value. These benefits are described more
fully in the economic benefit section later in the report.

3.2 Transmission strategy

A transmission strategy addressing both local needs and regional drivers allows the MISO system to
realize significant economic and reliability benefits. Regional transmission, such as the transmission in
the recommended MVP portfolio, increases reliability in the MISO footprint and opens the market to
increased competition by providing access io low cost generation, regardiess of fuel type. Development of
a strong regional transmission backbone is analogous to the development of the U.S. interstate Highway
System. While developed for specific national security justifications, the system has realized significant
additional benefits in subsequent years. Simitarly, the recommended MVP portfolio will create reliability,
economic and public policy benefits reaching beyond the immediate needs exhibited in this analysis.

The overail goal for the MVP portfolio analysis was to design a transmission portfoilo which takes
advantage of the linkages between local and regional reliability and economic benefits to bring value to
the entire MISO system. The portfolio was designed using refiability and economic analyses, applying
several futures scenarios to determine the robustness of the designed porifolio under a number of future
potential energy policies.
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3.3 Public policy needs

Twelve of thirteen states in the MISO footprint have enacted either RPS requirements or renewable
energy goals which require or recommend varying amounts of load be served with energy from
renewable energy resources. The MVP portfolio analysis focused on the transmission necessary to
economically and reliably meet the state RPS mandates. Figure 3.1 provides additional details on these
renewable energy requirements and goals.

S B At
'ND CUUMN
MT " Xk 30%by 2020
10%by 2016 lothers: 26% by 2028
15% by 2015 REICEEEA
sD W

10%by 2015 . N\ 10%by 2016

“105-3000MW )
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MISO Planned and Exlsting wind; 12 408 MW
MISO RPS Mandates; ~23,500 Mw ...... Lol

Figure 3.1: RPS mandates and goals within the MISO footprint”

RPS mandates vary from state to state in their specific requirement details and implementation timing, but
they generally start in about 2010 and are indexed to increase with load growth. While state laws support
a number of different types of renewable resources, and multiple types of renewable resources will play a
role in meeting state RPS mandates, the majority of renewable energy resources installed in the
foreseeable future will likely focus on harnessing the abundant
wind resources throughout the MISO footprint.

3.4 Enhanced reliability and economic
drivers

The ultimate goal of the MISO planning process is enable the
refiable delivery of energy to load at the lowest possible cost.
This requires a strategy premised upon a low cost approach to
transmission and generation investment. This premise supports
the overall constructability of the transmission portfolio, while
reducing financial risk associated with overbuilding the system.

" The higher number for lowa's state RPS mandates and goals reflects the wind online rather than a statutory requirement,

10
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4 MVP Portfolio Development and Scope

The MVP porifolio was developed by considering regicnal system enhancements, from previous MISO
analyses, that could potentially provide muitiple types of value, including enhanced reliability, reduced
congestion, increased market efficiency, reduced real power losses and the deferral of otherwise needed
capital investments in fransmission.

This portfolio was also based upon a set of energy zones, developed to provide a low-cost approach to
wind siting when both generation and transmission capital costs are considered. Incremental wind
necessary 1o meet the 2021 or 2026 renewable mandates for MISO stakeholders was added to these
zones, as described in the following sections.

Finally, the MVP portfolio was intensively evaluated to ensure its composite projects, and the portfolio in
total, are justified under the MVP cost allocation criterion. This analysis included an evaiuation of each
individual project justification against MVP criterion 1. It also included an evaiuation of the full portfolio,
both on a reliability and economic basis.

4.1 Development of the MVP Portfolio

MISO began to investigate the transmission required to integrate wind and provide the best value to
consumers in 2002. The analyses continued through subsequent MTEP cycles, with exploratory and
energy market analyses. As the demand for renewable energy grew, driven largely by an increasing level
of renewable energy mandates or goals, additional regional studies were conducted to determine the
transmission necessary to suppoit these policy objectives. These studies included the Joint and
Coordinated System Plan (JCSP), the Regional Generation Qutlet Studies (RGOS), and analyses by the
Organization of MISO States (OMS) Cost Allocation and Regional Planning (CARP) group.

Transmission firet stucied in

NN Expont Transmission Design
st WIEPO3
s WTEPGS
WTEP-(6
MTEP-03
MIEP-10

Proposed CMVP Parffolio

ELU Traramission Ling

MISO - using Ventyx, Vetocity Sulle © 2011
— ——————— N,

Figure 4.1: Summary of prior study input into recommended MVP portfolio
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As anaiyses continued, the policy and economic drivers behind a regional transmission plan continued to
grow. This growth was parlly fueled by the development of the MISO energy and operating reserve
market, which alfows for regional transmission to provide regional benefits through increasing market
efficiency, enabling low cost generation tc be delivered to load. Simultaneously, an increase in state
energy policy mandates drove the need for a robust regional transmission network, capable of responding
to legisiated changes in generation requirements.

It is worth noting that, although individual projects were identified beginning in MTEP03, these projects
were not studied only in the year they were first identified. Subsequent MTEP analyses built on the
analyses of previous years and culminated in the final recommendation of the recommended MVP
portfolio.

4.1.1 MTEPO3 high wind generation development scenario

In the first MISO Transmission Expansion Plan, MTEPQ3, the MISO evaluated at a high level the potential
economic benefits of large regional transmission projects under various postulated generation
development scenarios. MTEP 03 evaluated a dozen such plans based on analysis of the base plarmed
transmission system, and its ability to accommodate substantial new additions of coal, wind and gas
generation based on the interconnection queues at the time. The transmission and generation scenario
analysis showed generally that there was significant potential for the right regional transmission to result
in substantial reductions in marginal energy costs, particularly if that transmission was coupled with
introduction of low cost coal and wind energy resources.

More specifically, MTEPOQS included a high wind development scenario, which included approximately
8,600 to 10,000 MW of new wind development. This scenario was used to evaiuate several transmission
scenarios on a conceptual level, including a set of high voltage lines in lowa, running from Lakefield to
Adams in southern Minnesota, then looping back to tap the line from Raun to Lakefield line in lowa.

RNLAKEFIELD TAP Bunt

) IOWA = [ UBT66 1Y

re) 500KV -
345 kV
J3BRY ———m——

Figure 4.2: lowa transmission identified in MTEPG3
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This line was studied in subsequent MTEP cycles, and it eventually led to the Identification and
incorporation of several lowa lines into the MVP portfolio. MTEPO03 also identified a potential upgrade of
the Sidney-Rising line, as a conceptual transmission project.

41.2 MTEPO5

MTEPF0S conlinued the exploratory transmission analysis began in MTEPQ3, with two studies which
focused in the area around the Dakotas and Northern Minnesota, along with the area around lowa and
Southern Minnesota. It was expected that high voltage transmission projects in these areas would provide
additional access to existing base ioad generalion, as well as future wind investment.

Figure 4.3: Northwest Transmission Option 2

The Northwest sludy identified the need for at least one, and potenlially several, new transmission
corridors between the Dakotas and to the Twin Cities of Minnesota. These lines were further studied
through the MISO stakeholider CapX 2020 study effort, and they formed the basis of several lines
included in the recommended MVP portfolio.

rd 10

R T R &)
Ry A i )
. et

Figure 4.4: lowa-Minnesola Transmission Scenario 2
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The lowa-Minnesota study further reinforced the need for transmission through southern Minnesota and
lowa. It aiso identified the need for transmission extending from Minnesota to the Spring Green area in
Wisconsin, then from the Spring Green area southwest to the Dubuque area.

41.3 MTEPO6

In MTEPOQS, the Vision Exploratory Study modeled scenario which included 20% wind energy for
Minnesota and 10% wind energy for the cother MISO states, for a total of 16 GW. This hypothetical
generation scenario was used to evaluate additional high voltage transmission needs. Altholigh this study
focused on a 765 kV solution, it determined that transmission would be needed along many of the
corridors identified in prior studies. Additionally, it identified that a transmission path would be required
across south-central Hlinois to efficiently deliver wind energy to load.

[ Fatmes hq-md
Cdis U136

Bl nwna e
A7 fets LA
Gy LA

Wilton Ctr.

Figure 4.5: Proposed Vision Lines
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4.1.4 Regional Generation Outlet Study (RGOS)

Beginning in MTEP09, MISO began the Regional Generation Qutlet Study (RGOS). This study was
intended, at a high level, to identify the transmission required to support the renewable mandates and
goals of the MISO states, while minimizing the cost of energy delivered to the consumers. The study was
conducted in two phases: Phase | focused on the western portion of the foolprint, while Phase Il focused
on the full footprint.

—R0505_WS0_Sterlos
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Figure 4.6: Regional Generator Qutiet Study Input into MVP Portfolio

At the conclusion of the RGOS analyses, a set of three alternative expansion portfolios were identified.
These portfolios, designed to meet the renewable energy mandates and goals of the full load for all the
states in the MISO footprint, ranged in cost from $16 to $22 billion. They included transmission identified
through the previous MTEP analyses, as highlighted earlier. Common transmission projects or corridors
were identified between the three scenarios, and these projecis formed transmission recommeandations
for the initial candidate MVP porifolio.
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4.1.5 Candidate MVP Portfolio

The candidate MVP porlfolio was created based on stakeholder feedback, as well as input from the
analyses described in section 4.1. The portfolio was designed to meet the renewable energy mandates of
all MISO load, and the projects in the portfolioc were hypothesized to provide widespread benefits across
the footprint. The projects selected as candidates for possible inclusion in the broader portfolio were then
intensively evaluated in the MVP portfolio analysis to ensure they were justified and contributed to the
portfolio business case.
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Figure 4.7: Initial Candidate MVP portfolio

4.2 Wind siting strategy

Key assumptions of the MVP portfolic study revolved around the amount and location of wind energy
zones modeled within the study footprint. This energy zone development was based on stakeholder
surveys focusing on expected renewable energy needs over the next 20 years and how much of that
need is expected to be met with wind generation.

During the RGOS anergy zone development, MISO staff evaluated multiple energy zone configurations to
meet renswable energy requirements. In this process, study parlicipants identified capital costs
associated wilh generation capacity as well as capital costs associated with indicative transmission that
would help defiver the energy to the system. It was determined that the most expensive energy delivery
options were those options relying: 1) solely on the best regional wind source areas (with higher amounts
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of transmissicn needed) or 2) those options relying solely on the best local wind source areas (with higher
amounis of generation capital required).
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Figure 4.8: Generation and Transmission Capacity, by Energy Zone Location

As a result of RGOS energy zone development efforls as well as interaction with regulatory bodies such
as the Upper Midwest Transmission Development Initiative (UMTDI) and various state agencies within the
MISQ, a set of energy zones was selected. These zones represent the intention of state governments to
source some renewable energy locally while also using the higher wind potential areas within the MISO
market footprint. Zone selection was based on a number of potential locations developed by MISO
utilizing mesoscale wind data supplied by the National Renewable Energy lLaboratory (NREL) of the US
Department of Energy. The analysis found wind zones distributed across the region resulted in the best
method 1o meet renewable energy requirements at the least overall system cost.

e N A T
Figure 4.9::Energy Zone Locations
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4.3 Incremental Generation Requirements

Once the location of the incremental wind generation was determined, through the low cost wind siting
approach described above, additional analyses were required to determine how much incremental
generation will be required to meet the renewable energy mandates of the MISO stakeholders. These
analyses are based upon the 2009 retail sales for each area, as provided by the U.S. Energy Information
Administration, a growth rate of 1.125% annually, and the specifics of each state’s public policy
requirements. Details on each state’s public policy requirements may be found in Appendix A, while the
calculations used 1o determine the total energy requirements may be found in Appendix B.

IL - Ameren lllinois 3,072,047 4,274,713
IL - Alternative Retail Energy Suppliers in Ameren lllinois 2,016,516 3,046,465
Mi - Total State of Michigan less AEP® 8,383,843 8,383,843
MN - Xcel Energy 10,535,661 11,141,777
MN - Total State of Minnesota less Xcel Energy 8,050,396 10,641,919
MO - Ameren Missouri 5,825,834 6,160,994
MO - Columbia Water and Light 122,809 194,812
MT - Montana-Dakota Utilities 113,581 120,115
OH - Duke Ohio® 2,099,315 2,921,169
WI - Total State of Wisconsin 7,682,829 8,124,821

TOTAL 47,902,831 55,010,629

Table 4.1: State Renewable Energy Mandates

Incremental wind generation was added to the model to satisfy these mandated needs. The amount of
incremental generation for each zone was based on the capacity factor, the planned and proposed
generation, and existing wind with power purchase agreements to serve non-MISO load ascribed to each
zone. [t was also based on a total wind buildout following the distributed, low-cost wind siting approach
described in section 4.2.

IA-B 300 474 MN-L 0 0
IA-F 292 ‘462 MO-A 356 356
IA-G 271 427 MO-C 500 500
IA-H 215 339 MT-A 136 214
A-| 127 201 ND-G 199 313
1A-J 18 '+ 28 ND-K 164 259
IL-F 400 415 ND-M 59 94
IL-K 449 449 OH-A 30 42
IN-E 145 229 OH-B 30 42

* RPS requirement must be sourced antirely within Michigan
® Half of RPS requirement must be sourced from within Chio.
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IN-K 194 306 OH-C 30 42

MI-A 0 0 OH-D 30 42

MI-B 601 601 OH-E 30 42

MI-C 549 549 OH-F 30 42

ME-D 442 442 QOH-l 30 42

MI-E 601 601 SP-H 300 474
Mi-F 601 601 SD-J 292 461

Mi-| 303 303 SD-L 300 474
MN-B 75 119 WI-B 234 370
MN-E 0 0 WI-D 257 405
MN-H 0 0 Wi-F 0 9
MN-K 175 277

Table 4.2: Incremental Generation Added to the MVP Portfolio Analysis Model

4.4 Analyses Performed

The MVP portfolio analysis combined the MISO Board of Director planning principles and the conditions
precedent to transmission construction to develop a transmission portfolio that meets public policy,
economic and reliability requirements. The analysis built a robust business case for the recommended
fransmission, using the newly created MVP cost allocation methodology approved by FERG. The
candidate transmission was tested against a variety of potential policy futures. This maximized the value
of the transmission portfolio and reduced potential negative risks associated with its construction due to
changes in future demand and energy growth. The output of the study was a justified portfolio of
recommended MVPs for inciusion in MTEP11 Appendix A and, if approved by the MISO Board of
Direclors, subsequent construction.

The MVP cost allocation criteria requires the evaluation of the portfolio on a reliability, economic and
energy delivery basis. The analyses were designed to demonstrate this value, both on a project and
portfolio basis. To this end, the MVP portfolio analysis included the studies and output shown in Table
4.3.

These analyses focused on three main areas. The project valuation analyses focused on justifying each
individual MVP against the MVP criteria. The portfolio valuation analyses determined the benefits of the
portfolio in aggregate, quantifying additional refiability and economic henefits. Finally, a series of system
performance analyses were performed to ensure that the system reliability will be maintained with the
recommended MVP portfolio in service.
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{transmission)

4

Steady state List of thermal overloads mitigated by each project in the MVP Project
portfolio valuation
Alternatives Relative value of each MVP against a stakeholder or MISO Project
identified alternative .
. . valuation
Can include steady state and preduction cost analyses
Underbuild Incremental transmission required to mitigate constraints created System
requirements by the addition of the recommended MVP portfolio performance
Short circuit Incremental upgrades required to mitigate any short circuit / System
breaker duty violations performance
Stability |LIS¥ c:e\:ogattlsr;s mlit;gne:te:dby tit:e r;acc:n:)n;tendegl hg:lP portfolio System
nciu oth transient and voltage stability analysis performance
Portfolio
valuation
Generation Wind enabled by the MVP portfolio Portfolio
enabled .
valuation
Production cost Adjusted Production Cost (APC) benefits of the entire MVP Portfolio
portfolic valuation
Robustness Quantification of MVP porlfolio benefits under various policy Portfolio
testing futures or transmission conditions valuation
EZZEQZ%m act Impact of the MVP portfolio on existing operating reserve zones Portiolio
P and guantification of this benefit valuation
Planning Reserve | Capacity savings due to reductions in the system-wide Planning Portfolio
Margin (PRM) Reserve Margin caused by the addition of the MVP porifolio to valuation
benefits the transmission system
Transmission loss | Capacity losses savings caused by the addition of the MVP Portfolio
reductions portfolio to the transmission system, where capacity losses valuation
represent the amount of capacity required to serve transmission
losses during the system peak hour
Wind generation | Quantification of the incremental wind generator capital cost Portfolio
capital investment | savings enabled by the wind siting methodology supported by the valuation
MVP portfolio
Avoided capital Future baseline transmission investment that may be avoided due Portfolio
investment to the instaliation of the MVP portfolio valuation

SCHEDULE JTw-1

Table 4.3: MVP Portfolio Analyses and Output
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4.5 Stakeholder involvement

Stakeholders reviewed and contributed to the development of the recommended MVP portfolio
throughout the study process. A Technical Study Task Force (TSTF), composed of regulators,
transmission owners, renewabte energy developers, and market participants, met at least monthiy with
MISO engineers to provide input, feedback, and guidance throughout the MVP study processes. Also,
regutar updates were given to the MISO Planning Advisory Committee {PAC) and Planning
Subcommitiee (PSC). Finally, all study resuits were available for stakeholder review Feedback or
analyses requested throughout the study process were incorporated into the MVP portfolio scope.

Regional Planning Subregional Regional Regional Cost Candidate Planning
Generator Advisory Planning Expansion  Generator Allocation and MVP Porifolio Subcommittee
Ouliet Study | Comimiltee Meetings  Criteria and Outlet Study Il Regional Analysis
Benefits Planning
(RECB) {CARP)

Figure 4.10: Regional Planning Stakeholder Meetings, 2008 - 2011
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5 Project justification and alternatives assessment

Each project in the MVP portfolio was analyzed 1o ensure that the project is justified against MVP cost
allocation criterion 1, and to determine if any relevant aiternatives exist to the proposed projects. The
projects listed below constitule the final projects, which are recommended to the MISO Board of

Directors.
. v '
5.1 Big Stone to Brookings County 345 kV Line
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Figure 5.1: Big Stone to Brookings County

Project(s): 2221
Transmisston Owner(s): OTP, XEL

Project Description: This project creates a new 345 kV path on the border of South Dakota and
Minnesota by connecting XEL's Brookings County and OTP's Big Stone. Approximately 69 miles of
new 345 kV transmission will be installed between these two substations along with a new 345 kV
terminal at Big Stone and two 345/230 kV, 672 MVA ftransformers. The total estimated cost of this
project is $191 miltion™. The expected in service date for this project is December 2017.

Project Justification: The new 345 kV outlet from Big Stone removes overloads on the 230 kV paths
from Big Stone to Blair and Hankinson to Wahpeton along with 115 kV paths from Johnson to Morris ,
Big Stone to Highway 12 to Ortonville, Pipestone to Buffalo Ridge and Canby o Granite Falls. The
overloaded Watertown 345/230 kV is also alleviated. Along with project 2220, this project reliably
moves mandated renewable energy from thé Dakotas to major 345 kV transmission hubs and load
centers.

Alternalives Considered: An alternalive to build a new 345 kV from Big Stone to Canby to Granite
Falls to Minnesota Valley and rebuild the 230 kV or build a new 345 kV to Morris could provide an

" 1n 2011 dollars.
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alternative outlet for Big Stone wind. The cost of this alternative is higher than the 345 kV path to
Brookings County.

Braei Male Progects (MyPa) Stada Veiage
1 | B53 Stoma-Brociings S0 H5 KV
Broceings, 50 -5E Twh (fes WMFED MRV
Labeiald Mot Winnebsy-Wirdo-Fud area L Sheidoo-Burt area-YWebster MWhAA M5
‘Wiro-Limes Creshb-Emecy Biachhaak Hazsion 1A

5.2 Brookings County to Southeast Twin Cities 345 kV Line

H. | aCrozsa H. Maftor-Cerdinal & Bubuqus Co.Speng Green Cardrad ki1 Hiwy
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Addr-Cuanaa LAAG MIR
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Project(s): 1203
Transmission Owner(s): XEL, GRE

Project Description:

This project creates a new 345 kV path through southern Minnesota, by connecting XEL's Brookings
County substation to the Twin Cities. Single circuit 345 kV transmission will be constructed from
Brookings County to Lyon County, from Helena to Lake Marion to Hampton Corner, and from Lyon
County to Hazel Creek to Minnesota Valley. The Hazel Creek to Minnesota Valley section will be
operated at 230 kV initially. Double circuit 345 kV transmission will be constructed from Lyon Count to
Cedar Mountain to Helena. A 115 kV fine will be built between the new Cedar Mountain and the
existing Frankiin substations. The projett includes one 345/230 kV, 336 MVA transformer at Hazel
Creek, three 345/115 kV, 448 MVA transformers at Lyon County, Lake Marion and Cedar Mountain,
one upgraded 115/69 kV, 140 MVA transformer at Lake Marion and two upgraded 115/69 kV, 70
MVA transformers at Franklin. A new breaker and deadend structure is planned at Lake Marion and
the Aslington to Green Isle 69 kV line will be upgraded to 477 ACSR. The project adds a total of 351
miles of new 345 kV, 5 miles of new 115 kV and 5.8 miles of rebuilt 69 kV lines. The total estimated
cost of this project is $695 million''. The expected in service dates for these projects are:

* June 2013 (Cedar Mountain 345/115 kV transformer)
e August 2013 (Cedar Mountain to Helena 345 kV double circuit line and Arfingion to Green Isle 69
kV rebuild)

" In 2011 dollars

23
SCHEDULE JTW-1  page 026




Multi Value Project Analysis Report Project justification and alternatives assessment

Qctober 2013 {Lyon County 345/115 kV transformer)

November 2013 (Lyon County to Cedar Mountain 345 kV double circuit line)

January 2014 (Franklin 115/69 kV transformers)

February 2014 (Cedar Mountain to Franklin 115 kV line)

March 2014 (Lake Marion 345/115 kV and 115/69 kV transformers and station work)

April 2014 (Helena to Lake Marion 345 kV line)

June 2014 (Lake Marion to Hampton Corner 345 kV ling)

January 2015 (Brookings to Lyon Gounty 345 kV line and Hazel Creek 345/230 kV transformer)
February 2015 (Lyon County to Hazel Creek to Minnesota Valley 345 KV line)

Project Justification:
Without the Brookings County to Twin Cmes 345 kV line, the loss of Split Rock to White 345 KV leaves
only the 230kV system lo feed load to the East. This overloads the Watertown 345/230 kV transformer
without the paralle! 345 kV path from Brookings County. Not having the project also impacts the 115 kV
network in southern Minnesota which is connected on both sides by 230 kV. The loss of either 230kV
source causes muliiple overloads in the surrounding 115 kV network without this project. The joss of any
segment of the Wilmarth-Helena-Blue Lake 345 kV line in southeast Minnesota leads to overloads on the
underlying 115 kV network. Without this project, the power flowing west to east is forced through the 115
kV system, overloading the underlying 115 kV fines. The Wilmarth to Eastwood and Wilmarth to Swan
Lake 115 kV lines are overloaded without the additional 345kV support to the north that is included with
project 1203. At the Minnesota/Wisconsin interface, the loss of 345 kV fines at Blue Lake, Prairie Island,
Red Rock, Coon Creek and Chisago substations ovetload the Prairle island 345/161 kV transformer,
particularly for any NERC Category C5 outages involving lines between the aforementioned substations.
The Brookings County to Twin Cities project would bring an additional 345 kV source into this area to
reduce loading along the path into Wisconsin. There are also 115 kV overloads in this area which are
mitigated by this project.

Alternatives Considered:

With the existing 345 kV outlets out of Brookings County thermally constrained and with most of the
230 and 115 kV paths between Brookings County and the Twin Cities overloaded, mitigating all these
constraints through underlying line rebuilds would be infeasible and costlier compared to this project.
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5.3 Lakefield Junction to Winnebago to Winnco to Burt area; Sheldon to
Burt area to Webster 345 kV Lines
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Figure 5.3: Lakefield Jct to Winnebago to Winnco to Burt area; Sheidon to Burt area to Webster

Project(s): 3205
Transmission Owner(s): MEC, ITCM

Project Pescription:

Designed fo connect with project 3213, this project creates a double circuit 345/161 kV path through
the border of Minnesota and fowa. New 345 kV transmission will be built from Lakefield Junction to
Winnebago to Winnco to Burt and from Sheldon to Burt to Webster. Rebuilt 161 kV transmission will
be on the same towers and go from Lakefield to Fox Lake to Rutfand to Winnebago to Winnco and
Wisdom to Osgood to Burt to Hope to Webster. Winnebago, Winnco, Sheidon and Burt are all new
345 kV stations. Sheldon will be a tap on the existing Raun to Lakefield 345 kV line. A 345/161 kV,
450 MVA transformer will be installed at Winnebago. This project adds 218 miles of new 345 kV and
92 miles of rebuilt 161 kV transmission. The total estimated cost of this project is $506 million'”. The
expected in service dates for these projects are:

* December 2015 (All Lakefield Junction to Burt work)
» December 2016 (All Sheldon to Webster work)

Project Justification:

The new 345 kV path through southern Minnesota and northern lowa effectively mitigates the Fox
Lake — Rutland — Winnebago 161 kV constraint. Existing wind in the Winnebago and Wisdom areas
are benefitted by 345 kV transmission moving generation out of these constrained areas. Working in
tandem with project 3213, this project reliably moves mandated renewable energy from western and

214 2011 doltars
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northern lowa along with existing wind at the Winnebago, Wisdom and Lime Creek/Emery areas to
major 345 KV transmission hubs.

AHernatives Considered:

An lowa alternative of Lakefield Junction to Mitchell County and Sheidon to Burt to Webster to Black
Hawk to Hazleton 345 kV was analyzed but was not effective in collecting Lime Creek/Emery area
wind or lowering congestion on the Mitchell County to Hazleton 345 kV line. It had similar cost to the
combined lowa projects 3205 and 3213.

5.4 Winco to Lime Creek to Emery to Black Hawk to Hazleton 345 kV Line
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Figure 5.4: Winnco to Lime Creek to Emery to Black Hawk to Hazleton 345 kV line

Project(s): 3213
Transmission Owner(s): MEC, ITCM

Project Description: '

Designed to connect with project 3205, this project creates a double circuit 345/161 kV path through
northern lowa. New 345 kV transmission will be built from the new Winnco substation to Lime Creek
1o Emery to Black Hawk to Hazfeton. Rebuilt 161 kV transmission will be on the same towers as the
345 kV and will go from Lime Creek to Emery to Hampton to Franklin to Union Tap to Black Hawk to
Hazleton. A 345/161 kV, 450 MVA transformer will be installed at Lime Creek, Emery and Black
Hawk. This project adds 206 miles of new 345 kV, 23 miles of new 161 and 149 miles of rebuilt 161
kV transmission. The total estimated cost of this project is $480 miflion'*. The expected in service
date of the project is December 2015.

Project Justification:

2 1n 2011 dollars
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The new 345 kV path through lowa mitigates constraints seen on the Lime Creek — Emery — Floyd —
Bremer — Black Hawk 161 kV line. The 345/161 kV transformers at Lime Creek and Emery are
effectively acting as step-up transformers for wind and lowering congestion on the lower voltages.
The additional 345 kV path into Hazleton significantly increases the transfer capability of the Mitchell
County - Hazleton 345 kV line. Working in tandem with project 3205, this project refiably moves
mandated renewable energy from western and northern lowa along with existing wind at the
Winnebago, Wisdom and Lime Creek/Emery areas to major 345 kV transmission hubs.

Alternatives Considered:

An lowa alternative of Lakefield Junction to Mitchell County and Sheldon to Burt o Webster to Black
Hawk to Hazleton 345 kV was analyzed but was not effective in collecting Lime Creek/Emery area
wind or lowering congestion on the Mitchell County to Hazleton 345 kV line. 1t had similar cost o the
combined lowa projects 3205 and 3213.

Cardinal 345 kV Line
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Figure 5.5: North LaCrosse to North Madison to Cardinal

Project(s): 3127

Transmission Qwner(s}: ATC, XEL

Project justification and allernatives assessment

Description: This creates a 345 kV line from the North LaCrosse (Briggs Road) substation, to the
MNorth Madison substation, to the Cardinal substation, through southwestern Wisconsin. A 448 MVA,
345/161 kV fransformer will be installed at Briggs Road, and approximately 20 miles of 138 kV line
between the North Madison and Cardinai substations will be reconductored. The new 345 kV line will
be approximately 157 miles long. The estimated cost is $390 million'®. The expected in service date

is December 2018.

% In 2011 dollars
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Justification: The 345 kV iine from North LaCrosse to North Madison creates a tie between the
345kV network in western Wisconsin to the 345 kV network in southeastern Wisconsin. This creates
an additional wind outlet path across the state; pushing power into southern Wisconsin, where it can
go east into Milwaukee, or south to flinois, providing access 1o less expensive wind power in two
major load centers. With the Brookings project, the wind coming into North LaCrosse needs an outlet,
and the line to North Madison is the best option studied. From a reliability perspective, the addition of
the North LaCrosse to North Madison to Cardinal 345 kV path helps relieve constraints on the 345 kv
system parailel to the project to the north and south of the new line. The 138 and 161 kV system in
southwest Wisconsin and nearby in lowa are also overloaded during certain conlingent evenis, and
the new fine relisves those constraints. This project will mitigate twelve bulk electric system (BES)
NERC Category B thermal constraints and eight NERC Category C constraints. It will also relieve 30
non-BES NERC Category B and 36 NERC Category C constraints.

Alternatives Considered:

Rebuilding the overloaded 138 and 161 kV lines, along with adding transformers or upgrading the
existing units to handle the increased loading, was the only other aiternative considered. This was not
a viable alternative, because the cost is greater than the proposed project. The proposed project also
provides the most benefit to the transmissfon grid in the future,

5.6 Dubuque to Spring Green to Cardinal 345 kV Line
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Figure 5.6: Dubuque to Spring Green o Cardinal

Project(s): 3127

Transmission Owner(s): ATC, ITCM

Description: A 345 KV iine is created from the Dubugue substation in lowa, to the Spring Green
substation to the Cardinal substation through southwestern Wisconsin. A new Dubuque County 345
kV switching station will be created, and the Spring Green substation will be upgraded to
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accommodate the new connections. A new 500 MVA, 345/138 kV transformer will be added. To
accommodate the new 345 kV connections from Spring Green and North Madison, the Cardinal
substation will be upgraded There are also upgrades to the 69 kV system, which is being converted
to operate at 138 kV, in the Mazomanie — Black Earth — Stagecoach area. The new 345 kV line is
approximately 136 miles long. The eshmated cost is $324 million'. The expected in service date is
December 2020.

Justification: The 345 kV line from Dubugue to Spring Green to Cardinal creates a tie between the
345KV network in towa to the 345 kV.network in southcentral Wisconsiin. This expansion creates an
additional wind outlet path across the state; bringing power from lowa into southern Wisconsin, where
it can then go east into Milwaukee or south toward Chicago providing access to less expensive wind
power in two major load centers. In combination with another Multi Value Project, the Oak Grove —
Galesburg — Fargo 345 KV line, this project enables 1,100 MW of wind power transfer capability. This
new path will help offload the lines that feed the Quad City (lowa) area by bringing power fiow to the
north. From a reliabilily perspective, the addition of the Dubuque — Spring Green — Cardinal 345 kV
path helps relieve constraints on the 345 kV system parallel to the project to the north and south of
the new line, as well as 138 kV system constraints in the aforementioned areas and to the west of the
new line. The 138 kV system in southwest Wisconsin and nearby in lowa is also overloaded during
certain contingent events, and the new line relieves those constraints. Those overloadead facilities that
are not relieved by the 345 kV project are relieved by upgrades to the lower voltage transmission
system, including converting part of the 69 kV system to operate at 138 kV. This project will mitigate
eight bulk electric system (BES) NERC Category B thermal constraints and ten NERC Category C
constraints. It will also relieve two non-BES NERC Category B and two NERC Category C
constraints.

Alternatives Considered: An alternative to the proposed project would be to rebuild the 138 kV lines
that were overloaded. The cost of this alternative would be more than the proposed project, without
providing benefits of the proposed project.

¥ 1n 2041 dollars
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5.7 Ellendale to Big Stone 345 kV Line
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Figure 5.7: Eltendale to Big Stone

Projeci(s): 2220
Transmission OCwner(s): OTP, MDU

Project Description:

This project creates a new 345 kV path through the border of the Dakotas by connecting OTP's Big
Stone and MDU’s Ellendale substations. Approximately 145 miles of new 345 kV transmission will be
installed between these substations along with a new 345kV terminal at Ellendale and a 345/230 kV,
500 MVA transformer. The total estimated cost of this project is $261 million'®. The expected in
service date for this project is December 2019.

Project Justification:

The new 345 kV outlet from Ellendale removes overloads on the 230 kV path from Ellendale to Oakes
to Forman and the 115 kV path from Ellendale to Aberdeen. Ovetioads on the 230/115 kV
transformers at Ellendale, Forman and Heskett are also alleviated. Along with project 2221, this
project reliably moves mandated renewable energy from the Dakotas to major 345 kV transmission
hubs and load centers.

Alternatives Considered:

An alternative io convert the 115 kV path from Ellendaie to Huron could alleviate the southern path
constraints out of Eflendale but downstream transmission may also need to be rebuilt to accommodate
wind injection delivered through a lower impedance line. The eastern 230 kV path out of Ellendale would
need to be rebuilt to 345 kV up to Fergus Falls. The cost of this allernative is higher than a 345 kV path to
Big Stone.

'® In 2011 dollars
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5.8 Ottumwa to Adair to Palmyra Tap 345 kV Line
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Figure 5.8: Ottumwa to Adair to Palmyra Tap

Project(s): 2248, 3170
Transmission Owner(s): Ameren Missouri, MEC, ITCM

Project Description:

This creates a 345 kV path through central/feastern Missouri by connecting lowa’s Otlumwa
substation to Ameren Missouri's West Adair substation (P2248). It then extends 345 kV from West
Adair to Ameren Missouri’s Palmyra substation Tap (P3370), near the Missouri/lilinois border.
Approximately 88 miles of new and rebufit 345 kV line will be installed between Ottumwa and Adair,
along with a 345KV ferminal at Adair and a 345/161 kV, 560 MVA step down transformer. Sixty-three
miles of new 345 kV fine will be built between West Adair and the Palmyra Tap, where a new 345 kV
switching station will be established. The estimated cost is $250 million”. The New Palmyra Tap
substation will be ready by November 2016. The Ottumwa to West Adair 345 kV line and West Adair
substation work will be ready by June 2017. The West Adair to Palmyra 345 kV line and West Adair
345/161 kV transformer will be ready by November 2018.

Project Justification:

The new 345 KV lines from Cttumwa to West Adair to Palmyra will provide an outlet for wind
generation in the western region to move toward the more densely populated load centers to the east.
In addition to providing a wind outlet, the new lines will provide reliability benefits by mitigating a
number of contingent outage events during peak and shoulder periods, where the wind generation
component is much higher. The addition of the 345 kV lines and step down transformer at West Adair
is especially effective in resolving 161 kV line overloads on the {ines out of West Adair and preventing
the loss of the generation at West Adair during certain NERC Category C events. This project will
mitigate iwo bulk electric system (BES) NERC Category B thermai constraints and five NERC
Category C consiraints. It will also relieve three non-BES NERC Category B and two NERC Category
C constraints.

7 1n 2011 dollars
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Alternatives Considered:

An allernalive was to incorporate an additional 345 kV fine from West Adair to Thomas Hill. While
improving refiability in the area, the addition would not improve the distribution of benefits within
MISQO. Thus the alternative was removed, and the proposed project was recommended.

5.9 Palmyra Tap to Qumcy to Meredosia to Pawnee; Meredosia to lpava
345KV Line
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Figure 5.9: Palmyra Tap to Quincy to Meredosia to Pawnee; Meredosia to Ipava

Projeci{s): 3017
Transmission Owner{s): Ameren

Description: This creates a 345 kV path through western/central lllinois by construction of 345 kV
lines between the new Palmyra Tap switching station to Quincy, Meredosia and Pawnee. Another
345 kV line would go from Meredosia north to the Ipava substation. A total of 116 miles of new 345
kV line will be built between the Palmyra switching station and Pawnee, with new 345/138 kV, 560
MVA transformers at Quincy and Pawnee. The new 345 kV [ine from Meredosia to Ipava would be 41
miles long. The estimated cost is $392 million'®. The New Palmyra Tap switching station will be ready
by June 2016. The Palmyra Tap switching station to Quincy o Meredosia 345 kV line and the Quincy
and Pawnee 345/138kV transformers will be ready by November 2016. The Ipava substation
upgrades for new 345 kV connection from Meredosia will be ready by June 2017. The Meredosia to
Ipava and Meredosia to Pawnee 345 kV lines will be ready by November 2017.

Justification: The 345 kV lines from the Palmyra switching station to Pawnee and from Meredesia to
Ipava will provide an outlet for wind generation in the western region to move toward the more
densely populated load centers to the east. In addition to providing a wind outlet, the new lines will

% In 2011 dollars
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provide reliability benefits by mitigating a number of coniingent outage events during peak and
shoulder periods, where the wind generation component is much higher. The addition of the 345 kV
lines and step down transformers in this project will keep the power flow on the 345 kV system.
Otherwise, it would be, injected into the lower voltage transmission networks if the 345 kV additions
are not made, which causes a number of lower voltage network constraints o be afleviated. This
project will mitigate eight bulk electric system (BES) NERC Category B thermal constraints and three
NERC Category C constraints.

Alternatives Considered: A 345 kV connection between Palmyra and Sioux would alleviate some
constraints, but would not affect constraints in the Tazewell area, which would also need a 345 kV
connection to Palmyra, The alternative would not provide regional distribution of benefits with the
multi value project, as it would constrain the 345 kV path from St. Louis across socuthern lllinois and
into Indiana. Therefore the proposed project is recommended for the greatest benefit.

5.10 Pawnee to Pana to Mt. Zlon to Kansas to Sugar Creek 345kV Line
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Figure 5.10: Pawnee to Pana to Mt. Zion to Kansas to Sugar Creek

Projeci(s): 2237, 3169
Transmission Owner{s): Ameren

Description: This creates a 345 kV path through eastern/central Hlinois by building 345 kV lines
between the Pawnee substation to Pana, Mt. Zion, Kansas and Sugar Creek (Indiana). A total of 146
miles of new 345 kV line will be constructed between the Pawnee substation and Sugar Creek
substation on the eastern lllingis/Indiana border, with new 345/138 kV, transformers at Mt. Zion, Pana
{both transformers are 560 MVA) and Kansas (448 MVA transformer). The estimated cost is $372
million'® All components will be In service by November 2018, except the new Kansas to Sugar Creek
345 kV Line, which will be ready by November 2018,

%n 2011 dollars
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Multi Value Project Analysis Report Project justification and alternatives assessment

Justification: The 345 kV lines from the Pawnee to Sugar Creek in western Indiana will provide an
outlet for wind generation in the western region to move toward the more densely populated load
centers to the east. This 345 kV extension creates another 345 kV path across central lllinois to
connect 1o the existing 345 kV network in Indiana at Sugar Creek. This provides access wind
generation to all of Indiana, and supplies major toad centers such as [ndianapolis and the Chicage
suburbs in northern Indiana. The new lines will provide a wind outlet and refiability benefits, by
mitigating a humber of contingent outage events during peak and shoulder periods, where the wind
generation compenent is much higher. The addition of the 345 kV lines and step down transformers
in this project will keep the power flow on the 345 kV system. Otherwise, it would be injected into the
lower voltage transmission networks in lllinois if the 345kV additions are not made, which causes a
number of lower voltage network constraints {0 be alleviated. This project will mitigate eight bulk
electric system (BES) NERC Category B thermal constraints and 12 NERC Category C constraints.

Alternatives Considered: An alternative o the proposed project was a parallel 345 kV path fo the
north, which would have built a 345 kV line through Bicomington into Brokaw, through Gilman and to
the Reynolds Substation in northwest indiana. Although the benefits of taking this northern path were
similar to the southern route, there were fewer benefits gained by going with the northern path. It also
cost more than the recommended project.

5.11 Reynolds to Burr Oak to Hiple 345 kV line
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Figure 5.11: Reynolds to Burr Qak te Hiple

Project(s): 3203

Transmission Owner(s): NIPSCo

Description: This creates a 345 KV line from Reynolds substation to Burr Oak to Hiple through
northern indiana. At the Reynolds and Hiple stations, it creates a tie to 345kV fines routed near those
two stations but do not connect slectrically at those points. The 345 kV line is approximately 100
miles long, along with the substation upgrades at Reynolds and Hiple necessary to accommodate the
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new 345 kV line connections. The estimated cost of this project is $284 million®. The expected in
service date is December 2019.

Justification: The project from Reynolds to Burr Cak to Hiple through northern Indiana will create a
345 kV path across the northern portion of Indiana toward Michigan, with the new tie at Hiple
connecting an existing 345 kV line to the Argenta Station in southern Michigan. This path will provide
an additional 345 KV path to move wind energy across Indiana, and closer to the east coast, bringing
less expensive wind generation into areas where the expense to generate power can be considerably
grealer. The fine will relieve overloads on the 138 kV system along a parailel path as well as the 138
kV network in the Lafayette, IN, area. The additional ties at Reynolds and Hiple also reduce loading
on the existing 345 kV lines and creates a second path for power flow in this area, enhancing system
reliability. This project will mitigate five bulk electric system (BES) NERC Category B thermal
constraints and five NERC Category C constraints.

Alternatives Considered: There is no viable alternative to the proposed plan. The proposed project
runs parallel 1o the constraints identified and is the most effective at relleving them.
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Figure 5.12: Michigan Thumb Loop Expansion

Project(s): 3168
Transmission Owner{s): ITC

Description: The proposed transmission line will connect into a new station to the south and west of the
Thumb area that will tap three existing 345 kV circuits; one between the Manning and Thetford 345 kV
stations, one between the Hampton and Pontiac 345 kV stations and one between the Hampton and
Thetford 345 kV stations. Two new 345 kV circuits will extend from this new station, to be called Baker
(formerly Reese), up o a new station, 1o be called Rapson {formerly Wyatt or Wyatt East) that will be

n 2011 dollars
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located to the north and east of the existing 120 kV Wyatt station. In order to support the existing 120 kY
system in the northern tip of the Thumb, the two existing 120 kV circuils beiween the Wyatt and Harbor
Beach stations, one that connects directly between Wyatt and Harbor Beach and that connects Wyatt to
Harbor Beach through the Seaside station, will be cut into the new Rapson station. From the Rapson
station, two 345 kV circuits will extend down the east side of the Thumb to the existing Greenwood 345
kV station and then continue seuth to the point where the existing three ended Pontiac to Greenwood to
Belle River 345 kV circuit combines. To facilitate connection to the existing transmission system a new
345 KV station, to be called Filz (formerly Saratoga), is included in the ptan at a site due south of the
existing Greenwood station and just north of where the existing three ended Pontiac {o Greenwood to
Belle River 345 kV circuit combines. The Fitz station will then tap the existing Pontiac to Belle River to
Greenwood 345 kV circuit and the existing Belle River to Blackfoot 345 kV circuit. Transformation from
the 345 KV facilities to the 120 kV facilities. will be necessary to maintain continuity to the existing system
in and around the Sandusky area. The existing 120 kV facilities between the sites that will facilitate the
new 345 KV to 120 kV transformation can be utilized to facilitate a connection between the new 345 kV to
120 kV transformation and the existing 120 kV facilities in the Sandusky area. The cost of this project is
$510 million®'.

Justification: This project was needed pursuant to the direclives of the Michigan Public Service
Commission’ and the Final Report of the Michigan Wind Energy Resource Zone Board ("Board”). This
project is necessary to deliver wind mandate in Region 4, the primary wind zone region in Michigan {the
Thumby). Reliability analysis tested 13 different system conditions involving Ludington pumped storage
scenarios and Ontario interface transfers. Without mitigations, overloads were up to 155% and instability
may happen for some mulliple contingencies. With the existing system and afternative designs tested,
NERC reliability standards cannot be met when renawable sufficient to deliver the wind mandates are
connected.

Alternative 1 Considered: Replace the existing single circuit 120 kV loop from Tuscola up to Wyait and
down to Lee with two new 230 kV circuits on a 230 kV double circuit tower line that will extend from a new
230 KV station at or near the existing 120 kV Wyatt station southwest to a new 345/230 kV station
southwest of the existing Atlanta 138/120 kV station and two more 230 kV circuits on a 230 kV doubte
circuit tower line that will extend from the new 230 kV station at or near the Wyatt station down around to
the existing Greenwood 345 KV station utilizing high temperature 1431 ACSR condtctor {or an
equivalently rated conductor} and 230 kV double circuit fower (or steel pole) construction, existing ROW
as available and new ROW where necessary. Also, add two new 230 kV circuits (on new ROW) on a 230
kV double circuit tower line that will extend from the new station at or near the Wyatt station down around
the west side of the Thumb to the new station south west of the Atlanta 138/120 kV station and two new
230 kV circuits on a 230 kV double circuit tower line that will extend from the Wyait station down to the
Greenwood station along the east side of the Thumb utilizing a similar conductor/ftower configuration as
the “inner loop”. Continue south from the Greenwood 345 kV station with a new 345 kV double circuit
tower line containing two new 345 kV circuits toward a new 345 kV station at a site due south of the
existing Greenwood station and just north of the peoint where the three ended Pontiac to Greenwood to
Belle River 345 kV circuit combines. The two new 345 kV circuits from Greenwood to this new station
south of Greenwood would parallel the existing 345 kV circuit along that same path. These routes would
utilize existing ROW to the extent possible.

Total Project Cost Estimate: $740, 000,000

Alternative 2 Considered: Replace the existing single circuit 120 kV loop from Tuscola up to Wyatt and
down to Lee with two new 230 kV circuits on a 230 kV double circuit tower fine that will extend from a new
230 kV statlon at or near the existing 120 kV Wyatt statlon southwest to a new 345/230 kV station
southwest of the existing Atlanta 138/120 kV station and two more 230 kV circuits on a 230 kV double
circuit tower fine that will extend from the new 230 kV station at or near the Wyatt station down around to
the existing Gresnwood 345 kV station utilizing high temperature 1431 AGSR conductor (or an
equivalently rated conducter} and 230 kV double circuit tower (or steel pole) construction, existing ROW

2 in 2011 dollars
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as available and new ROW where necessary. Also, add two new 230 kV circuits (on new ROW) on a 230
kV double circuit tower line that will extend from the new station at or near the Wyatt station down around
the west side of the Thumb to the new station south west of the Atlanta 138/120 kV siation utilizing a
similar conductorftower configuration as the “inner loop”. Then continue south from the Greenwood 345
kV station with a new 345 kV double circuit tower line containing twa new 345 kV circuits toward a new
345 KV station at a site due south of the existing Greenwood station and just north of the point where the
three ended Pontiac to Greenwood fo Belle River 345 kV circuit combines. The two new 345 KV circuils
from Greenwood fo this new station south of Greenwood would parallel the exisling 345 kV circuit along
that same path. These routes would utilize existing ROW to the extent possible.

Total Project Cost Estimate: $560,000,000

5.13 Reynolds to Greentown 765 KV line
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Figure 5.13: Reynolds to Greentown

Projeci(s): 2202
Transmission Owner(s): NIPSCO, Duke

Description: This project creates a 765 kV line from the Reynolds substation to the Greentown
substation through indiana, north of the Lafayelte area. A 765/345 kV transformer/substation will also
be installed at the Reynolds substation. The length of 765 kV line is approximately 66 miles, along
with the 765 kV substation terminal upgrades at Greentown necessary to accommodate the 765 kV
fine connection. The estimated cost of this project is $245 million®. The 765 KV fine project will be
ready by June 2018. The 765/345 kV substation upgrade/construction will be ready by August 2018.

Justification: The 765 kV line from Reynolds to Greentown path across central Indiana will create an
additional wind outlet path across the state, pushing power closer to the east coast, bringing less
expensive wind generation Into areas where the generation of power can be considerably more
expensive. There are constraints on reliability on the 345 kV systeim to the north going toward

2 tq 2011 dollars
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Chicago and Michigan, and to the south, crossing the llinois/Indiana border and down into
southwestern Indiana. These are mitigated with the new 785 kV line. The system flows attempt to
bring power back to the Greentown substation, which cause numerous overloads for contingent
scenarios that can be mitigated with the proposed 765 kV line. The line will also relieve constraints on
the 138 kV system along a parallel path in the Lafayette, Indiana, area as well as the 138 kV line to
the south between Dresser and Bedford. This 765 kV line will provide reliability benefits throughout
Indiana. This project will mitigate seven bulk electric system (BES) NERC Category B thermal
constraints and 21 NERC Category C constraints. It also relieves four non-BES NERC Category C
constraints. ‘

Alternatives Considered: Alternatives to the proposed project would be building lines o bypass the
Lafayette area, which would relieve the constraints identified in this analysis, but load up the 230 and
138kV systems beyond the Lafayette area. The 345 kV in the Cayuga area is also heavily loaded,
and upgrading would not be recommended. The proposed project is effective in alleviating all these
constraints, without creating new ones, and provides a reduction of loadings on the existing lines.

5.14 Pleasant Prairie to Zlon Energy Center 345 KV line
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Figure 5.14: Pleasant Prairie to Zion Energy Center

Project(s): 2844
Transmission Owner(s); ATC .

Description: A 345 kV line will be created from the Pleasant Prairie substation in Wisconsin to the
Zion Energy Center substation in lllincis. The line will be approximately 5.3 miles long. The estimated
cost is $26 million®. The expected in service date is March 2014.

Justification: The 345 kV line from!Pleasant Prairie to Zion Energy Center creates an additionat
345kV tie between these two stations, allowing more power fo flow from the north down inte lllincis.

2 n 2011 doliars
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That will bring wind energy from the north and west into this area. From a reliability perspective, the
addition of the path relieves constraints on the 138 kV system adjacent to the project as weil as 138
kV system constraints to the west of the new line. This project will mitigate seven bulk eiectric system
(BES) NERC Category B thermal constraints and four NERC Category C constraints.

Alternatives Considered: No viable alternatives to this project were identified. The proposed project,
which creates a parallel path to the existing constrained line, is the most effective solution.

Kol Vaius Prodecls (MVPa) State  Vodtage

5.15 Oak Grove to Galesburg to Fargo 345 kV line
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Figure 5.15: Oak Grove to Galesburg to Fargo 345 kV line

Projeci(s): 3022
Transmission Owner(s): Ameren, MEC

Description: This creates a 345 KV line from the MEC's Oak Grove substation to Ameren’s
Galesburg substation and to the Fargo substation through central illinois. A new 560 MVA, 345/138
kV transformer will be installed at the Galesburg substation in addition to terminal additions/upgrades
at all three substations. The 345 kV line is approximately 70 miles long, along with 40 miles of
reconductor/rebua!d at 345 KV and 138 kV to complete the project. The estimated cost is $193
million®*. The Oak Grove — Galesburg 345 kV line and the Oak Grove 345 kV substation upgrades
are expected to be ready by December 2016. The Fargo — Oak Grove 345 kV Line and Galesburg
transformer addition are expected to be ready by November 2018. The Fargo substation upgrades
are expected to be in service in 2018,

Justification: The new 345 kV line,from Oak Grove to Galesburg io Fargo creates a path from
western llfinois near the lowa/lllinois border to central lllinois. This expansion creates an additional
wind outlet path across the state, pushing power into central iliinois. In combination with another
MvP, Dubuque — Spring Green — Cardinal 345 kV line, this enables 1,100 MW of wind power transter

21y 2011 dollars
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capability. From a reliability perspective, the addition of the Oak Grove to Fargo 345 kV path helps
relieve constraints on the 345 kV system to the north. The 138kV system in the same area is also
overloaded during certain contingent events. With the MVPs proposed in Wisconsin, Oak Grove to
Fargo is needed to provide an outlet for the power coming from the west. It will keep that power on
the 345 kV transmission system, rather than forcing it through the 138 kV system, requiring significant
upgrades to carry the increased power flow.

Analysis also shows that the north ties from ATC to ComEd will remain constrained despite a new
MVP frem Pleasant Prairie to Zion, if the Oak-Grove Fargo 345 kV line is not built. This is because
both outlets, Dubuque-Cardinal and Oak Grove-Fargo, are needed to effectively mitigate constraints
on the fransmission network supplying the Chicago area. This project will mitigate six bulk electric
system (BES) NERC Category B thermal constraints and five NERC Category C constraints.

Alternatives Considered: Alternatives to the proposed project would be upgrading the 345 and 138
kV lines that are overloaded going toward Chicago. Upgrading the overloaded lines would likely lead
to more overloads to the east, by injecting the additionai power into an aiready constrained 345 kV
path through Com Ed's Silver Lake area. The proposed project provides the greatest benefit to the
transmission system.
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5.16 Sidney to Rising 345kV Line
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Figure 5.16: Sidney to Rising 345 kV Ilne

Project(s): 2239
Transmission Owner{s): Ameren

Description: This builds a 345 kV line between the Sidney and Rising substation through
eastern/central Hlinois. That would create approximately 27 miles of 345 kV line, along with the
substation upgrades at Sidney and Rising needed to accommodate the new line. The estimated cost
of this project is $90 million®. The Sidney and Rising substation upgrades are expected to be ready
by June 2016, and the 345 kV line should be ready by November 2016.

Justification: The 345 kV line from Rising to Sidney in lllinois will connect a gap in the 345 kV
network in the area, promoting wind generation moving from the west to the east into Indiana. It will
mitigate constraints by keeping the power on the 345 kV system, rather than pushing it into the 138
kV network at Rising. That causes overloads on the Rising transformer and on nearby 138 kV lines
fed from Rising. This project will mitigate one bulk electric system (BES) NERC Category A thermal
constraint, one NERC Category B constraint and three NERC Category C constraints,

Alternatives Considered: Upgrading the transformer at Rising and the 138 KV lines are a possible
alternative, but that transformer was upgraded recently. Analysis shows that the power flow is being
forced into the 138 kV system between Sidney and Rising to step back up to the 345 KV system.
Completing the short connection between Sidney and Rising is the most effective recommendation
for a long term solution,

% n 2011 dollars
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6 Portfolio reliability analyses

In addition to the individual project justification, the MVP portfolio analysis also included an evaluation of
the complete recommended MVP porifolic to ensure that system reliabifity is maintained. The
recommended MVP portfolio maintains system reliability by resolving violations on approximately 650
trangmission elements for more than 6,700 system conditions. It also mitigates 31 system instability
congditions. More information on the constraints for each individual project may be found in Section 6 of
this report.

6.1 Steady state

6.1.1 Reliability Planning Methodology Overview

The reliability assessment performed for the MVP portfolio analysis tested the transmission system using
appropriate North American Electric Reliability Corporation (NERC) Table 1 events to determine if the
system, as planned, meets Transmission Planning (TPL) standards. Any violation of these standards was
identified, and the components of the portfolio were tested to determine their effectiveness in addressing
the identified issues. In addition secondary transmission upgrades were developed to mitigate any
unresolved issues. The performance of the mitigation plan was tested to ensure it alleviates the identified
issues and does not create additional issues.

6.1.2 Pianning Criteria and Monitored Elements

in accordance with the MISO Transmission Owners Agreement, the MISO Transmission System is to be
planned to meet local, regional and NERC planning standards. The MVP portfolic analysis, performed by
MISO staff, tested the performance of the system against the NERGC Standards when applicable
Renewable Portfolio Standards (RPS) were applied. Compiiance with local requirements, where the local
requirements exceed NERC standards, was not evaluated. This analysis will be performed by the
responsible Transmission Owners. All system elements that were ioaded at 85% or higher were flagged
as fransmission issues for Gategory A, B and C events. Elements under Category C3 contingencies were
flagged as transmission issues at loadings of 125% and higher.

All system elements, 100 kV and above, within the MISO Planning regions, as well as tie lines to
neighboring systems, were monitored. Elements 69 kV and above were monitored in select MISO
Planning regions per Transmission Owner planning standards. Some non-MISO member systems were
monitored if they were within the MISO Reliability Coordination Area.

6.1.3 Baseline Modeling Methodology

The MVP porifolio analysis powerflow models were developed to represent various system conditions in
the planning horizon. 2021 Summer Peak and 2021 Shoulder Peak powerflow modeis were developed.
MISO coordinated with external seam regions, including TVA, SPP, MAPP and PJM, to reflect the latest
topology of the corresponding regions. For all other areas, modeling data from the 2020 Eastern
Interconnection Planning Collaborative {EIPC) model was applied.

6.1.4 Contingencies Examined

Regional contingency files were deveioped by MISQO staff collaboratively with Transmission Owners and
regional study group input. NERC Category A, B and C contingency events on the transmission system
under MISO functional control were analyzed. In general, contingencies on the MISO members’
transmission system at 100 kV and above were analyzed, although some 69 kV transmission was also
analyzed. The MTEP10 MRO contingency files were used with updates from MISO Transmission
Owners. Automated single contingencies and bus double contingencies were also performed on the new
MVP and surrounding transmission.
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6.1.5 Results

A total of 384 thermal overloads were mitigated by the recommended MVP portfolio under shoulder peak
conditions, for approximately 4,600 system conditions. In addition, approximately 100 additional thermal
overloads and 150 voitage violations were mitigated by the recommended MVP porifolic in the summer
peak analysis.

6.2 Transient stability

The purpose of performing fransient stability analysis is to identify loss of synchronism, sometimes
referred to as ‘out of step’ conditions for existing and proposed generation under severe fault conditions
required by NERC and regional reliability standards. For the MVP portfolio transient stability analysis, two
scenarios were studied.

Tasks of the two sludies were evaluation of the impact of major fault conditions on the ability of the
generators to remain synchronized to the electric system without any voltage or damping criteria
violations.

6.2.1 Methodology and hase case creation

Transient stability analysis was performed on two cases representing the shoulder peak conditions, in
2021, after the addition of RGOS wind zones and the 17 MVP partfolio fines. The following two cases
were created for comparative analysis. These models were based upon the MTEP 11 powerflow models
utilized for the steady state analysis, as described in the previous section.

1. Abase case, or the “No MVP portfolio case,” was developed by adding all the incremental
wind zones, without the portfolio, to the MTEP11 case.

2. A study case, or the “With MVP porifolio case,” was developed by adding all the incremental
wind zones, with the portfolio, to the MTEP11 case.

The corresponding dynamic files, for the power flow cases menticned above, were created by adding the
GE 1.5 MW turbines (GEWTGT- Type 3 model) to represent each wind zone. It was assumed that all new
wind turbines would have a +/-0.95 power factor range. The machine data for all existing units was
unchanged because it had been reviewed by the Transmission Owners during the MTEP10 review
process. For all external models where the data was not available, machines were modeled with a
classical machine model (GENCLS).

6.2.2 Monitored facilities

For evaluating the transient stability performance under fault conditions, the rotor angle, active power
output, terminal voltage and the reactive power output for each machine was monitored. For evaluating
the transient voltage violations under fault conditions, 345kV bus voltages in each MISO control area
were monitored. The list of monitored bus voltages can be seen in Appendix C of this report.

6.2.3 Fault analysis and assumptions

All faults that were analyzed during the MTEP10 stability analysis review were used as the starting point
for the stability analysis. In addition, several three phase faults and single line to ground faults (SLG) were
devetoped to simulate fault conditions on the MVP portfciio lines. All these faults were reviewed by the
Technical Study Task Force in the first quarter of 2011,

A two cycle margin was added to the fault clearing times to determine if system reliability would be
maintained under more stressed conditions. Generally, when the fault clearing times are increased, the
probabiiity of having an unstable condition is also increased. Therefore, it was important to determine
whether the existing MTEP10 faults would cause system instabllity; with a two cycle embedded margin to
account for modeling errors that can mask underlying reliability issues if the clearing times are close to
the critical clearing times. This analysis was not required to comply with any NERC reliability criteria, but
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was performed to check the strength of the power system with increased wind generation and
transmission under the 2021 conditions.

At the time this fault analysis was conducted, short circuit data was not available to model SLG fault
condilions for the CMVP fauits. NERC Category C6, C7, C8 and C9 reliahility criteria requires the system
to be stable under SLG faults cleared under delayed clearing such as a stuck breaker condition. NERC
Category D1, D2, D3 and D4 reliability criteria, which is a lot more stringent, requires the system to be
stable under three phase fault conditions with delayed clearing. Typically, a three phase fault is a lot more
severe than a SLG fault and is a fot easier to simulate due to the absence of zero sequence fault
currents. Therefore, SLG faults with delayed clearing on the MVP portfolio lines were simulated as three
phase faults with delayed ctearing.

The rationale for choosing this approach was simple. If the Three Phase faults were stable under delayed
clearing conditions, then it could be reasonably assumed that the same fauits would aiso be stable under
SLG with delayed clearing. However, if the analysis revealed that a few faults caused instability, then only
those faults would then be re-analyzed with correct fault impedance.

6.2.4 Results

The transient stability analysis revealed that the addition of the MVP portfolio to the transmission system
made the system more stable under several fault conditions and 2021 shoulder peak conditions. There
were a few fault conditions, which required the addition of minor reactive support devices at a couple of
345kv buses in the western region of the MISO transmission system. The evaluation of optimized reactive
support locations under these fault conditions will be studied during the regular MTEP12 reliability
analysis, which reguires additional stakeholder input and mare detailed analysis. The resuilts of the
transient stability analysis are under Appendix C of this report.

6.3 Voltage stability

Voftage stability analysis was performed to identify voltage collapse conditions under high energy transfer
conditions from major generation resources to major load sinks. For this analysis, high transfer conditions
were analyzed, from the wind rich west region of the MISO footprint to major load centers such as
Minneapolis-St. Paul, Madison, St Louis and Des Moines. The idea was to evaiuate the incremental
transfer capability, between the generation rescurces and the load sinks, that is created by the addition of
the MVP portfolio under 2021 summer peak conditions.

6.3.1 Methodology and base case creation

The evaluation of the MVP portfolio’s incremental transfer capability benefits can only be quantified when
the results are compared to identical system conditions without the MVP lines. Therefore, two different
power flow cases were created for 2021 summer peak conditions, shown below.

1. Abase case or the "No MVP portfolio case” was developed by adding all the incremental
wind zones without the portfolio.

2. A study case or the "With MVP portfolio case” was developed by adding all the incremental
wind zones with the portfolio.

For each of the two cases mentioned above, four different transfers were modeled by increasing the
generalion in the source areas and reducing the generation in the load areas. The idea is to transmit
maximum megawatts over the transmission system before a voltage collapse condition occurs due to the
contingency loss of a major transmission line. For each simulated transfer, an interface consisting of
major import transmission lines into the load centers was created and monitored for each contingency.

The voltage stability transfer analysis was simulated under several contingency conditions to identify the
worst contingency and the corresponding maximum megawait transfer levels over the defined interface.
This method was repeated for each transfer and for both the 2021 summer peak load cases as described
above.
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6.3.2 Resulis

The comparative analysis summary below shows that the addition of the MVP lines boosted transfer
capabilities from wind rich regions to .major load centers within the MISO footprint. The details of the
voltage stability analysis showing the PV plots and reactive reserve margins for each transfer, under both
scenarios, can be viewed in Appendix C-of this report.

MISO West - Twin Cities 3399 5240 1841 54 percent
MISO West - Madison 1720 3160 1440 84 percent
MISO West - Des
Moines 2000 3100 1100 55 percent
MISO West - St Louis 3700 4660 960 26 percent

Table 6.1: Transfer capabilities under high transfer conditions

6.4 Short circuit

The reliability analysis component of the MVP portfclio study included a short-circuit analysis. The goal
was to determine whether the installation of the MVP transmission facilities would cause certain existing
circuit breakers 1o exceed their short-circuit fault interrupting capability.

Per the Tariff, should the installation of one or more MVPs cause an electrical issue on a facility, the
resolution can be included in the scope of the MVP. The costs can then be shared using the same
regional cost allocation mechanism applicable to the base MVPs, as long as the electiical issue is
associated with a facility that is owned by a MISO Transmission Owner and classified as a transmission
plant. While many electrical issues resulting from MVPs are loading or voltage related, it is also possible
for the MVPs to raise the available short-circuit fauit current at specific buses.

When the available short-circuit fault current increases beyond the capability of one or more circuit
breakers to interrupt the fault current, the situation must be remedied. Typical remedies include replacing
the affected circuit breaker with those with higher short circult fault interrupting capabilities. In some
situations, it may be necessary to reconfigure the topology of the system {e.g., splitling buses, efc.} if the
available short-circuit fault currents exceed the capabilities of available circuit breakers,

To perform the shori-circuit analysis, MISO developed defauit criteria to govern the short-circuit study.
MISO then requested each Transmigsion Owner to conduct a short-circuit analysis on their own circuit
breakers, using either their own internal criteria or MISO's default criteria, to determine if there are fault
duty issues with any circuit breakers caused by the instailation of one or more MVPs. Most Transmission
Owners elected to use the default MISO criteria. The Transmission Owners then submilted resulis to
MISO, including any recommendations to be added to the scope of existing MVPs. The default MISO
criteria for the short-circuit analysis follows.

6.4.1 Default criteria for worst case fault current interruption exposure

This default criteria will establish the worst case fault current interruption exposure for each circuit breaker
when there is no established criteria for worst case fault current inferruption exposure for a specific
Transmission Owner:

¢ Three-phase, phase-to-ground and double phase-to-ground faulis will be evaluated.
Phase-to-phase fauits will not be evaluated.
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Faults will be simulated with zero fault impedance.

Fauit currenis will be calculated in accordance with IEEE/ANS| Standard C37.010-1999
using the X/R mulliplying factors.

Faults will be simulated with all generation on-line with the sub transient reactance or
equivalent modeled for all generators.

Fauits will be simulated with all network buses and branches in their normal
configuration,

For branch faults, fault locations will be simulated at the branch-side terminals of the
cireuit breaker in question.

For branch and bus faults, faults current circuit breaker flows will be determined
assuming all other circuit breakers protecting the branch or bus are open. While this
results in a lower total fault current, this typically represents the highest fault current
exposure for a specific circuit breaker.

For each circuit breaker, simulations will be made {o determine the worst case fault
current interruption exposure for primary and backup zones of protection, where backup
zones of protection are covered by a specific circuit breaker under the failure of a
different circuit breaker.

6.4.2 Default criteria for circuit breaker fault duty caiculations

The following defauit criteria will be used to establish the fault duty for each circuit breaker when there is
no established criteria for circuit breaker fault duty calculations for a specific Transmission Owner:

For each circuit breaker, the interrupting capability of the circuit breaker must be greater
than the worst case fauit current interrupling exposure of the circuit breaker, plus a safety
margin of 2.5 percent

When specific circuit breakers must be derated for reclosing duty, the Transmission
Owner will inform MISO about the specific derates and the assaociated zones of
protection where they apply for each circult breaker. These derates will be applied in
determining the fault duty for the circuit breaker.

6.4.3 Results

The results of the short-circuit analysis indicated the need for only nine circuit breaker replacements,
representing an estimated capital cost of about $2.2 million, or less than 0.1 percent of the
recommended MVP portfolio. The circuit breaker replacements represented lower voltage circuit breakers
exposed to higher fault current levels due the instaliation of nearby MVP facilities. The recommended
circuit breaker replacements are shown in the table below:

Blount 69 kV 3 N. Lacrosse — Cardinal - Dubuque
Lakefield 161 kV 1 Lakefield - Hazleton
Winnebago 161 kV 3 Lakefield — Hazieton
Lime Creek 161 kV 1 Lakefield — Hazleton
Hazleton 161 kV 1 Lakefield — Hazleton

Table 6.2: Circuit breaker replacements
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7 Portfolio Public Policy Assessment

The projects in the proposed Mulli Vaiue Project portfolio were evaluated against criterion 1, which
require the projects to reliably or economically enable energy policy mandates. To demonstrate the ability
of the portfolic to enable the renewable energy mandates of the foolprint, a set of analyses were
conducted to quantify the renewable energy enabled by the footprint.

This analysis togk part in two paris. The first part demonstrated the wind needed t0 meet the 2026
renewable energy mandates that would be curtailed but for the recommendad MVP portfolio. The second
part demonsirated the additional renewable energy, above the 2026 mandate, that will be enabled by the
porifolio. This energy could be used to serve mandated renewable energy needs beyond 2026, as most
of the mandates are indexed to grow with load.

7.1 Wind Curtailment

A wind curtailment analysis was performed to find the percentage of mandated renewable anergy which
could not be enabled but for the recommended MVP portfolio.

The shift factors for all wind machines were calculated on the worst NERC Category B and C contingency
constraints of each monitored element identified as mitigated by the recommended MVP portfolio. The
429 monilered element/contingent element pairs (flowgates) consisted of 205 Category B and 224
Catagory C contingency events. These constraints were taken from a bland of 2021 and 2026 wind levels
with the final calculations based on the 2026 wind levels.

Since the majority ol the western region MVP justification was based on 2021 wind levels, it was
assumed that any incremental increase to reach the 2026 renewable energy mandated levels would be
curtailed. A transfer of the 193 wind units, sourced from both committed wind units and the RGOS energy
zones, to the system sink, Browns Ferry in TVA, was used to develop the shift factors on the flowgates.

Linear oplimization logic was used to minimize the amount of wind curtailed while reducing loadings 1o
within line capacities. Similar to the Muiti Value Project justifications, a target loading of less than or equal
to 95% was used. 24 of the 429 flowgates could not achieve the target loading reduction, and their targets
were relaxed in order to find a solution.

The algorithm found that 10,885 MW of dispatched wind would be curiailed. As a connected capacity, this
equates 1o 12,095 MW as the wind is modeled at 90% of its nameplate. A MISO-wide per-unit capacity
factor was averaged from the 2026 incremental wind zone capacities to 32.8%.

The curtailed energy was caiculated to be 34,711,578 MWHr from the connected capacity times the
capacity factor times 8,760 hours of the year. Comparatively, the full 2026 RPS energy is 55,010,629
MWHr. As a percentage of the 2026 full RPS energy, 63% wouid be curtaited in lieu of the MVF portfolio.

7.2 Wind Enabled

Additional analyses were performed to determine any incremental wind energy, in excess of the 2026
requirements, enabled by the recommended MVP portfolio. This energy could be used to meet renewable
energy mandates beyond 2028, as most of the state mandates are indexed to grow with load. A set of
two First Gontingency Incremental Transfer Capability (FCITC) analyses were run on the 2026 model to
determine how much the wind in each zone could be ramped up prior to additional reliability constraints
accurring.
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First, a transfer was sourced from all the wind zones in proportion to their 2026 maximum output. All the
Bulk Electric System {BES) elements in the MISO system were monitored, with constraints being flagged
at 100% of the applicable ratings. All single contingencies in the MISO footprint were evaluated during the
transfer analysis. This transfer was sunk against MiSO, PJM, and SPP units, in the proportions below.
More specifically, the power was sunk 1o the smallest units in each region, with the assumption that these
small units would be the most expensive system generation.

MISO 33 percent
PJM 44 percent
SPP 23 percent

Table 7.1: Transfer Sink Distribution

As a result of this analysis, it was determined that an additional 981 MW could be reliably sourced from
the energy zones. Because of regional transfer limits, no additional western wind could be increased
beyond this level. The output levels of the wind zones were updated in the model and a second transfer
analysis was performed to determine any incremental wind that could be sourced from the Central and
East wind zones. This analysis was performed with the same methodology and sink as the first analysis,
but all the western wind zones were excluded from the transfer source. This analysis determined that
1,249 MW of additional generation could be sourced from the Central and Eastern wind zones.

|A-BF 22.5 IN-E 144.9 MT-A 15.4
1A-GH1 27.4 IN-K 483.0 ND-M 2.4
IA-H2 76.0 MN-B. 109.5 SD-HJ 130. 1
IA-d 5.1 MN-H 254.7 SD-L 15.4
IL-F 678.6 MN-K 34.8 WI-B 230.4

Table 7.2: Incrementat Wind Enabled Above 2026 Mandated Level, by Zone

In total, it was determined that 2,230 MW of additional generation could be sourced from the incremental
energy zones to serve future renewable energy mandates. When the results from the curlaiiment
analyses and the wind enabled analyses are combined, the recommended MVP parifolio enables a tolal
of 41 million MWhs of renewable energy 1o meet the renewable energy mandates.
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8 Portfolio economic benefits analyses

Multi Value Projects represent the next step in the evolution of the MISC transmission system: a regional
network that, when combined with the existing system, provides value in excess of its costs under a
variety of future policy and economic conditions. These benefits are discussed below, as well as the
analyses used to determine them,

Benefit by Value Driver $15,640- $8,789-

siasasp503 SE2ETH

R

(20 to 40 year presentvalues, in 20118 Million) £49 204

51118

312,404-
540,949 $28- 87

T

0 tl;er Capital Benel

Deferred Generafion
Investment

iciency

Figure 8.1: Recommended MVP porifolio economic benefits

8.1 Congestion and fuel savings

The recommended MVP portfolio allows for a more efficient dispatch of generation resources, opening
markets to competition and spreading the benefits of low cost generation throughout the MISQO foolprint.
These benefits were outlined through a series of produclion cost analyses, which captured the economic
benefits of the recommended MVP transmission and the wind it enables. These benefits reflect the
savings achieved through the reduction of transmission congestion costs and through more efficient use
of generation resources.

The future scenarios without any new energy policy requirements provide a baseline of the recommended
MVP portfolio’s benelits under current policy conditions. Additionally, the evaluation of the Carbon
Constrained and Combined Policy future scenarios provide "bookends,” helping ¢ show the full range of
benefits that may be provided by the portfolio. Looking at the “Business as Usual” future scenarios with
no naw energy policies, the recommended MVP porifolio will produce an estimated $12.4 to $40.9 billion
in 20 to 40 year present vaiue adjusted production cost benefits, depending on the timeframe, discounts
and growth rates of energy and demand. This benefit increases to a maximum present vaiue of $91.7
billion under the Combined Policy future scenario.
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8.1.1 Production cost model development

PROMOD IV® is an integrated electric generaiion and transmission market simulation system, and was
the primary tool used to support economic assessment of the recommended MVP porifolio. It
incorporates detalls of generating unit operating characteristics and constraints, transmission constraints,
generation analysis, unit commitment/operating conditions and market system operafions. it performs an
8,760-hour ceniralized securily constrained unit commitment and economic dispatch, recognizing
generation and transmission impacts at the nodai level. it uses an houtly chronological dispatch algorithm
that minimizes cost, while recognizing a variety of operating constraints.

These include generating unit characteristics, transmission limits, fuel and environmental considerations,
reserve requirements and customer demand. It provides a wide spectrum of forecasts on hourly energy
ptices, unit generation, fuel consumption, energy market prices at bus level, regional energy
interchanges, transmission flows and congestion prices.

To be able to perform a credible economic assessment on the recommended MVFP portfolio, production
cost models require detailed mode! input assumptions on generation, fuel, demand and energy,
transmission topology and system configuration, described helow.

8.1.2 Models

The primary economic analysis was performed with 2021 and 2026 production cost modeis, with
incremental wind mandates considered for 2021, 2026 and 2031, respectively. Three various levels of
wind mandates and loads were modeled: 2021 RPS mandates and load levels, 2026 RPS mandates and
load levels and 2026 load levels, plus all generation enabled by the recommended MVP porifolio used to
estimate benefits in year 2031.

The transmission topology was taken from the 2021 summer peak power flow modeil developed through
the MTEP11 planning process. The 2026 production cost models used the same transmission topology
as 2021. The PROMOD study footprint included the majority of the Eastern Interconnection with 1ISO-New
England, Eastern Canada and Florida excluded. Although these regions have very limited impact on the
study results, fixed transactions were modeled to capture the influence of these regions on the rest of the
study footprint.

8.1.3 Eventfile

Production cost models use an “event file” to capture a set of transmission constraints. The constraints
ensure system reliability by performing hourly security constrained unit commitment and economic
dispatch. The event file was developed based on the latest Bock of Flowgates from MISO and NERC,
updated to incorporate rating and configuration changes from concurrent studies in the MTEP11 planning
cycle. In addition, MUST AC analyses and PROMOD Analysis Tool {PAT) contingency screening
analyses were performed to identify a number of additional monitored/contingencies 1o ensure the most
severe limiters of the transmission system are captured in the event file. As an integral part of the study,
stakeholders and interested parties were extensively involved in the review of the event file,

8.1.4 Benefit measure

Comprised of 17 projects spread across the MiSO footprint, the recommended MVP portfolio enables the
renewable energy delivery required by public policy mandates that couid not otherwise be realized. To
determine the economic benefits of the recommended MVP portfolio, two production cost model
simulations were performed with and without the combination of the recommended MVP portfolio and the
wind it enables. The difference between these two cases provides measurable benefits associated with
the recommended MVP portfolio, focusing on Adjusted Production Cost savings according to the tariff
provisions. Adjusted Production Cost is the annual generation fieet production costs, including fuel,
variable operations and maintenance, start up cost and emissions, adjusted with off-system purchases
and sales. Adjusted Production Cost savings are achieved through reduction of transmission congestion
costs and more efficient use of generation resources across the system.
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8.1.5 Policy driven future scenarios

To account for out-year public policy and economic unceriainties, MISO collaborated with its stakeholders
to refresh available fulure poiicy scenarios to better align them with potential policy outcomes taking
place. The future scenarios were designed to bookend the potential range of future policy outcomes,
ensuring that ail of the most likely fulure policy scenarios and their impacts were within the range
bounded by the results. Four futures were refreshed and analyzed:

e Business As Usuai with Continued Low Demand and Energy Growth {BAULDE) assumes that
current energy policies will be continued, with continuing recession level low demand and energy
growth projections.

« Business As Usual with Historic Demand and Energy Growth (BAUHDE) assumes that current
energy policies will be continued, with demand and energy returning to pre-recession growth
rates.

» Carbon Constrained assumes that current energy policies will be continued, with the addition of a
carbon cap modeled on the Waxman-Markey Bitl.

s Combined Energy Policy assumes multiple energy policies are enacted, including a 20 percent
federal RPS, a carbon cap modeled on the Waxman-Markey Bill, implementation of a smart grid
and widespread adoption of electric vehicles.

The various input assumptions and uncertain variables defined for each policy driven future dictate a
unique set of generation expansion plans on a least cost basis to meet regional Resource Adequacy
Requirements, detailed In Table 8.1.

BAULDE State RPS 0.78 percent 0.79 percent $5 None
BAUHDE State RPS 1.28 percent 1.42 percent $5 None
. 20 percent ‘

Combined $50/ton (42
Energy Policy Federza!(l)zRSPS by | 0.52 percent 0.68 percent $8 percent by 2033)
Carbon , $50/ton (42
Constrained State RPS 0.03 percent 0.05 percent $8 percent by 2033)

Table 8.1: MTEP11 Future Scenario Assumptions

8.1.6 Economic analysis results

A hoiistic economic assessment for the recommended MVP portfolio was performed against a wide range
of future policy driven scenarios. This was done to minimize the risk imposed by the uncertainties around
potential policy decisions. The future scenarios without any new energy policy mandates provide a
baseline of the recommended MVP portfolio’s benefits under current policy conditions. The evaluation of
the Carbon Constrained and Combined Energy Policy future scenarios also provide “bookends” which
help show the full range of benefits that may be provided by the porifalio.
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8.1.7 Adjusted Production Cost savings and benefit spread

With the recommended MVP portfolio providing access to the lowest electric energy costs and relieving
tfransmission congestion across the MISO footprint, the portfolic brought a wide range of adjusted
production cost savings, from an estimated $12.4 to $28.3 billion in 20 year present value terms under the
four selected future scenarios, as shown in Figure 8.2.

The recommended MVP portfolio alsb collects renewable energy from a distributed set of wind energy
zones, enables the wind delivery and -provides widespread regional benefits across the MISO footprint,
regardless of future policy outcomes.

20 year NPV Adjusted Production Cost Savings Spread by Future
(2011% in Millons)

$30,000 - -

$25,000

$20,000

@ East
# Central
2 West

$15,000 R T

$10,000 |——

BAULDE BAUHDE CombinedPolicy Carben Constraint

Figure 8.2: Adjusied Production Cost Savings spread by future
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8.1.8 Generation displacement

Figure 8.3 summarizes the 2021 annual energy production changes belween the base case and the
change case. The recommended MVP porifolio enables the delivery of renewable energy to meet the
near term RPS mandates of MISO states in a mare reliable and economic manner, causing higher cost
units to be displaced by the wind resources enabled by the proposed portfolio across the MISO footprint.
Moreover, the recommended MVP portfolio allows low cost energy in the western regions to reach a
wider footprint. It leads to a more efficient usage of generation resource across the entire study footprint,
with some leve! of generation displacement occurring in external regions, particularly in PJM and SERC.

2021 BAU Annual Energy Difference by Category by Region {MWh)
Base Case Minus Change Case with MVP and Wind Enabled

30,000,000 - -
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... acc
SERC SPP IESO MHEB NYISO & Wind
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& Nugl
(10,000,000) __ e uclear
Hydro (Existin

{20,000,000}

{30,000,000)

Figure 8.3: Generation displacement by region

53
SCHEDULE JTW-1  page 056




Mulii Value Project Analysis Report Portfolio economic benefits analyses

8.1.9 Economic Variable Impact

The projected benefits of the recommended MVP portfolio depend on projections of future policy and
economic variables. Figure 8.4 shows the impacts of economic variable assumptions on the projected
economic benefits achieved by the recommended MVP portfolio, with the primary focus on the time of
present value calculations and discount rate.

Considering solely the ‘Business as Usual' future scenarios with no new energy policies, the
recommended MVP portfolio will produce an estimated $12.4 to $40.9 billion in 20 to 40 year present
value adjusted production cost savings, depending on the time, discount rates and rate of energy and
demand growth. This benefit would increase to a maximum present vaiue of $91.7 billion under the

$45,000
$40,000 B20 Year Present
’ Value, 8.2%
$35,000 Discount Rate
$30,000
%40 Year Present
$25,000 Value, 8.2%
Discount Rate
$20,000
$15,000 &20 Year Present
Value, 3.0%
$10,000 Discount Rate
$5,000
$- — - %40 Year Present
Low Demand and Energy Growth Historic Demand and Energy Value, 3.0%
Growth Discount Rate

Figure 8.4: Adjusted Pioduction Cost Benefits from recommended MVP portfolio
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8.2 Operating reserves

In addition to the energy benefits quantified in the preduction cost analyses, the recommended MVP
portfolio will also reduce operating reserve costs. The recommended MVP paortfolio decreases congestion
on the system, increasing the transfer capability into several key areas that would otherwise have 1o hold
additional operating reserves under certain system conditions.

Operating
Reserve
- {Zones

1 June 2011

hiewrsn

ana

EURNE o 170
| Berstys 2600 DofWation: June J6H - Map kT

e
G

Fig'ure 8.5: Operating reserve zones

MISC determined that the addition of the recommended MVP portfolio will eliminate the need for the
Indiana operating reserve zone, as shown in Figure 8.5, and the need for additional system reserves to
be held in other zones across the footprint would be reduced by half. This creates the opportunity to
locate an average of 690,000 MWh of operating reserves annually where it would be most economical to
do so, as opposed to holding these reserves in prescribed zones, crealing benefits of $28 to $87 million in

20 to 40 year present value terms.
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8.2.1 Analyses

Portfolic economic benefits analyses

Operating reserve zones are determined, on an ongoing basis, by monitoring the energy flowing through
certain flowgates across the system. The zonal operating reserve reguirements, based on the actual
conditions from June 2010 through May 2011, are shown below in Table 8.2,

95 1

Missouri 95.1

Indiang 14966 53 282.4

N-Ohio 9147 15 509.8
Michigan 4915 17 2821
Wisconsin 227 2 113.4
Minnesota 376 i 376.3

Table 8.2: Historic operating requirements

Transfer analyses were performed to determine the changes in flows due tc the addition of the
recommended MVP portfolio to the system. These analyses were performed on both the most recent
model used to create the operating reserve limitations, as well as on the 2021 MTEP11 power flow
model.

-18.5%
Missouri [Coffeen - Roxford 345 Newton-Xenia 345 -0.8% 8.5%
\ . -87.2%
Indiana [Bunsonville-Eugene 345  |[Casey-Breed 345 -17.5%
. Dumont-Wilten Center -9.49%
Indiana iCrete-St. Johns Tap 345|765 -4.5%
Benton Harbor - Palisades -4.6%)
Michigan |345 Cook - Palisades 345 -10.8%
-2.3%
WisconsinMWEX 4 -20.2% ’
, 15.9%
iMinnesotalArnoid-Hazleton 345 N/A -60.9%

Table 8.3: Change in transfers, pre-MVP minus post-MVP

As a result of these transfer analyses, it was determined that the need for the Indiana operating zone
would be eliminated by the addition of the recommended MVP portfolio to the transmission system. Also,
it was determined that the need for operating reserve requirements in other zones throughout the MISO
footprint would be reduced by half.

The ability to locate reserves at the least-cost location, rather than in a specific zone, will drive a benefit
equal to between $5/MWh and $7/MWh. These benefits were assumed to grow with load growth, at
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roughly 1% per year. As a result, the recommended MVP portfolio will create $33 to $116 million in
praesent value benefits.

359,195 0 354,252 177,126 713,446 177,126 $2.68 $3.75

Table 8.4: 2011 operating reserve reductions and quantification

8.3 System Planning Reserve Margin

The system planning reserve is calculated by determining the amount of generation required to maintain
a one day in 10 years Loss of Load Expectation (LOLE). The reserve margin requirement is calculated
through summing two components: the unconstrained system Planning Reserve Margin (PRM) and a
congestion contribution. The recommended MVP portfolio reduces transmission congestion across MISQ,
thereby reducing the system PRM and dscreasing the amount of generation required to meet the PRM.
By reducing the PRM, the recommended MVP portfolio defers new generation, crealing present value
benefits equal to $1.0 to $5.1 billion in 2011 dollars under business as usual conditions. Results for each
set of future scenatios and business case assumptions are shown in Table 8.5.

Business As Usual with Continued
Low Demand and Energy Growth

$1,460 | $1,023 | $1,869 | $1,151

'7
Business As Usual with Historic
Demand and Energy Growth

$3,811 | $1,281 | $5,093 | $1,496

Combined Energy Policy $1,610 | $971 |$2.222 | $1,167

Carbon Constraint $2,145 | $1,159 | $2,747 | $1,309

Table 8.5: Planning Reserve Margin Capacity Reduction

8.3.1 Congestion Impact

Additional transmission investment may ease congestion in the system, reducing the congestion
component used to calculate the system PRM and reducing the future capacity required to meet system
toad. The reduction in system congestion, as cafculated through the production cost models as the
reduction in congestion costs, was determined to be 21%.
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In the 2011 Planning Year LOLE Study Report, it was determined that the system Planning Reserve
Margin wouid begin to increase due o congestion in 2016. Congestion was found to increase by 0.3
percent annually, rising to 1.5 percent by 2020°° and 4.5 percent by 2030.

The recommended MVP portfolio will decrease this congestion by 21 percent, when the entire portfolio is
in-service. The reduction was phased-in to account for the different in-service dates of the various
projects in the portfolio, with the congestion reduction starting at 3.5 percent in 2016 and growing linearly
to 21 percent by 2021. This congestion reduction was muitiplted by the pre-MVP congestion to find the
total impact of the recommended MVP portfolio. This resulted in the congestion components shown in

Table 8.6.

2011 0.0 percent 0.0 percent 0.0 percent 0.0 percent
2012 0.0 percent 0.0 percent 0.0 percent 0.0 percent
2013 0.0 percent 0.0 percent 0.0 percent 0.0 percent
| 2014 0.0 percent 0.0 percent 0.0 percent 0.0 percent
2015 0.0 percent 0.0 percent 0.0 percent 0.0 percent
2016 0.3 percent 3.5 percent 0.0 percent 0.3 percent
2017 0.6 percent 7.0 percent 0.0 percent 0.6 percent
2018 0.9 percent 10.5 percent 0.1 percent 0.8 percent
2019 1.2 percent 14.0 percent 0.2 percent 1.0 percent
2020 1.5 percent 17.5 percent 0.3 percent 1.2 percent
2021 1.8 percent 21.0 percent 0.4 percent 1.4 percent
2022 2.1 percent 21.0 percent 0.4 percent 1.7 percent
2023 2.4 percent 21.0 percent 0.5 percent 1.9 parcent
2024 2.7 percent 21.0 percent 0.6 percent 2.1 percert
2025 3.0 percent 21.0 percent 0.6 percent 2.4 percent
2026 3.3 percent 21.0 percent 0.7 percent 2.6 percent
2027 3.6 percent .21 .0 percent 0.8 percent 3.0 percant
2028 3.9 percent 21.0 percent 0.8 percent 3.1 percent
2029 4.2 percent 21.0 percent 0.9 percent 3.3 percent
2030 4.5 percent 21.0 percent 0.9 percent 3.6 percent

Table 8.6: Planning Reserve Margins Congestion Component

#or more information, refer to table 5.1 in the Planning Year 201+ LOLE Study Report, at the link below:
hitps:#www.misoenargy.org/Library/Repository/Study/LQLE/201 1 %20LOLE%20Sudy%208eport. pdf
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8.3.2 Planning Reserve Margin Reduction

The uncongested Planning Reserve. Margin was set to 17.4 percent for the full study period. This margin
was summed with the congestion component, as calculated above, to find the full Planning Reserve
Margin Requirement, both with and without the recommended MVP portfofio. Figure 8.6 shows the
expected system PRM for 2011 through 2030 accounting for congestion and system PRM relief from the
recommended MVP portfolic.

23.0%

Expected System PRM for 2011-2030

22.0% -

21.0%

20.0%

19.0%

18.0% /

17.0%

Expected Planning Reserve Margin (PRM)

16.0% ——— ;
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2023 2022 2023 2024 2025 2026 2027 2028 2029 2030

T T T 7 T T 1 t T T

e System PRM (without MVP Portfolio) ~—=System PRM (with MVP portfolio)

Figure 8.6: Expected System PRM, with and without the recommended MVP porifolio

8.3.3 Deferred Capacity Calculation

Sufficient generation must be built to ensure that, as the system Planning Reserve Margin increases,
enough capacity is available to meet the system load and Planning Reserve Margin requirements. A
lower PRM wili require less future generation investment, resuliing in a reduction in required capital
outlays.

Electric Power Research Institute (EPRI's) Electric Generation Expansion Analysis System (EGEAS) was
used to caiculate the capacity benefits from PRM reduction due to transmission investment. The EGEAS
model requires load forecast data, existing generation data, planned generation capacity and Planning
Reserve Margin target as inputs. '

Two series of analyses were run. The first set of analyses, representing the pre-MVP case, containad
higher Planning Reserve Margins, The second set of analyses held all the variables constant except for
the Planning Reserve Margin, modeling the lower Pianning Reserve Margin created by the proposed
Multi Value Project portfolio. The difference in the required capacity expansion between the two models
is a benefit of the recommended MVP portfolio.
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Reference Inputs Model Quiputs
Load Data e EGEAS el Fixed O&M &
Generation Dala . {Reference Case} CapitaiCosls
PRM Target
Change Inputs Modei Quitputs
Load Data EGEAS promemsmmcfBn) - Fixed O&M &
Generalion Data (Change Case) Capilal Cosis
PRM Target’

Capacity Cost Savmgs = Cost Reference Case ” Cost Change Case

Figure 8.7: Capaciiy cost savings will be calculated by running two EGEAS cases.

EGEAS accurately captures the type and timing of resource additions that would occur with and without
the Planning Reserve Margin {PRM) congestion relief. EGEAS outputs unit-by-unit capital fixed charge
reports for each of these new capacity additions by year from 2011 through 2030. The capital cost of
these capacily projections were then caiculated as the 20-ysar or 40-year present values figures. These
benefits include the reduction in annual fixed cperations and malintenance charges from deferred
capacity, as well as the capital charges from the reduced capacity requirements.

As can be seen in Figure 8.8 below, 400 MW of CT would be deferred by the additional of the
recommended MVP portfolio in 2020, and 200 MW would be deferred in 2024. These resuits were
documented for the Business as Usual with continued low demand growth rate future. Similar resuits

were documented for the other futures.
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Figure 8.8: Business as Usual capacity expansion results, PRM benefit
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8.4 Transmission line losses

The addition of the recommended MVP portfolio to the transmission network reduces overall system
losses, which also reduces the generation needed to serve the combined load and transmission line
losses. The energy value of these loss reductions is considered in the congestion and fuel savings
henefits, but the loss reduction also helps o reduce future generation capacity needs. Specifically, when
installed generation capacity is just sufficient to meet peak system load plus the planning reserve margin,
a reduction in transmission losses reduces the amount of generation that must be built. This saves $111
million to $396 million in 2011 dollars, excluding the impacts of any potential future policies. Table 8.7
shows the capacity deferral results, depending on the timeline of the present value calculations, the
discount rafe and future scenarios analyzed.

Business As Usual with $317 $229 $396 $251
Continued Low Demand and
Energy Growth

Business As Usual with Historic | $111 $305 $196 $358
Demand and Energy Growth

Combined Energy Policy $655 | $525 | $834 | $532
Carbon Constraint $737 $229 $749 $248
Table 8.7: Transmission Line l.osses Capacily Deferral

8.4.1 Transmission Losses Reduction

The transmission loss reduction was calculated through the PSS/E model. More specifically, the
transmission line losses 'in the MTEP11 2021 summer peak models were compared, both with and
without the recommended MVP transmission. This vaiue was then used to extrapolate the transmission
line losses for 2016 through 2021, assuming escalation at the normal demand growth rate.
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8.4.2 Capacity Deferral Simuiations

The change in reguired system capacity expansion due to the impact of the recommended MVP portfolio
was calculated through a series of EGEAS simulations. In these simulations, the total system generation
requirement was set to the system Planning Reserve Margin multiplied by the system load plus the
system losses (Generation Requirements = (1+PRM)*(Load + Losses)). To isolate the impact of the
transmission line loss benefit, all variables in these simulations were held constant, except for the system

losses.
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Figure 8.9: System peak demand, with and without the recommended MVP porifolio
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The difference in capital fixed charges and fixed operation and maintenance costs in the reference, or
pre-MVP case, and the post-MVP case is equal to the capacity benefit from transmission loss reduction,
due to the addition of the recommended MVP portfolio to the transmission system. This capacity benefit
was studied for the four MTEP11 future scenarios and ohserved during the study period (2011-2030}.
The capital impact of the change in capacity was then captured between 2021-2040 for a 20-year benefit
value, and 2021-2060 for a 40-year capacity benefit value. As can be seen in Figure 8.10, 200 MW of CT
is deferred in 2020 in the Business As Usual with a Low Demand and Energy Future at 8.2 percent
discount rate.

Thermal Capacity Expansion Change from Transmission Loss Reduction
for Business As Usual with low demand and energy growth rate future
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Figure 8.10: Business as Usual with Low Demand and Energy Capacity Additions, pre and post
’ MvP
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8.5 Wind turbine investment

As discussed previously, MISO deterntined a wind siting approach that results in a low cost solution,
when transmission and generation capital cosis are considered. This apptoach sources generation in a
combination of local and regional locations, placing wind local to load, where less transmission is
required; and regionally, where the wind is the strongest. However, this strategy depends on a strong
regional transmission system to deliver the wind energy. Without this regional transmission backbone, the
wind generation would have to be sited close to load, requiting lthe construction of significantly farger
amounts of wind capacity to produce the renewable energy mandated by public policy.
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Figure 8.11:-Local versus combination wind siting
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In the RGOS study, it was determined that 11 percent less wind would need to be built to meet renewable
energy mandates in a combination localfregional methedology relative to a local only approach. This
change in generation was applied to energy required by the renewable energy mandates, as well as the
total wind energy enabled by the recommended MVP portfolio. This resuited in a total of 2.9 GW of
avoided wind generation, as shown in Table 8.8

Pre-2016 12,408 13,802 1,394
2016 17,276 19,217 547
2021 - 21,173 23,552 438
2026 23,445 26,079 255
Full Wind Enabled 25,675 28,559 251

Table 8.8: Renewable Energy Requirements, Combination versus Local Approach

The incremental wind benefits were monetized by applying a value of $2.0 to $2.9 million/MW, based on
the US Energy Information Administration’s estimates of the capital costs to build onshore wind, as
updated in November 2010. The total wind enabled benefits were then spread between 2015 and 2030,
with half of the pre-2021 values lumped into 2021 for the purpose of this analysis. Also, to avoid
overslating the benefits of the combination wind siting, a transmission cost differential of approximately
$1.5 billion was subtracted from the overall wind turbine capital savings to represent the expected lower
transmission costs required by a local-only siting strategy.

The low cost wind siting methodoiogy enabled by the recommended MVP portfolio creates benefits
ranging from a present value of $1.4 to $2.5 billion in 2011 doilars, depending on which business case
assumptions are applied.
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8.6 Transmission investment

In addition to relieving constraints under shouider peak condilions, the recommended MVP portfolio will
eliminate some future baseline reliability upgrades. A meodel simulating 2031 summer peak load
conditions was created by growing the load in the 2021 summer peak model by approximately 8 GW, and
this model was run both with and without the recommended MVP portfolio. The investment avoided
through the addition of the recommended MVP portfolio into the transmission system, as determined
through this analysis, is shown below in Table 8.9.

Galesburg to East Galesburg 138 kV Bus Tie

Portage to Columbia 1 138 kV - Transmission line, < 345 kV 6
Portage to Columbia 2 138 kV Transmission ling, < 345 kV 6
Arrowhead to Bear Creek 230 kv Transmission line, <« 345 kV 1
Forbesioc 44 Line Tap 115kV . . Transmission line, < 345 kV 1
Stone Lake Transformer 345/161 kV Transformer N/A
Port Washington to Saukville Bus 6 138 kV Transmission line, < 345 kV 5
Port Washington to Saukville Bus 5 138 kV Transmission line, < 345 kV 5
ipava South to Macomb West 138 kV Transmission line, < 345kV | 21
Lafayette Cincinnati St. to Purdue 138 kV Transmission line, < 345 kV 1
Grace VT7 to Ortonville 115 kV Transmission line, < 3d5kV { 25
East Kewanee to Kewanee South Street 138 kV | Transmission line, < 345 kV 0
Cloverdale to Stilesville 138 kV Transmission line, < 345 kV 13
Wilmarth to Field South 345 kV Transmission line, 345 kV 29
Dundege Transformer 161/115 KV Transformer N/A
Stileville to WVC Valley 138 kV - Transmission line, < 345 kV 6
Latayelte South to Lafayetie Shadelénd 138 kV Transmission fine, < 345 kV 3
Purdue Nw Junction Tap 1 to Westwood 2 138kV | Transmission line, < 345 kV 3
Plainfield South to WVYC Valley 138 kV Transmission line, < 345 kV 5
Antige to Aurora Street 115 kV Transmission line, < 345 kV 2
Latham to Kickapoo 138 kV Transmission line, < 345 kV 5
Bunker Hili to Biack Brook 11‘_5 kV Transmission line, < 345 kV 8
Grace VT7 to Morris 115 kV Transmission line, < 345kV | 14

Table 8.9; Avoided transmission investment

The cost of this avoided investment was estimated using generic transmission costs, as estimated from
projects in the MTEP database. The costs of this transmission investment was estimated to be spread
between 2027 and 2031. Also, to represent potential production cost benefits that may be missed through
avoiding this investment, the value of avoiding the 345 kV transmission line was reduced by half.
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Bus Tie $1,000,000
Transformer $5,000,000
Transmission lines (per mile, for voltages under 345 kV)] $1,500,000
Transmission lines (per mile, for 345 kV) $2,500,000

Table 8.10: Generic transmission costs

The recommended MVP portfolio eliminates the need for baseline reliability upgrades on 23 lines
between 2026 and 2031. This creates benefits which have 20 and 40 year present values of $268 and
$1,058 million, respectively.
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3800
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@20 year Present Value, 8.2%
Discount Rate
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: 8.2% Discount Rate
i $400 w20 Year PresentValue, 3%
Discount Rate
5300 - =40 Yeat Present Value, 3%
Discount Rate
5200
3100 1
SO A

1.74% inflation . 2.91% Inflation

Figure 8.12: Avoided transmission investment

8.7 Business case variables and impacts

The recommended MVP portfolic provides significant benefits under every scenario studied. The base
business case was built upon a fixed set of energy policies, with variances in discount rates and time
horizons driving the range of benefits. However, additional variables also have the potential to impact the
benefits provided by the recommended MVP portfolio.

The most critical variables considered were:

s Fulure energy policies .
o Includes a range of policy, demand and energy growth assumptions
o Sensitivities were conducted to determine the impact of a legislated cost of carbon or
naticnal renewable energy mandate
» Length of Present Value Calculations: 20 or 40 years from the porifolio’s in service date
Discount Rate: 3 percent or 8.2 percent
Natural gas prices: $5-$8 (Business as Usual Scenarios)
$8-$10 {(Combination Policy and Carbon Constrained Futures)
e Wind turbine capital cost: 2.0 or 2.9 $M/MW .
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To calculate the impact of any particular variable on the benefits provided by the recommended MVP portfolio, a series of analyses were
performed. These analyses required changing a single variable, then comparing the resulting benefits and costs to a nominal case, which was
defined as a 20 year present-value under an 8.2% discount rate. The maximum benefit-cost ratio was determined to be under a 40 year present
value, using a 3% discount rate, high natural gas prices, and under the Combination Energy Policy future. The minimum benefit-cost ratio was
calculated under a 20-year present value, using an 8.2% discount rate and assuming current economic policies continue under a continued
economic recession.

Congestion and| .

Fuel Savings [$16,747 [$16,747 |$16,747 |$25,846 |$22.421 [$14,740 $37,710 $21,534 |$118,011  |$14,740
Operating

Reserves $40 $40 $40 $59 $50 $40 $40 $40 $116 $33

Transmission

Line Losses $1,461 51,461 $1,461 $3.408 $1,680 8272 $699 $1,461 51,111 $272

System

Planning

Reserve Margin{$340 $340 $340 3262 $388 51,216 $1,293 $340 $2,961 $1,216
Wind  Turbine

Investment $2.635 1$1,936 $3,334 $2,194 $2,635 [|$2,635 $2,635 $2,835 $2,778 $1,936
Future

Transmission

Investment $295 $ 295 $295 $537 $408 $295 $ 205 $ 205 $1.058 $268
To 6,30 26
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Table 8.11: Recommended MVP portfolio benefits sensitivities
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Depending on which variables are assumed, the present value of the benefits created by the entire
portfolio can vary belween $18.5 and $126.0 billion in 20 o 40 year present value terms. This savings
yield benefits ranging from 1.8 fo 5.8 times the portfolio cost,

w Conservative Assumptions = Broader Assumptions

All variables

Future Policy Scenatrio

|

Natural Gas Prices

| e
{Business Case Varlable  [B/CRatlo |B/C Ratio
Present Value Timespan 1. {Nominal B/C 19
' ‘ .- { Al variables 1.8 5.8
. ' : . l | Future Policy Scenario 18 3.6
.
Discount Rate e 1.9.2.1 [Natural Gas Prices 19 24
i {Present Value Timespan 1.9 2.2
, l | Discount Rate 1.9 2.3
2 [ - -
Wind Turbine Capital Cost |- 1.9:2.0 {Wind Turbine Capital Cost 1.9 24
25}
! l | | |
- 1.00 2.00 3.00 4.00 5.00 6.00

Figure 8.13: Benefit — cost variations due to business case assumptions

It should be noted that the benefits of the portfolioc do not depend upon the implementation of any
particuiar future energy policy to exceed the portfolio costs. Under existing energy policies, a conservative
discount rate of 8.2 percent and 20 year present value terms, the portfolio produces benefits that are 1.8
times its cost. However, if other energy policies or enacted, or a lower discount rate is used, this benefit
has the potential to greatly increase. -
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9 Qualitative and social benefits

The previous sections demonsirated that the recommended MVP portfolio provides widespread economic
benefits across the MISO system. However, these metrics do not fully quantify the benefits of the
portfolio. Other benefits, based on gqualitative or social values, are discussed in the next section. These
sections suggest that the quantified values from the economic analysis may be conservalive because
they do not account for the full potential benefits of the portfolio.

9.1 Enhanced generation policy fiexibility

Although the recommended MVP portfolio was primarily evaluated on its ability to reliably deliver energy
required by the renewable energy mandates, the portfolio will provide value under a variety of different
generation policies. The energy zones, which were a key input into the MVP portfolio analysis, were
created to support muitiple generation. fuel types. For example, the correlation of the energy zones to the
existing transmission lines and natural gas pipelines were a major factor constdered in the design of the
zones as shown in Figure 9.1.

Figure 9.1: Energy zone correlation with natural gas pipelines
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9.2 Increased system robustness

A transmission system blackout, or similar event, can have wide spread repercussions, resulting in
biliions of dollars of damage. The blackout of the Eastern and Midwestern U.S. during August 2003
affectezc; more than 50 million people and had an estimated economic impact of between $4 and $10
billion.

The recommended MVP portfolio creates a more robust regional transmission system which decreases
the likelihood of future blackouts by:

s Strengthening the overall transmission system by decreasing the impacts of transmission
outages.

* Increasing access to additional generation under contingent events.

*  Enabling additional transfers of energy across the system during severe conditions.

FUNE Projects
FMVP Projcis
Existing Transmilsslon and Plansed G Ry
=o- Eadsten Tranmeission 3450V

LMP (£}
B om.

100

w

e

2

5t

k]

0

L)

RERC20EEm

Figure 8.2: June 2011 LMP map with recommended MVP portfolio overlay

For example, the recommended MVP porlfolio will allow the system to respond more efficiently during
high load periods. During the week of July 17, 2011, high load conditions existed in the eastern portion of
the MISO footprint, while the western portion of the footprint experienced lower temperatures and loads.
Thermal limitations on west to east transfers across the system limited the ability of low cost generation
from the west to serve the high load needs in the east, as shown in Figure 9.2. The recommended MVP
portfolio will increase the transfer capability across the system, allowing access to addilional generation
resources to offset the impact and cost of severe or emergency conditions.

¥ Data sourced from: The Economic impacts of the August 2003 Blackout, The Electricity Consumers Resource Council (ELCON)
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9.3 Decreased natural gas risk

U.S. Natural Gas Electric Power Price
(Dollars per Thousand Cubic Feet)
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Figure 9.3: Historic U.S. natural gas electric power prices

Natural gas prices vary widely, causing corresponding fluctuations in the cost of energy from naturai gas.
Also, recent Environmental Protection Agency (EPA) regulations and proposed regulations limiting the
emissions permissible from power planis will likely lead to more natural gas generation. This may cause
the cost of natural gas to increase as demand increases. The recommended MVP porifolio can partially
offset the natural gas price risk by providing additional access to generation that uses fuels other than
natural gas (e.g. nuclear, wind, solar and coal) during periods with high natural gas prices. Assuming a
natural gas price increase of 25 percent to 60 percent, the recommended MVP portfolio provides
approximately a 5 to 40 percent higher adjusted production cost benefits.

9.3.1 Sensitivity Assumptions

A set of sensitivity analyses were performed in PROMOD to quantify the impact of changes in natural gas
prices. The sensitivity cases maintained the same production cost modeling assumptions from the base
business case analyses, except for the gas prices. The gas prices were increased from $5 to $8/MMBtu
under the Business as Usual policy scenarios, and they were increased from $8 to $10/MMBtu under the
Carbon Constrained and Combined Energy Policy scenarios. For each future scenario, the gas prices
were increased starting in year 2011 and escalated by inflation thereafter.
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9.3.2 Production cost benefit impact

The system production cost is driven by many variables, including fuel prices, carbon emission
regulations, variable operations, management costs and renewable energy mandates. The increase in
natural gas prices imposed additional fuel costs on the system, which in turn produced greater production
cost benefits due to the inclusion of the recommended MVP portfolio. These increased benefits were
driven by the efficient usage of renewable and low cost generation resources, as shown in

20 year NPV Adjusted Production Cost Savings by Future
(2011$ in Millons)
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Figure 9.4.
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Figure 9.4;: Recommended MVP Portfolio Adjusted Production Cost savings by future
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9.3.3 Market price impact

The increase in market prices, or Locational Marginal Pricing {LMPs), was also calculated through the
PROMOD sensitivities. The LMP is driven by the characteristics of the generation fleet and congestion
on the system. With a $2-§3 increase in natural gas prices, the generation weighted average LMP
increased by an average value of $7/MWh under a range of policy scenarios.

Annual Generation Weighted LMP with Proposed MVP Porifolio
(2011 $/MWh)
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" Figure 9.5: Annual generation weighted LMP with recommended MVP portfolio
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9.4 Decreased wind generation volatility

As the geographical distance betwsen wind generation increases, the correlation in the wind output
decreases. This leads to a higher average output from wind for a geographically diverse set of wind
plants, relative to a closely clustered group of wind plants. The recommended MVP portfoiio will increase
the geographic dwersnty of wind resources that can be delivered, increasing the average wind output
avaitable at any given time.

Wind Output Correlation vs, Distance Between Wind Sites
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Figure 9.6: Wind Output correlation to distance between wind sites
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9.5 Local investment and job creation

In addition to the direct benetits of the recommended MVP porifolio, studies have shown the indirect
economic benefits of fransmission investiment. They estimated that, for each million dollars of

transmission investment;

¢ Between $0.2 and $2.9 miflion of local investment is created.
+ Between 2 and 18 employment years are created.”®

The wide variations in these numbers are primarily due to the extent to which materials, equipment and
workers can be sourced from a ‘local' region. For example, each million dollars of local investment
supports 11 to 14 employment years of local employment, as compared to 2 1o 18 employment years
which are created for non-location specific ransmission investment.

Annual Job Creation
Due to Proposed MVP Portfolio Construction
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Figure 9.7: Annual Job Creation by Recommended MVP Portfolio

The recommended MVP portfolio supports the creation of between 17,000 and 38,800 local jobs, as well
as $1.1 to $9.2 billion in focal investment. This calculation is based upon a creation of $0.3 to $1.9 million
jocal investment and 3 to 7 employment years per million of transmission investment. It also assumes
that the capital investment for each MVP oceurred equally over the 3 years prior to the project’s in-service

date.

% Source: Employment and Economic Benefits of Transmission Infrastructure Investment in the U.S. and Canada, The Brallle
Group
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9.6 Carbon reduction

With the recommended MVP portfolio delivering significant amounts of wind energy across MISO and the
neighboring regions, carbon emissions were reduced because of the more efficient usage of the
generation fleet with conventional generation resources displaced by wind. Figure 9.8 summarizes ihe
carbon emission reductions in miilion tons for each scenario with a range of 8.3 to 17.8 million tons
annually.
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Figure 9.8: Carbon reduction by scenario
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For the Combined Energy Policy and Carbon Constrained future scenarios, a $50/ton carbon cost was
included to meet aggressive carbon reduction targets, as required by the proposed Waxman-Markey
tegislation. If policies were enacted that mandate a financial cost of carbon, the benefits provided by the
recommended MVP portfolic would increase by between $3.8 and $15.4 billion in 20 and 40 year present
value terms respectively, as depicted in Figure 9.9.

Potential Carbon Benefit
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Figure 9.9: Potential carbon benefits
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10 Proposed Multi Value Project Portfolio Overview
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Figure 10.1: 2011 recommended MVP portfolio

The recommended MVP portfolio consists of 17 projects spread across the MISO footprini. These
projects work together with the existing transmission network to enhance the reliability of the system,
support public policy goals and enable a more efficient dispatch of market resources. Table 10.1
describes the projects that make up the recommended MVP portfolio.
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Big Stone--Brookings SD 345 201
2 Brookings, SD—-SE Twin Cities MN/SD 345 2015 $695
o | T o S | w5 | o | s
4 | Winco-Lime Creek—Emery-Black Hawk—Hazleton 1A 345 2015 5480
5 N. LaCrosse—N. Madison-Cardinal & Dubugue wi

Co.—Spring Green-Cardinal 345 2018/2020 S714
6 Ellendale-Big Stone ND/SD 345 2019 $261
7 Adair-Ottumwa IAMO 345 2017 5149
8 Adair-Palmyra Tap MO/IL 345 2018 $98
9 Paimyra Tap—Ouin?y—Merdosia—ipava & IL 345 2016/2017 4392
Meredosia—Pawnee
10 Pawnee-Pana iL 345 2018 588
i1 Pana-Mt. Zion-Kansas—Sugar Creek IYIN 345 2018/2019 $284
12 Reynolds—Burr Oak—-Hip[e iN 345 2019 $271
13 Michigan Thumb Loop expansion Ml 345 2015 $510
14 Reynolds—Greentown IN 765 2018 $245
15 Pleasant Prairie—Zion Energy Center WIIL 345 2014 $26
16 Fargo—Galesburg-Oak Grove IL 345 2018 $193
17 Stdney—Rising - iL 345 2016 576
Total $5,180

Table 10.1: Recommended MVP portfolio

 Costs shown are inclusive of transmission underbuild upgrades and upgrades driven by shori circuil requirements.
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10.1 Underbuild reQuirements

To ensure that the recommended MVP portfolio works well with the existing system to maintain reliabiiity,
MISCO conducted analyses to determine any constraints that are present with the recommended MVP
portfolic and not present without the portfolio. Any new constraints were identified for mitigations, and the
appropriate mitigation was determined in coordination with the impacted Transmission Owners,

Below is a full list of the underbuild upgrades. These upgrades were identified through the steady state
reliability analyses, using both off peak and peak models. No additional upgrades were idenlified through
the stability analyses. Overall, approximately $70 million of transmission investment is associated with the
underbuild upgrades.

“Burr Oak to East Winamac 138 kV line uprate
Lake Marian 115/69 kV transformer replacemenit

Arlington to Green Isle 69 KV line uprate

Columbus 69 kV transformer replacement

Casey to Kansas 345 kV line uprate
Lake Marian to NW Market Tap 69 kV line uprate
Franklin 115/69 kV transformer replacements
Castle Rock to ACEC Quincy 69 kV line uprate
Kokomg Delco to Maple 138 kV line uprate
Wabash to Wabash Coentainer 69 kV line uprate
Spring Green 138/69 kV transformer replacement
Davenport to Sub 85 161 kV line uprate
West Middleton West Towne 69 kV line uprate
Ottumwa Montezuma 345 kV line uprate
Table 10.2: Recommended MVP portfolio underbuild reguirements

* Burr Oak to East Winamac upgrade also identified as part of the Meadow Lake wind farm upgrades.
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10.2 Portfolio benefits and cost spread

A key principie of the MISO planning process is that the benefils from a given transmission project must
be spread commensurate with its costs. The MVP cost allocation methodology distributes the costs of the
portfolio on a load ratio share across the MISO footprint, so the recommended MVP portfolio must be
shown to deliver a simitar spread of benefits.

Each economic business case metri¢ calculated for the full recommended MVP portfolio was analyzed to
determine how it would accrue to stakeholders across the footprint. These resulls were then roiled up to
a zonal level, based on the proposed Local Resource Zones for Resource Adequacy. This level of detail
was chosen to provide stakeholders with an understanding of the benefits spread, without getting into a
detail level which may be falsely precise due to the impact of individual stakeholder actions on actual
benefit spreads.

The allocation of each of the economic metrics is discussed in more detail below.

10.2.1 Gongestion and Fuel Savings

The Production Cost model simulations return results at a granular, generator-specific level. These
results were then rolled up from this detailed level to a zonal level.

10.2.2 Operating Reserve Benefits

The costs of Operating Reserves were allocated across the footprint on a load-ratic share basis. This
distribution maiches the allocation of these costs through the MISO Energy and Ancillary Service
markets. As such, although certain areas in the footprint may see reductions in the Operating Reserves
they must hold within their area, the benefits of the more economic dispatch of these resources will be
shared by the full MISO footprint.

10.2.3 System Planning Reserve Margin Benefits

The benefits accruing from the reduction in the system Planning Reserve Margin {PRM} were distributed
across the footprint on a load-ratio share basis. This aliocation was selected due to the widespread
nature of the system PRM; the reduced planning margin will apply to all load in the MISO system,
reducing the capacity needs for the full system.

10.2.4 Transmission Line Loss Benefiis

The benefits accruing from the reduction in transmission line losses were allocated across the footprint on
a load-ratio share basis. This approach reflects the integrated nature of the transmission system, as the
market allows generation to be transported large distances to remote load. This integrated nature is
enhanced by the inclusion of the recommended MVP portfolio into the transmission system, as
congestion is reduced, and transfer capacity is increased, across the system.
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10.2.5 Wind Turbine Investment

The benefits of reducing the required investment in wind turbines are not applicable for areas that do not have either renewable energy mandates
or goals that can be sourced from outside the area. This benefit is also enhanced for areas with lower wind capacity factors, as the differential in
wind turbine investment is substantially higher for these areas than for those with, on average, higher wind speeds. As a result, this benefit was
allocated to the zones through a weighted average of the renewable energy mandates or needs that can be sourced outside of the zone, along
with the relative wind capacity factors, when compared to the system’s highest wind speed area.

1 38% 5% 28% 108,371 29,927 1,446 19%
2 28% 16% 10% 80,267 8,027 1,260 16%
3 38% 8% N/A 3,000 55,648 9,338 716 9%

4 28% 16% 18% 60,063 11.087 1,730 22%
5 33% 10% 14% 55,485 7,788 809 10%
6 29% 14% 9% 143,528 13,013 1,833 24%
7 28% 15% 0% 119,017 - - 0%

Table 10.3: Wind Turbine Investment Allocation'31

31 All values shown in the table exclizde in-state renewable energy goals or mandates.
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10.2.6 Future Transmission Investment

Higher voltage Baseline Reliability Projects (BRPs), under Attachment FF of the MISO Tariff, are
allocated as a mixture of system wide costs and local costs. More specifically, 20% of the costs of the
transmission upgrades are allocated across the system, and 80% of the project costs are allocated to
affected pricing zones.

The benefits accruing from the ability of the recommended MVP portfolio to avoid future Baseline
Reliability Project investment was allocated using this methodology.

10.2.7 Costs Distribution

The costs of the portfolio were allocated across the footprint on a load-ratio share basis, as required by
the Muiti Value Project cost allccation methodology. Additional information on the distribution of the costs
of the Multi Value Project portfolio may be found in the following section, section 10.3.

10.2.8 Zonal Benefit-Cost Ratio

MISO Local Resource Zones

Benefit/Cost Ratio Ranges

Local Resource Zones

20-3.3 18-32

1628 13-28 1.8

18-29 1.7-30

Zone1: Zone2: Zoned: Zoned: Zoneb: Zone§: Zone?:
MM, MAT, EasternWi 1A I Mo 1N, KY, OH Lowerhil
MO, 3D, andUpper

Western 'l i

O S ——

Figure 10.2: Recommended MVP porifolio production cost benefits spread

The recommended MVP portfolio provides benefits across the MISO footprint in a manner that is roughly
equivalent to its costs allocation. For each of the local resource zones, as shown in Figure 10.2, the
portfolio’s benefits are at least 1.6 to 2.9 times the cost allocated to the zone.
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10.3 Cost allocation

Multi Vaiue Projects represent a new project type efigible for cost sharing effective since July 16, 2010,
and conditionatly accepted by the Federal Energy Regulatory Commission on December 16, 2010. Multi
Value Projects provide numerous benefits, including, improved
refiability, reduced congestion costs, and meeting public policy
objectives.

The proposed Muitl Value Project portfolio described in this
report includes the Michigan Thumb Loop project, approved in
August 2010; the Brookings to Minneapolis-St. Paui project,
conditionally approved in June 2011; and 15 additional
projects being proposed to the MISQO Board of Directors for
approval in December 2011. The cost of the recommended
MVP portfolio in 2011 dollars is $5.2 billion, including the $1.2
billion in projects that have previously been approved or
conditionally approved by the MISO Board of Directors. See
Table 10.1 for individual project costs.

The costs of Multi Value Projects will have a uniform 100
percent regional allocation based on withdrawals and will be recovered from customers through a monthly
energy usage charge. This charge will apply to all MISO load, excluding load under Grandfathered
Agreements, and also to export and whee!-through transactions not sinking in PJM.

Figure 10.3 shows a 40-year projection of indicative annual MVP Usage Rates based on the
recommended MVP portfolio using current year cost estimates and estimated in-service dates. Additional
detail on the indicative MVP Usage Rate, including indicative annual MVP charges by Local Balancing
Authority, is included in Appendix A-3 of the MTEP11 report.
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Figure 10.3: Indicative MVP usage rate for recommended MVP portfolio from 2012 to 2051
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11 Conclusions and recommendations

MISO staff recommends the recommended MVP portfolio to the MISO Board of Directors for their review
and approval. This recommendation is premised on the ability of the portfolio to meet MVP criterion 1, as
each project in the portfolioc was shown to more reliably enable the delivery of wind generation in support
of the renewable energy mandates of the MISO states in a cost effective manner.

The recommendation is also supported by the strong economic benefits of the portfolio, which delivers a
large amount of value in excess of costs under all conditions and policy scenarios studied. Furthermore,
these benefits are spread across the MISQ footprint, in a manner commensurate with the allocation of the
portfolio’s costs.
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Multi Value Project Analysis Report Executive Summary

1 Executive Summary

MISO staff recommends that the Muiti Value Project (MVP) portfolio described in this report be approved
by the MISO Boeard of Directors for inclusion into Appendix A of MTEP11. This recommendation is based
on the strong reliabilily, public policy and economic benefits of the portfolio that are distributed across the
MISO footprint in a manner that is commensurale with the portfolio’s costs. In short, the proposed
portfclio will:

Provide benefits in excess of its costs under all scenarios studied, with its benefit to cost ratio
ranging from 1.8 to 3.0,

Maintain system reliability by resolving reliability violations on approximately 650 elements for
more than 8,700 system conditions and mitigating 31 system instability conditions.

Enable 41 million MWh of wind energy per year to meet renewable energy mandates and goals.
Provide an average annual value of $1,279 million over the first 40 years of service, at an
average annual revenue requirement of $624 million.

Support a variety of generation policies by using a set of energy zones which support wind,
natural gas and other fuel sources.

This report summarizes the key reliability, public policy and economic benefits of the recommended MVFP
porifolio, as well as the scope of the analyses used to determine these benefits.

Mt Ve Projoets (VP Stttz Vollaze

B Sone-Hrockings
2 Btrjr-gs, 5D -5ETwin Cas
P .

Existing/Planned Trans-rission

- DCUme
RGOS Zone

MRV
600 kY
T 735 KkV and Above

MISO - using Ventyx, Veloc

{./? N ,.J( Ir——*m

Figure 1.1: MVP portfolio’

P MVP line routing shown throughout the report is for ilustrative purposes only and do not represent the final line routes.
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The recommended MVP portfolio includes the Brookings Project, conditionally approved in June 2011,
and the Michigan Thumb Loop project, approved in August 2010, [t also includes 15 additional projacts
which, when integrated into the transmission system, provide multiple kinds of benefits under all future
scenarios studied®.

1 Big tone—~Broongs | 35 | 01 7 i $191
2 Brookings, SD-SE Twin Cities MN/SD 345 2015 $695
o | T et S ent [uin | w5 | e | oo
4 | Winco-Lime Creek—Emery—Black Hawk—Hazleton 1A 345 2015 $480
5 | N LaCrosse—_l\;pl\rf:iglséor:;ﬁfg;?jilnilDubuque Co. Wi 345 0018/2020 $714
6 Ellendale-Big Stone ND/SD 345 2019 5261
7 Adair—Ottumwa IAMO 345 2017 §152
8 Adair—Palmyra Tap MO/IL 345 2018 $98
9 Palmyra Tap-—Quinc_:y—Merdosia—ipava & IL 345 2016/2017 4392
Meredosia—Pawnee -
10 Pawnee-Pana fL 345 2018 588
11 Pana-Mt, Zion—-Kansas—Sugar Creek IY/IN 345 2018/2019 $284
12 Reynolds—Burr Oak—Hiple IN 345 2019 5271
13 Michigan Thumb Loop Expansion Ml 345 2015 $510
14 Reynolds—Greentown IN 765 2018 5245
15 Pleasant Prairie~Zion Energy Center WI/IL 345 2014 $26
16 Fargo-Galesburg-Oak Grove i 345 2018 $193
17 Sidney-Rising IL 345 2016 $90
Total $5,197

Table 1.1: MVP portfolio®

® More information on these scenarics may be found in the business case description.
? Costs shown are inclusive of transmission underbuild upgrades and upgrades driven by short circuit requirements.

* In-service dates represent the best information available at the time of publication. These dates may shift as the projects progress
through the state regulatory processes.
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Public policy decisions over the last decade have driven changes in how the transmission system is
planned. The recent adoption of Renewable Portfolio Standards (RPS) and clean energy goals across the
MISCO footprint have driven the need for a more regional and robust transmission system fo deliver
renewable resources from often remote renewable energy generators o load centers.

e Y [ Yellow~ State with RFS Mandate or Goal
o e ith No RPS Mandate or Goal
ND _ “MN :
MT T Xeel: 30% by 2020
10%by 2016 lothers: 26% by 2026
15% by 2018 15 |others: 25% by 202
“ep o

o A0%by2016 < 10%by 2016°

A05-3000MW )
oL
25% by 2025

0% by 2015

“10%by | 12.6% by 2024
2026 -

MO\
15%by 2021

MISO Planned and Exlstmg Wind: 12,408 Mw' '
MISO RPS Mandates ~23, 500 MW

Figure 1.2: Renewabie energy mandates and clean energy goals within the MISO footprint®,’

Beginning with the MTEPG3 Exploratory Studies, MISO and stakehoiders began to explore how to best
provide a value added regional planning process to comp!ement the Iocal planning of MISO members.
These explorations continued in later MTEP cycles and in
specific targeted studies. in 2008, MISO, with the assistance of
state regulators and industry stakeholders such as the
Midwest Governor's Association {MGA), the Upper Midwest
Transmission Development [nitiative (UMTDI) and the
Organization of MISO States {OMS), began the Regional
Generation Qutlet Study (RGOS) to identify a set of value
based transmission projects necessary to enable Load Serving
Entities (LSESs) to meet their RPS mandates.

The goal of the RGOS analysis was to desigh transmission
poitfolios that would enable RPS mandates to be met at the
lowest delivered wholesale energy cost. The cost calculation
combined the expenses of the new transmission porlfclios with
the capita! costs of the new renewable generation, balancing

® Existing and planned wind as included in the MVP Portfolio analyses. State RPS mandates and goals include all policies signed
m!o law by June 1, 2011.

® The higher number for lowa's state RPS mandates and goals reflects the wind online rather than a statutory requirement.
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the trade offs of a lower transmission investment to deliver wind
from low wind availability areas, typically closer to large load
centers; against a larger transmission investment to deliver wind
from higher wind availability areas, typically located further from load
centers.

While much consideration was given to wind capacity factors when
developing the energy zones utilized in the RGOS and MVP portfolio
analyses, the zones were chosen with consideration of more factors
than wind capacity. Existing infrastructure, such as transmission and
natural gas pipelines, also influenced the selection of the zones. As
such, although the energy zones were created to serve the
renewable generation mandates, they could be used for a variety of different generation types, to serve
various future generation policies. Figure 1.3 depicls the correlation between the natural gas pipelines in
the MISO foolprint and the energy zones.

o1 Lok

Figure 1.3: RGOS and MVP Analyses Incremental Energy Zones and natural gas pipelines
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Common elements between the RGOS results and previous reliabilily, economic and generation
interconnection analyses were identified to create the 2011 candidate MVP portfolio. This portfolio
represented a set of "no regrets” projects which were believed toc provide multiple Kinds of reliability and
economic benefits under all aiternate futures studied.

The 2011 MVP porifolio analysis hypothesized that this set
of candidate projects will create a high value transmission
portfolio, enabling MISO states to meet their near term RPS
mandates. The study evaluated the candidate MVP portfolio
against the MVP cost allocation criteria to prove or disprove
this hypothesis, as well as to confirm that the benefits of the
portfolic would be widsly distributed across the footprint.
The output from the study, a recommendad MVP porifolio,
will reduce the wholesale cost of energy delivery for the
consumer by enabling the delivery of low cost generation to
load, reducing congestion costs and increasing system
refiability, regardless of the future generation mix.

Over the course of the MVP portfolio analysis, the candidate
MVP portfolio was refined into the portfolio that is now
recommended to the MISO Board of Directors for approval. The portfolio was refined to ensure that the
portfolic as a group and each project contained within it was justified under the MVP criteria, discussed
below, and to ensure that the portfolio benefit to cost ratio was optimized.

Proposed MYP Transmissica

== 345kVP roposed
EEEEE= TSk P Iopased

Candidate MVP Transmission

——— — [ T

RGOS Zone
[ e

MISO - using Ventyx, Velocity Suite © 2011

Figure 1.4: Candidate versus Recommended MVP Pottfolios
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The recommended MVP portfolio will enable the delivery of the renewable energy required by public
policy mandates, in a manner more reliable and economic than it would be wilhout the associated
transmission upgrades. Specifically, the portfolio mitigates
approximately 650 reliability constraints under 6,700 different
transmission outage conditions, for steady state and transient
conditions under both peak and shoulder load scenarios. Some of
these conditions could be severe enough to cause cascading
outages on the system. By mitigaling these constraints,
approximately 41 million MWh per year of renewable generation
can be delivered to serve the MISO state renewable portfolio
mandates.

Under all future policy scenarios studied, the recommended MVP
portfolio delivers widespread regional benefits to the transmission system. For example, based on
scenarios that did not consider new energy policies, the benefits of the proposed porifolio were shown to
range from 1.8 to 3.0 times its total cost. These benefits are spread across the system, in a manner
commensurate with their costs, as demonstrated in Figure 1.5.

MISO Local Resource Zones

LocalResource Zones

20-33 S
16-28 1.8-2.8 18.3.2

16-29

Zonel: Zone2: Zoned:  Zoned:  Zoneh  Zoned:  ZoneT:
MMH.MT, EasternWi 1A iL KO IN,KY, OH Lowertdl
MD, 20, andUpper ) -
Western'M I )f lad
L s ] 1 ol

Figure 1.5: Recommended MVP portfolio benefits spread

Taking into account the significant economic value created by the porifolic, the distribution of these value,
and the ability of the portfolio to meet MVP criterion 1 through its reliability and public policy benefits,
MISO stafl recommended the 2011 MVP portfolio to the MISO Board of Directors for their review and
approval.
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2 MISO Planning Approach

The goal of the MISO planning process is to develop a comprehensive expansion plan that reflects a fully
integrated view of project value inclusive of refability, market efficiency, public policy and other value
drivers across all planning horizons. This process is guided by a set of principles established by the MISO
Board of Directors, adopted on August 18, 2005. The principles were created in an effort to improve and
guide transmission investment in the region and to furnish an element of strategic direction to the MiSO
transmission planning process. These principles, modified and approved by the MISO Board of Directors
System Pianning Committes on May 16, 2011, are:

» Guiding Principle 1: Make the benefits of an economically efficient energy market available to
customers by providing access to the lowest eleclric energy costs.

¢ Guiding Principle 2: Provide a transmission infrastructure that safeguards local and regional
reliabilily and supports interconnection-wide reliability.

+ Guiding Principle 3: Support state and federal energy policy objectives by planning for access io
a changing resource mix.

+ Guiding Principle 4: Provide an appropriate cost mechanism that ensures the realization of
benefits over time is commensurate with the aflocation of costs.

* Guiding Principie 5: Develop transmission system scenario modeis and make them available to
stale and federal energy policy makers to provide context and inform the choices they face.

A number of conditions must be met to build longer term transmission able to support future generation
growth and accommodate new energy policies. These conditions are intertwined with the planning
principles put forth by the MISO Board of Directors and supported by an integrated, inclusive transmission
planning approach. The conditions that must be met to build transmission include:

¢ A robust business case that demonstrates value sufficient to support the construction of the
transmission project.

* Increased consensus on current and future energy policies.

¢ A regional tariff that matches who benefits with who pays over time.

* Cost recovery mechanisms that reduce financial risk.
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3 Multi Value Project portfolio drivers

The 2011 MVP portfolio analysis was based on the need to economically and reliably help states mest
their public policy needs. The study identified a regional transmission portfolio that will enable the MISO
Load Serving Entities (LSEs) to mest their Renewable Portfolio Standards (RPS). The analyses and their
results describe a robust business case for the portfolio. This business case demonstrates that not only
will the recommended MVP portfolio refiably enable Renewable Portfolio Standards to be met, but it will
do so0 in a manner where its economic benefits exceed its costs.

While the sludy focused upon the RPS requirements, the transmission portfolio will ultimately have
widespread benefits beyond the delivery of wind and other renewable energy. It will enhance system
reliability and efficiency under a variety of different generation build outs. It will also open markets o
competition, reducing congestion and spreading the benefits of low cost generation across the MISO
footprint. The MVP portiolio analysis focused on identifying and increasing the benefils of the
transmission portfolio, including the reliability, economic and public policy drivers.

3.1 Tariff requirements

The MVP portfolio analysis and the recommendation were premised on the MVP criteria described in
Attachment FF of the MISO Tariff and shown below.

Criterion 1

A Muiti Value Project must be developed through the fransmission expansion planning
process o enable the {ransmission system to deliver energy reliably and economically in
support of documented energy policy mandates or laws enacted or adopted through state
or federal legislation or regulatory requirement. These laws must direcily or indirectly
govern the minimum or maximum amount of energy that can be generated. The MVP
must be shown to enable the fransmission system to deliver such energy in a manner
that is more reliable and/or more economic than it otherwise would be without the
transmission upgrade.

Criterion 2

A Muiti Value Project must provide multiple types of economic value across mulfipte
pricing zones with a Total MVP benefit to cost ratio of 1.0 or higher, where the total MVP
benefit to cost ratio is described in Section 11.C.7 of Attachment FF to the MISO Tariff.
The reduction of production costs and the associated reduction of LMPs from a
transmission congestion relief project are not additive and are considered a single type of
economic value.

Criterion 3

A Multi Value Project must address at least one transmission issue associated with a
projected violation of a NERC or Regional Entity standard and at least one economic
based transmission issue that provides economic value across multiple pricing zones.
The project must generate totai financially quantifiable benefits, including quantifiable
reliability benefits, in excess of the total project costs based on the definition of financial
benefits and Project Costs provided in Section [I.C.7 of Attachment FF.

The MVP cost allocation criteria requires evaluation of the portfolio on a reliability, economic and energy
delivery basis. The scope of the analysis was designed to demonstrate this value, both on a project and
portfolio basis. The projects in the MVP poitfolio were evaluated against MVP criteria 1 and their abilily to
reliably enable the renewable energy mandates of the MISO states was guantified.

In addition, the Tariff identifies specific types of economic value which can be provided by Muiti Value
Projects. These values are:

t
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* Production cost savings where production costs include generator startup, hourly
generator no-load, generator energy and generator Operating Reserve costs. Production
cost savings can be realized through reductions in both transmission congestion and
transmission energy losses. Productions cost savings can also be realized through
reductions in Operating Reserve requirements within Reserve Zones and, in some cases,
reductions in overall Operating Reserve requirements for the Transmission Provider.

* Capacity losses savings where capacity losses represent the amount of capacity required
to serve transmission losses during the system peak hour including assoclated planning
reserve.

* Capacily savings due to reductions in the overall Planning Reserve Margins resulting
from transmission expansion.

s Long-term cost savings realized by Transmission Customers by accelerating a long-term
project start date in lieu of Implementing a short-term project in the interim and/or long-
term cost savings realized by Transmission Customers by deferring or eliminating the
need to perform one or more projects in the future.

* Any other financially quantifiable benefit to Transmission Customers resulting from an
enhancement fo the transmission system and related to the provisions of Transmission
Service.

The full proposed portfolio was evaluated against the benefits defined in the Tariff for MVPs. In addition to
the benefiis described above, the operating reserve and wind siting benefits for the portfolio wers
quantified, as allowed under the last Tariff defined economic value. These benefits are described more
fully in the economic benefit seclion later in the report.

3.2 Transmission strategy

A transmission strategy addressing both local needs and regional drivers allows the MISO system to
realize significant economic and reliability benefits. Regional transmission, such as the transmission in
the recommended MVP portfolio, increases reliability in the MISO footprint and opens the market to
increased competition by providing access to low cost generation, regardless of fuel type. Development of
a strong regional transmission backbone is analogous to the deveiopment of the U.S. Interstate Highway
System. While developed for specific national security justifications, the system has realized significant
additional benefits in subsequent years. Similarly, the recommended MVP porifolio will create reliability,
economic and public policy benefits reaching beyond the immediate needs exhibited in this analysis.

The overall goal for the MVP portfolic analysis was to design a transmission portfolio which takes
advantage of lhe linkages between focal and regional reliabilily and economic benefits to bring value to
the entire MISO system. The portfolic was designed using reliability and economic analyses, applying
several futures scenarios to determine the robustness of the designed portfolio under a number of future
potential energy policies.
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3.3 Public policy needs

Twelve of thirteen states in the MISO footprint have enacted either RPS requirements or renewable
energy goals which require or recommend varying amounts of load be served with energy from
renewable energy resources. The MVP portiolio analysis focused on the transmission necessary to
economically and reliably meet the state RPS mandates. Figure 3.1 provides additional details on these
renewable energy requirements and goais

-------- e Yellow ~State with RPS Mandate or Goal -~ |
o : White = State with No RPS Mandate or Goal -}
ND 4 MN o oo
MT ' .\ Xcel:30% by 2020
10% by 2016 Others: 26% by 2025 »
16% by 2015 R Ry
'40%by 2015 N

10% by 2016

10% by
£ 2026 -

‘26% by 2026 12.6% by 2024

toby2021 7

MISO Planned and Ex{sting WIm:i 12 408 MW
MISO RPS Mandates:~23,500 MW, .

Figure 3.1: RPS mandates and goals within the MISO footprint’

RPS mandates vary from state to state in their specific requirement details and implementaticn timing, but
they generally start in about 2010 and are indexed to increase with load growth. While state laws support
a number of different types of renewabie resources, and multiple ypes of renewable resources will play a
role in meeting staie RPS mandates, the majority of renewable energy resources installed in the
foreseeable future will likely focus on harnessing the abundant
wind resources throughout the MISO footprint.

3.4 Enhanced reliability and economic
drivers

The ultimate goal of the MISO planning process is enable the
reliable delivery of energy to load at the lowest possible cost.
This requires a strategy premised upon a low cost approach to
transmission and generation investment. This premise supporis
the overall constructability of the transmission portfofie, while
reducing financial risk associated with overbuilding the system.

7 The higher number for lowa’s state RPS mandates and goals reffects the wind online rather than a stalutory requirement.
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4 MVP Portfolio Development and Scope

The MVP portfolio was developed by considering regicnal system enhancements, from previous MISO
analyses, that could potentially provide multiple types of value, including enhanced reliability, reduced
congestion, increased market efficiency, reduced real power losses and the deferral of otherwise needed
capital investments in transmission.

This portfolio was also based upon a set of energy zones, developed to provide a low-cost approach to
wind siting when both generation and transmission capital costs are considered. Incremental wind
necessary 10 meet the 2021 or 2026 renewable mandates for MISO stakeholders was added fo these
zones, as described in the foilowing sections.

Finally, the MVP portfolio was intensively evaluated to ensure its composite projects, and the portfolio in
tolal, are justified under the MVP cost allocation criterion. This analysis included an evaluation of each
individual project justification against MVP criterion 1. I also included an evaluation of the full portfolio,
both on a reliability and economic basis.

4.1 Development of the MVP Portfolio

MISO began to investigate the transmission required to integrate wind and provide the best value to
consumers in 2002. The analyses continued through subsequent MTEP cycles, with exploratory and
energy market analyses. As the demand for renewable energy grew, driven largely by an increasing level
of renewable energy mandates or goals, additional regional studies were conducted to dstermine the
transmission necessary to support these policy objectives. These studies included the Joint and
Coordinated System Pian (JCSP), the Regional Generation Qutlet Studies (RGOS), and analyses by the
Organization of MISO States (OMS) Cost Allocation and Regional Planning (CARP) group.

Transmission first studied in

Wi Evpon Transmission Design
< MTEP03

MIERLS

et MATEP.06

WTEPO3

—= MTEP-10

Proposed CMVP Portfolio

saiiE Transmission Ling

Wt
|

MISO - using Ventyx, Velocity Suite © 2011
R —————— Y,

Figure 4.1: Summary of prior study input into recommended MVP portfolio
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As analyses continued, the policy and economic drivers behind a regionai transmission plan continued to
grow. This growth was parily fueled by the development of the MISO energy and operating reserve
market, which allows for regional transmission to provide regional benefits through increasing market
efficiency, enabling low cost generation to be delivered to load. Simuitaneously, an increase in state
energy policy mandates drove the nead for a robust regional transmission network, capable of responding
to legislated changes in generation requirements.

it is worth noting that, although individual projects were identified beginning in MTEP03, these projects
were not studied only in the year they were first identified. Subsequent MTEP analyses built on the
analyses of previous years and culminated in the final recommendation of the recommended MVP
portfolio.

4.1.1 MTEPOS high wind generation development scenario

In the first MISO Transmission Expansion Plan, MTEPO3, the MiSO evaluated at a high level the potential
economic benefits of large regional fransmission projects under various postulated generation
development scenarios. MTEP 03 evaluated a dozen such plans based on analysis of the base planned
transmission system, and its ability to accommodate substantial new additions of coal, wind and gas
generation based on the interconnection queues ai the time. The transmission and generafion scenario
analysis showed generally that there was significant potential for the right regional transmission to result
in substantial reductions in marginal energy costs, particufarly if that fransmission was coupled with
introduction of low cost coal and wind energy resources.

More specifically, MTEP03 included a high wind development scenario, which included approximately
8,600 to 10,000 MW of new wind development. This scenario was used to evaluate several transmission
scenarios on a conceptual level, including a set of high voltage lines in lowa, running from Lakefield to
Adams in southern Minnesota, then looping back to tap the line from Raun fo Lakefield line in lowa.

Exiating 345-785 KV m—mes
B0 KV oot s

345 KV
i

Figure 4.2: lowa transmission identified in MTEP03
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This fine was studied in subsequent MTEP cycles, and it eventually led to the identification and
incorporation of several lowa fines into the MVP portfolio. MTEPO03 also identified a potential upgrade of
the Sidney-Rising line, as a conceptual transmission project.

4.1.2 MTEPO5

MTEPOS continued the exploratory transmission analysis began in MTEPO3, with two studies which
focused in the area around the Dakotas and Northern Minnesota, along with the area around lowa and
Southern Minnesota. It was expected that high voltage transmission projects in these areas would provide
additional access to exisling base load generation, as well as future wind investment.

Figure 4.3: Northwest Transmission Option 2

The Northwest study identified the need for at least one, and potentially several, new transmission
corridors between the Dakotas and to the Twin Cities of Minnesota. These lines were further studied

through the MISO stakeholder CapX 2020 study effort, and they formed the basis of several lines
included in the recommended MVP portiolic.
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Figure 4.4: lowa-Minnesota Transmission Scenario 2
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The lowa-Minnesota study further reinforced the need for transmission through southern Minnesota and
lowa. Mt also identified the need for transmission extending from Minnesota to the Spring Green area in
Wiscaonsin, then from the Spring Green area southwest to the Bubugue area,

41.3 MTEPO6

in MTEPOS, the Vision Exploratory Study modeled scenario which included 20% wind energy for
Minnesota and 10% wind energy for the other MISO states, for a total of 16 GW. This hypothetical
generation scenario was used {o evaluate additional high voltage transmission needs. Aithough this study
focused on a 765 kV solution, it determined that transmission would be needed along many of the
corridors identified in prior siudies. Additionally, it identified that a transmission path would be required
across south-central llinais to efficiently deliver wind energy 1o load.

Temate_
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Figure 4.5: Proposed Vision Lines
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4.1.4 Regional Generation Qutlet Study (RGOS)

Beginning in MTEP0S, MISO began the Regional Generation Qutlet Study (RGOS). This study was
intended, at a high level, to identify the transmission required to support the renewable mandates and
goals of the MISO states, while minimizing the cost of energy delivered to the consumers. The study was
conducted in two phases: Phase | focused on the western portion of the footprint, while Phase Ii focused
on the full footprint.

(] NCOB Zomas 111769 ]
— RGOS _MSO_Sterlars

. R308_MESQ_Storlos
: ‘o By Vel

}
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I B oy .
. Y L b ; 3 Pov - T
L - ot e - AT T FR B B T

Figure 4.6: Regional Generator Qutiet Study Input into MVP Portfolio

At the conclusion of the RGOS analyses, a set of three alternative expansion portfolios were identified.
These portfolios, designed to meet the renewable energy mandates and goals of the full load for all the
states in the MISO footprint, ranged in cost from $16 to $22 billion. They included transmission identified
through the previous MTEP analyses, as highlighted earlier. Common transmission projects or corridors
were identified between the three scenarios, and these projects formed transmission recommendations
for the initial candidate MVP porifolio.

15
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4.1.5 Candidate MVP Portfolio

The candidate MVP portiolio was created based on stakeholder feedback, as well as input from the
analyses described in section 4.1. The portfolio was designed to meet the renewable energy mandates of
all MISO load, and the projects in the portfolio were hypothesized to provide widespread benefits across
the footprint. The projects selected as candidates for possible inclusion in the broader portfolio were then
intensively evaluated in the MVP portfolio analysis to ensure they were justified and contributed to the
portfolio business case.
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Figure 4.7: Initial Candidate MVP porifolio

4.2 Wind siting strategy

Key assumptions of the MVP portfolic study revolved around the amount and location of wind energy
zones modeled within the study footprint. This energy zone development was based on stakeholder
surveys focusing on expected renewable energy needs over the next 20 years and how much of that
need is expected to be met with wind generation.

During the RGOS energy zone development, MISO staff evaluated multiple energy zone configurations to
meet renewable energy requirements. In this process, study participants identified capital costs
associated with generation capacity as well as capital costs associated with indicative transmission that
would help defiver the energy to the system. It was determined that the most expensive energy delivery
options were those oplions relying: 1) solely on the best regional wind source areas {with higher amounts

16
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of transmission needed) or 2) those options relying solely on the best local wind source areas (with higher
amounts of generation capitai required).

$1180%
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$10068
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SEA 6D
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Total Generation and Transmission Costs (SM)
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tocal Comblination (Local & Regional
Generation Regional] Generation Generatlon

Figure 4.8: Generation and Transmission Capacity, by Energy Zone Location

As a result of RGOS energy zone development efforts as well as interaction with regulatory bodiss such
as the Upper Midwest Transmission Development Initiative {UMTDI) and various state agencies within the
MISO, a set of energy zones was selected. These zones represent the intention of state governments to
source some renewable energy locally while also using the higher wind potential areas within the MISO
market footprint. Zone selection was based on a number of potential locations developed by MISO
utilizing mesescale wind data supplied by the National Renewable Energy Laboratory (NREL) of the US
Department of Energy. The analysis found wind zones disiributed across the region resulted in the best
method to meet renewable energy requirements at the least overall system cost.

Figure 4.9::Energy Zone Locations
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4.3 Incremental Generation Requirements

Once the location of the incremental wind generation was determined, through the low cost wind siting
approach described above, additional analyses were required to determine how much incremental
generation wili be required to meet the renewable energy mandates of the MISO stakeholders. These
analyses are based upon the 2009 retail sales for each area, as provided by the U.S. Energy Information
Administration, a growth rate of 1.125% annually, and the specifics of each state’s public policy
requirements. Details on each state’s public policy requirements may be found in Appendix A, while the
calculations used to determine the total energy requirements may be found in Appendix B.

- Ameren Hlinois 3,072,047 274,713
IL - Alternative Retail Energy Suppliers in Ameren Rlinois 2,018,516 3,046,465
MI - Total State of Michigan less AEP® 8,383,843 8,383,843
MN - Xcel Energy 10,535,661 11,141,777
MN - Total State of Minnesota less Xcel Energy 8,050,396 10,641,919
MO - Ameren Missouri 5,825,834 6,160,994
MO - Golumbia Water and Light 122,809 194,812
MT - Montana-Dakota Utilities 113,581 120,115
OH - Duke Ohio® 2,098,315 2,921,169
WI - Total State of Wisconsin 7,682,829 8,124,821

TOTAL 47,902,831 55,010,629

Table 4.1: State Renewable Energy Mandates

Incremental wind generation was added to the model to satisfy these mandated needs. The amount of
incremental generation for each zone was based on the capacity factor, the planned and proposed
generation, and existing wind with power purchase agreements to serve non-MISO load ascribed to each
zone. It was also based on a total wind buildout following the distributed, low-cost wind siling approach
described in section 4.2.

MN-L 0 0
1A-F 292 462 MO-A 356 356
IA-G 271 427 MO-C 500 500
IA-H 215 339 MT-A 136 214
1A-| 127 201 ND-G 199 313
1A-J 18 28 ND-K 164 259
iL-F 400 415 ND-M 59 94
IL-K 449 449 OH-A 30 42
IN-E 145 229 OH-B 30 42

® RPS requirement must be sourced entirely within Michigan
® Half of RPS requirement must be sourced from within Ohio.

18
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IN-K 194 308 OH-C 30 42
MI-A 0 0 OH-D 30 42
Mi-B 601 601 OH-E 30 42
MI-C 549 549 OH-F 30 42

MI-D 442 442 OH-I 30 42
MI-E 601 601 SD-H 300 474
MI-F 601 601 5D-J 292 461

M1 303 303 SD-L 300 474
MN-B 75 119 | Wi-B 234 370
MN-E 0 0 WI-D 257 405
MN-H 0 0 Wi-F 0 Q
MN-K 175 277

Table 4.2: Incremental Generation Added to the MVP Porifolio Analysis Model

4.4 Analyses Performed

The MVP porifolio analysis combined the MISO Board of Director planning principles and the conditions
precedent to transmission construction to develop a transmission portfclio that meets public policy,
economic and reliability requirements. The analysis built a robust business case for the recommended
transmission, using the newly created MVP cost allocation methodology approved by FERC. The
candidate fransmission was tested against a variety of potential policy futures. This maximized the value
of the transmission portfolio and reduced potential negative risks associated with its construction due to
changes in future demand and energy growth. The output of the study was a justified porifolio of
recommended MVPs for inclusion in MTEP11 Appendix A and, if approved by the MISO Board of
Directors, subsequent construction.

The MVP cost allocation criteria requires the evaluation of the porifolio on a reliability, economic and
energy delivery basis. The analyses were designed to demonstrate this value, both on a project and
portfolio basis. To this end, the MVP portfolio analysis included the studies and output shown in Table
4.3.

These analyses focused on three main areas. The project valuation analyses focused on justifying each
individual MVP against the MVP criteria. The portfofio valuation analyses determined the benefits of the
portfolio in aggregate, quantifying additional reliability and economic benefits. Finally, a series of system
performance analyses were performed to ensure that the system reliability will be maintained with the
recommended MVP portfolio in service.
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(transmission)

Steady state List of thermal overloads mitigated by each project in the MVP Project
portfolio valuation
Aiternalives Relative value of each MVP against a stakeholder or MISO :
) e - Project
identified alternative .
. . valuation
Can include steady state and production cost analyses
Underbuiid Incremental transmission required to mitigate constrainis created System
requirements by the addition of the recommended MVP portfolio performance
Short circuit Incremental upgrades required to mitigate any short circuit / System
breaker duty violations performance
Stability Il_lstI o(; Vfoéatilgr:s mryga;teddby t::e re(:(:n:)r?;endedlMyP portfolio System
ncludes both fransient and voltage stability analysis performance
Portfolio
valuation
Generation Wind enabled by the MVP portfolio Portfolio
enabled .
valuation
Production cost Adjusted Production Cost (APC) benefits of the entire MVP Portfolio
portfolio valuation
Robusiness Quantification of MVP porlfolio benefits under various policy Portfolio
testing futures or transmission conditions valuation
zzzig:%m act Impact of the MVP portfolio on existing operating reserve zones Portfolio
P and quantification of this benefit valuation
Planning Reserve | Capacity savings due to reductions in the system-wide Planning Portfolio
Margin {PRM) Reserve Margin caused by the addition of the MVP portfolio to valuation
benefits the transmission system
Transmission loss | Capacity losses savings caused by the addition of the MVP Portfolio
reductions portfolio to the transmission system, where capacity losses valuation
represent the amount of capacity required to serve transmission
iosses during the system peak hour
Wind generation | Quantification of the incremental wind generator capital cost Portfolio
capital investment | savings enabled by the wind siting methodology supported by the valuation
MVP portfolio
Avoided capital Future baseline transmission investment that may be avoided due Portfolio
investment to the installation of the MVP portfolio vaiuation

SCHEDULE JTW-1

Table 4.3: MVP Pottfolio Analyses and Output
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4.5 Stakeholder involvement

Stakeholders reviewed and contributed to the development of the recommended MVP portfolio
throughout the study process. A Technical Study Task Force (TSTF), composed of regulators,
transmission owners, renewable energy developers, and market participants, met at least monthly with
MISO engineers to provide input, feedback, and guidance throughout the MVP study processes. Also,
regular updates were given to the MISO Planning Advisory Commitiee (PAC) and Planning
Subcommittee (PSC). Finally, all study results were available for stakeholder review Feedback or
analyses requested throughout the study process were incorporated into the MVP portfolio scope.

47

37

18 17

Regional Planning  Subregional  Regional Regionat Cost Candidate Planning
Generator Advisory Planning Expansion  Generater  Alflocation and MVP Portfolio Subcommittee
Outlet Study | Committee Meetings  Criteriaand Oullet Study /I Regional Analysis
Benefits Planning
(RECB) {CARP)

Figure 4.10: Regional Planning Stakeholder Meetings, 2008 - 2011
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5 Project justification and alternatives assessment

Each project in the MVP portfolio was analyzed to ensure that the project is justified against MVP cost
allocation criterion 1, and to determine if any relevant alternatives exist to the proposed projects. The
projects listed below constitute the final projects, which are recommended to the MISO Board of
Directors.

5.1 Big Stone to Brookings County 345 kV Line

Mt Valom Profzc!s (MVTFs)
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Figure 5.1: Big Stone to Brookings County

Project(s): 2221
Transmission Cwner(s): OTP, XEL

Project Description: This project creates a new 345 kV path on the border of South Dakota and
Minnesota by connecting XEL’s Brookings County and OTP’s Big Stone. Approximately 69 miles of
new 345 kV transmission will be installed between these two substations along with a new 345 kV
terminal at Big Stone and two 345/230 kV, 672 MVA transformers. The {otal estimated cost of this
project is $191 million'®. The expected in service date for this project is December 2017.

Project Justification: The new 345 kV outlet from Big Stone removes overloads on the 230 kV paths
from Big Stone to Blair and Hankinson to Wahpeton along with 115 kV paths from Johnson to Motris |
Big Stone to Highway 12 to Ortonville, -Pipestone to Buffaio Ridge and Canby to Granite Falls. The
overloaded Waterlown 345/230 kV is also alleviated. Along with project 2220, this project reliably
moves mandated renewable energy from the Dakotas to major 345 kV transmission hubs and load
centers. .

Alternatives Considered: An alternative to buiid a new 345 kV from Big Stone to Canby to Granite
Falls to Minnesota Valley and rebuild the 230 kV or build a new 345 kV to Morris could provide an

% 1n 2011 dollars.
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alternative outlet for Big Stone wind. The cost of this alternative is higher than the 345 kV path to

Brookings County.

5.2 Brookings County to Southeast Twin Cities 345 kV Line
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Figure 5.2: Brookings County to Southeast Twin Cities

Projeci(s): 1203
Transmission Owner(s): XEL, GRE

Project Description:

This project creates a new 345 kV path through southern Minnesota, by connecting XEL's Brookings
County substation to the Twin Cities. Single circuit 345 kV transmission will be constructed from
Brookings County to Lyon County, from Helena to Lake Marion to Hampton Corner, and from Lyon
County to Hazel Creek to Minnesota Vailey. The Hazel Creek to Minnesota Valley section will be
operated at 230 kV initially. Double circuit 345 kV transmission will be constructed from Lyon Count to
Cedar Mountain to Helena. A 115 KV line will be built between the new Cedar Mountain and the
existing Frankiin substations. The project includes one 345/230 kV, 336 MVA transformer at Hazel
Creek, three 345/115 kV, 448 MVA transformers at Lyon County, Lake Marion and Cedar Mountain,
one upgraded 115/69 kV, 140 MVA transformer at Lake Marion and two upgraded 115/69 kV, 70
MVA transformers at Frankiin. A new breaker and deadend structure is planned at Lake Marion and
the Arlington to Green Isle 69 kV line will be upgraded to 477 ACSR. The project adds a total of 351
miles of new 345 kV, 5 miles of new 115 kV and 5.8 miles of rebuilt 89 kV lines. The total estimated
cost of this project is $695 million'". The expected in service dates for these projects are;

¢ June 2013 (Cedar Mountain 345/115 kV transformer)
¢ August 2013 {Cedar Mountain to Helena 345 kV double circuit line and Arlington to Green Isle 69
kV rebuild)

"'In 2011 dotlars
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October 2013 {Lyon County 345/115 KV transformer)

November 2013 (Lyon County to Cedar Mountain 345 kV double circuit line)

January 2014 (Franklin 115/69 kV {ransformers)

February 2014 (Cedar Mountain to Franklin 115 kV fine)

March 2014 (Lake Marion 345/115 kV and 115/69 kV transformers and station work)

April 2014 (Helena to Lake Marion 345 kV line)

June 2014 (Lake Marion to Hampton Corner 345 kV line)

January 2015 {Brookings to Lyon County 345 kV line and Hazel Creek 345/230 kV transformer)
February 2015 {Lyon County to Hazel Creek to Minnesota Valley 345 KV line)

e & & & & & 5 & »

Project Justification:

Without the Brookings County to Twin Cities 345 kV line, the loss of Split Rock to White 345 kV leaves
only the 230kV system to feed load to the East. This overloads the Watertown 345/230 kV transformer
without the parallef 345 kV path from Brookings County. Not having the project also impacts the 115 kV
nelwork in southern Minnesota which is connected on both sides by 230 kV. The loss of sither 230kV
source causes muitiple overicads in the surrounding 115 kV network without this project. The loss of any
segment of the Wilmarth-Helena-Blue Lake 345 kV line in southeast Minnesota leads to overloads on the
underlying 115 kV network. Without this project, the power flowing west to east is forced through the 115
kV system, overloading the underlying 115 kV lines. The Wilmarth to Eastwood and Wilmarth to Swan
Lake 115 kV lines are overloaded without the additional 345kV support to the north that is included with
project 1203. At the Minnesota/Wisconsin interface, the loss of 345 kV lines at Blue Lake, Prairle Island,
Red Rock, Coon Creek and Chisago substations overload the Prairie Island 345/161 kV transformer,
particularly for any NERC Category C5 outages involving lines between the aforementioned substations.
The Brookings County to Twin Cities project would bring an additional 345 kV source into this area to
reduce loading along the path into Wisconsin. There are also 115 kV overloads in this area which are
mitigated by this project.

AHernatives Considered:

With the existing 345 kV outlets out of Brookings County thermally constrained and with most of the
230 and 115 kV paths between Brookings County and the Twin Cities overloaded, mitigating all these
constraints through underlying line rebuilds would be infeasible and costlier compared to this project.
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5.3 Lakefield Junction to Winnebago to Winnco to Burt area; Sheldon to
Burt area to Webster 345 kV Lines
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Figure 5.3: Lakefield Jct to Winnebago to Winnco to Burt area; Sheldon to Burt area to Webster

Project(s): 3205
Transmission Owner(s): MEC, ITCM

Project Description:

Designed to connect with project 3213, this project creates a double circuit 345/161 kV path through
the border of Minnesota and lowa. New 345 kV transmission will be built from Lakefigld Junction to
Winnebago to Winnco to Burt and from Sheldon to Burt to Webster. Rebuilt 161 kV fransmission will
be on the same towers and go from Lakefield o Fox Lake to Rutland to Winnebago to Winnco and
Wisdom to Csgood to Burt to Hope to Webster. Winnebago, Winnco, Sheldon and Burt are all new
345 kV stations. Sheldon will be a tap on the existing Raun 1o Lakefisld 345 kV line. A 345/161 kV,
450 MVA transformer will be installed at Winnebago. This project adds 218 miles of new 345 kV and
92 miles of rebuilt 161 kV transmission. The total estimated cost of this project is $506 million'. The
expected in service dates for these projects are:

¢ December 2015 (Ali Lakefield Junction to Burt work)
» December 2016 (All Sheldon to Webster work)

Project Justification:

The new 345 kV path through southern Minnesota and northern lowa effectively mitigates the Fox
Lake — Rutland — Winnebago 161 kV constraint. Existing wind in the Winnebago and Wisdom areas
are benefitted by 345 kV transmission moving generation out of these constrained areas. Working in
tandem with project 3213, this project reliably moves mandated renewable energy from weslern and

2n 2011 dollars
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northern fowa along with existing wind at the Winnebago, Wisdom and Lime Creek/Emery areas to
major 345 KV transmission hubs.

Alternatives Considered:

An lowa alternative of Lakefield Junction to Mitchell County and Sheldon to Burt to Webster to Black
Hawk to Hazleton 345 kV was analyzed but was not effective in collecting Lime Creek/Emery area
wind or lowering congestion on the Mitchell County to Hazleton 345 KV line. It had simifar cost to the
combined lowa projects 3205 and 3213.

5.4 Winco to Lime Creek to Emery to Black Hawk to Hazleton 345 kV Line
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Projeci(s): 3213
Transmission Owner(s): MEC, ITCM

Project Description:

Designed to connect with project 3205, this project creates a double circuit 345/161 kV path through
northern lowa. New 345 kV transmission will be buiit from the new Winnco substation to Lime Creek
to Emery to Black Hawk to Hazleton. Rebuilt 161 kV transmission will be on the same towers as the
345 kV and will go from Lime Creek to Emery to Hampton to Franklin to Union Tap to Black Hawk to
Hazleton. A 345/161 KV, 450 MVA transformer will be installed at Lime Creek, Emery and Black
Hawk. This project adds 206 miles of new 345 kV, 23 miles of new 161 and 149 miles of rebuilt 161
kV transmission. The total estimated cost of this project is $480 million'®. The expected in service
date of the project is December 2015.

Project Justification:

% In 2011 dollars
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The new 345 kV path through lowa mitigates constraints seen on the Lime Creek — Emery — Floyd —
Bremer — Black Hawk 161 kV line. The 345/161 kV transformers at Lime Creek and Emery are
effectively acting as step-up transformers for wind and lowering congestion on the lower voltages.
The addilional 345 kV path into Hazleton significantly increases the transfer capability of the Mitchell
County — Hazleton 345 kV line. Working in tandem with project 3205, this project reliably moves
mandated renewable energy from western and northern lowa along with existing wind at the
Winnebago, Wisdom and Lime Creek/Emery areas to major 345 kV transmission hubs.

Alternatives Considered:

An lowa alternative of Lakefield Junction to Miichell County and Sheldon to Burt to Webster to Black
Hawk to Hazleton 345 kV was analyzed but was not effective in collecting Lime Creek/Emery area
wind or lowering congestion on the Mitchell County to Hazleton 345 kV line. It had similar cost to the
combined lowa projects 3205 and 3213.

5.5 North LaCrosse to North Madrson to Cardinal 345 kV Line

H‘u‘ﬂ Value Pr(g-cts (VP State  VoHage

Figure 5.5: North LaCrosse to North Madison to Cardinai

Project(s): 3127
Transmission Owner(s): ATC, XEL

Description: This creates a 345 KV line from the North LaCrosse {Briggs Road) substation, to the
North Madison substation, to the Cardinal substation, through southwestern Wisconsin, A 448 MVA,
345/161 kV transformer will be installed at Briggs Road, and approximately 20 miles of 138 kV line
between the North Madison and Cardinal substations will be reconductored. The new 345 kV line will
be approximately 157 miles long. The estimated cost is $390 million'*. The expected in service date
is December 2018.

" In 2011 dollars
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Justification: The 345 kV line from North LaCrosse to North Madison creates a tie between the
345KV network in western Wisconsin to the 345 kV network in southeastern Wisconsin. This creates
an additional wind outiet path across the state; pushing power into southern Wisconsin, where it can
go east into Milwaukee, or south fo illinois, providing access to less expensive wind power in two
major load centers. With the Brookings project, the wind coming into North LaCrosse needs an outlet,
and the line to North Madison is the best option studied. From a reliability perspective, the addition of
the North LaCrosse to North Madison to Cardinal 345 kV path helps relieve constraints on the 345 kV
system parallel to the project to the north and south of the new line. The 138 and 161 kV system in
southwest Wisconsin and nearby in lowa are also overloaded during certain contingent events, and
the new line relieves those constraints. This project will miligate twelve buli electric system (BES)
NERC Category B thermal constraints and eight NERC Category C constraints. It wilt also relieve 30
non-BES NERC Category B and 36 NERC Category C constraints.

Alternatives Considered:

Rebuilding the overloaded 138 and 161 kV lines, along with adding transformers or upgrading the
existing units to handle the increased loading, was the only other alternative considered. This was not
a viable alternative, because the cost Is greater than the proposed project. The proposed project also
provides the most benefit to the transmission grid in the future.

5.6 Dubuque to Spring Green to Cardinal 345 kV Line
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Figure 5.6: Dubuque to Spring Green to Cardinal

Projeci(s): 3127

Transmission Owner{s): ATC, ITCM

Description: A 345 kV line is created from the Dubuque substation in lowa, to the Spring Green
substation to the Cardinal substation through southwestern Wisconsin. A new Dubuque County 345
kV switching station will be created, and the Spring Green substation will be upgraded to
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accommodate the new connections. A new 500 MVA, 345/138 kV transformer will be added. To
accommodate the new 345 kV connections from Spring Green and North Madison, the Cardinal
substation will be upgraded. There are also upgrades to the 69 kV system, which is being converted
to operate at 138 kV, in the Mazomanie — Black Earth — Stagecoach area. The new 345 kV ling is
approximately 136 miles long. The estimated cost is $324 million'. The expected in service date is
Dacember 2020.

Justification: The 345 kV line from Dubuque to Spring Green to Cardinal creates a tie between the
345KV network in lowa to the 345 kV neltwork in southcentral Wisconsin. This expansion creates an
additional wind outlet path across the state; bringing power from lowa into southern Wisconsin, where
it can then go east into Milwaukee or south toward Chicago providing access to less expensive wind
power in two major load centers. In combination with another Multi Value Project, the Oak Grove —
Galesburg — Fargo 345 KV line, this project enables 1,100 MW of wind power transfer capability. This
new path will help offioad the lines that feed the Quad City (lowa) area by bringing power flow to the
north. From a reliability perspective, the addition of the Bubuque — Spring Green — Cardinal 345 kV
path helps refieve constraints on the 345 kV system paralie] to the project to the north and south of
the new line, as well as 138 KV system constraints in the aforementioned areas and to the west of the
new line. The 138 kV system in southwest Wisconsin and nearby in lowa is alsc overloaded during
certain contingent events, and the new line relieves those constraints. Those overloaded facilities that
are not relieved by the 345 kV project are relieved by upgrades to the lower voltage transmission
system, including converting part of the 69 KV system to operate at 138 kV. This project will mitigate
eight bulk electric system (BES) NERC Category B thermal constraints and ten NERC Category C
constraints. It will also relieve two non-BES NERC Category B and two NERC Catsgory C
constraints.

Alternatives Considered: An alternative to the proposed project wouid be to rebuild the 138 kV lines
that were overloaded. The cost of this alternative would be more than the proposed project, without
providing benefits of the proposed project.

®In 2011 dollars
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5.7 Ellendale to Big Stone 345 kV Line
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Figure 5.7: Ellendale to Big Stone

Project(s): 2220
Transmission Owner(s): OTP, MDU

Project Description:

This project creates a new 345 KV path through the border of the Dakotas by connecting OTP’s Big
Stone and MDU's Ellendale substations. Approximately 145 miles of new 345 kV transmission will he
installed between these substations along with a new 345KV terminai at Ellendale and a 345/230 kV,
500 MVA transformer. The total estimated cost of this project is $261 miliion'®. The expected in
service date for this project is December 2019.

Project Justification:

The new 345 kV outlet from Ellendale removes overloads on the 230 kV path from Ellendale to Oakes
to Forman and the 115 kV path from Ellendale to Aberdeen. Overloads on the 230/115 kV
transformers at Ellendale, Forman and Heskett are also alleviated. Along wilh project 2221, this
project reliably moves mandated renewabie energy from the Dakotas to major 345 kV transmission
hubs and load centers.

Alternatives Considered:

An alternative to convert the 115 kV path from Eliendale to Huron could alleviate the southern path
constraints out of Ellendale but downstream transmission may also need to be rebuiit to accommodate
wind injection delivered through a lower impedance line. The eastern 230 kV path out of Ellendate would
need to be rebuilt to 345 kV up to Fergus Falls. The cost of this alternative is higher than a 345 kV path to
Big Stone.

% In 2011 dollars
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5.8 Ottumwa to Adair to Palmyra Tap 345 KV Line
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Figure 5.8: Ottumwa to Adalr to Palmyra Tap

Project(s): 2248, 3170
Transmisston Owner(s): Ameren Missouri, MEC, ITCM

Project Description:

This creates a 345 kV path through central/feastern Missouri by connecting lowa's Ottumwa
substation to Ameren Missouri’'s West Adair substation {(P2248). it then extends 345 kV from West
Adair to Ameren Missouri's Paimyra substation Tap (P3370), near the Missouri/lilincis border.
Approximately 88 miles of new and rebuilt 345 kV line will be installed between Ottumwa and Adair,
aleng with a 345kV terminal at Adair and a 345/161 kV, 560 MVA step down transformer. Sixty-three
miles of new 345 kV iine will be built between West Adair and the Palmyra Tap, where a new 345 kV
switching station will be established. The estimated cost is $250 million'”. The New Palmyra Tap
substation will be ready by November 2016. The Ottumwa to West Adair 345 kV line and West Adair
substation work will be ready by June 2017. The West Adair to Palmyra 345 kV line and West Adair
345/161 kV transformer will be ready by Novembaer 2018.

Project Justification:

The new 345 kV lines from Ottumwa to West Adair to Palmyra will provide an oullet for wind
generation in the western region to move toward the more densely poputated load centers {o the east.
In addition to providing a wind outlet, the new lines will provide reliability benefits by mitigating a
number of contingent outage events during peak and shoulder periods, where the wind generation
component is much higher. The addition of the 345 kV lines and step down transformer at West Adair
is especially effective in resolving 161 kV line overloads on the lines out of West Adair and preventing
the loss of the generation at West Adair during certain NERC Category C events. This project will
mitigate two bulk electric system (BES) NERC Category B thermal constraints and five NERC
Category C constraints. it will alsc relieve three non-BES NERC Category B and two NERC Category
C constraints.

7 In 2011 dollars
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Alternatives Considered:

An alternative was to incorporate an additional 345 kV line from Weast Adair to Thomas Hill. While
improving reliability in the area, the addition would not improve the distribution of benefits within
MiSQ. Thus the alternative was removed, and the proposed project was recommended.

5.9 Palmyra Tap to Quincy to Meredosia to Pawnee; Meredosia to Ipava
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Figure 5.9: Paimyra Tap to Quincy to Meredosia to Pawnee; Meredosia to Ipava

Projeci(s): 3017
Transmission Owner(s): Ameren

Description: This creates a 345 kV path through western/central Hlinois by construction of 345 kv
lines betwsen the new Palmyra Tap swilching station to Quincy, Meredosta and Pawnee. Another
345 kV line would go from Meredosia north to the ipava substation. A total of 116 miles of new 345
kV line will be built between the Palmyra switching station and Pawnee, with new 345/138 kV, 560
MVA transformers at Quincy and Pawnee. The new 345 kV line from Meredosia to Ipava would bs 41
miles long. The estimated cost is $392 million'®. The New Palmyra Tap switching station will be ready
by June 2016. The Palmyra Tap switching station to Quincy to Meredosia 345 kV line and the Quincy
and Pawnee 345/138kV transformers will be ready by November 2016. The ipava substation
upgrades for new 345 kV connection from Meredosia will be ready by June 2017. The Meredosia to
Ipava and Meredosia to Pawnee 345 KV lines will be ready by November 2017,

Justification: The 345 kV lines from the Palmyra switching station to Pawnee and from Meredosia to
Ipava will provide an outlet for wind generation in the western region fo move toward the more
densely populated load centers to the east. In addition to providing a wind outlet, the new lines will

¥ |n 2011 doliars
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provide reliability benefits by mitigating a number of contingent outage events during peak and
shoulder periods, where the wind generation component is much higher. The addition of the 345 kV
lines and step down transformers in this project will keep the power flow on the 345 kV system.
Otherwise, it would be, injected into the lower voitage transmission networks if the 345 kV additions
are not made, which causes a number of lower voltage network constraints to be alleviated. This
project will mitigate eight bulk electric system (BES) NERC Category B thermal constraints and three
NERGC Category C constraints.

Alternatives Considered: A 345 kV connection between Palmyra and Sioux would alleviate some
constraints, but would not affect constraints in the Tazewell area, which would also need a 345 kV
connection to Paimyra. The alternative would not provide regional distribution of benefits with the
muiti value project, as it would constrain the 345 kV path from St. Louis across southern lllinois and
into indiana. Therefore the proposed project is recommended for the greatest benefit.

5.10 Pawnee to Pana to Mt. Zlon to Kansas to Sugar Creek 345kV Line
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Figure 5.10: Pawnee to Pana to Mt. Zion to Kansas to Sugar Creek

Projeci(s): 2237, 3169
Transmission Owner(s): Ameren

Description: This creates a 345 kV path through eastern/central llinols by building 345 kV lines
between the Pawnee substation fo Pana, Mt. Zion, Kansas and Sugar Creek (Indiana). A total of 146
miles of new 345 kV line will be consiructed between the Pawnee substation and Sugar Creek
substation on the eastern lilinois/Indiana border, with new 345/138 kV, transformers at Mt. Zion, Pana
(both lransformers are 560 MVA) and Kansas (448 MVA transformer). The estimated cost is $372
million*® All components will be in service by November 2018, except the new Kansas to Sugar Creek
345 kV Line, which will be ready by November 2019,

% In 2011 doars
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Justification: The 345 kV lines from the Pawnee {o Sugar Creek in wesiern Indiana wili provide an
outlet for wind generation in the western region to move toward the more densely populated load
centers o the east. This 345 kV extension creates another 345 kV path across central lllinois to
connect to the existing 345 kV network in Indiana at Sugar Creek. This provides access wind
generation to all of Indiana, and supplies major load centers such as Indianapolis and the Chicago
suburbs in northern Indiana. The new lines will provide a wind outlet and reliability benefits, by
mitigating a number of contingent outage events during peak and shoulder periods, where the wind
generation component is much higher. The addition of the 345 kV lines and step down transformers
in this project will keep the power flow on the 345 kV system. Otherwise, it would be injected into the
lower voitage transmission networks in 1linois if the 345kV additions are not made, which causes a
number of lower voltage network constraints to be alleviated. This project will mitigate eight bulk
electric system (BES) NERC Category B thermal constraints and 12 NERC Category C constraints.

Alternatives Considered: An alternative to the proposed project was a parallel 345 kV path to the
north, which would have built a 345 kV line through Bloomington into Brokaw, through Gilman and to
the Reynoids Substation in northwest Indiana. Although the benefits of taking this northern path were
similar to the southern route, there were fewer benefits gained by going with the northern path. it also
cost more than the recommended project.

Project justification and alternatives assessment

5.11 Reynoids to Burr Oak to Hlple 345 kV line
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Figure 5.11: Reynolds to Burr QOak to prle

Project(s): 3203

Transmission Owner(s): NIPSCo

Description: This creates a 345 kV line from Reynolds substation to Burr Oak to Hiple through
northern Indiana. At the Reynolds and Hiple stations, it creates a tie to 345KV lines routed near those
two stations but do not connect electrically at those points. The 345 kV line is approximately 100
miles long, along with the substation upgrades at Reynolds and Hiple necessary to accommodate the
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new 345 kV line connections. The estimated cost of this project is $284 million®. The expected in
service date is December 2019.

Justification: The project from Reynolds to Burr Oak to Hiple through northern Indiana will create a
345 KV path across the northern portion of Indiana toward Michigan, with the new tle at Hiple
connecling an existing 345 kV fine {0 the Argenta Station in southern Michigan. This path will provide
an additional 345 kV path to move wind energy across Indiana, and closer to the sast coast, bringing
less expensive wind generation into areas where the expense to generate power can be considerably
greaier. The line will relieve overloads on the 138 kV system along a parallel path as well as the 138
kV network in the Lafayette, IN, area. The additional ties at Reynolds and Hiple also reduce loading
on the existing 345 kV lines and creates a second path for power flow in this area, enhancing system
reliability. This project will mitigate five bulk electric system (BES) NERC Category B thermal
constraints and five NERC Category C constrainis.

Alternatives Considered: There is no viable alternative to the proposed plan. The proposed project
runs paraliel to the constraints identified and is the most effective at relieving them.

5.12 Ml Thumb Loop Expansion
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Figure 5.12: Michigan Thumb Loop Expansion

Project(s): 3168
Transmission Ownetr(s): ITC

Description: The proposed transmission line will connect into a new station to the south and west of the
Thumb area that will tap three existing 345 kV circuits; one between the Manning and Thetford 345 kV
stations, one between the Hampton and Pontiac 345 kV stations and one between the Hampton and
Thetford 345 kV stations. Two new 345 kV circuits will extend from this new station, o be called Baker
{formerly Reese), up to a new station, to be called Rapson (formerly Wyatt or Wyatt East) that will be

i 2011 dollars
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located to the north and east of the existing 120 kV Wyatt station. In order to support the existing 120 kv
system in the northern tip of the Thumb, the two existing 120 kV circuils belween the Wyatt and Harbor
Beach stations, one that connects directly between Wyait and Harbor Beach and that connects Wyatt to
Harbor Beach through the Seaside station, will be cut into the new Rapson station. From the Rapson
station, two 345 kV circuits will extend down the east side of the Thumb to the existing Greenwood 345
kV station and then continue south to the point whera the existing three ended Pontiac to Greenwood to
Belle River 345 kV circuit combines. To facilitate connection to the existing transmission system a new
345 kV station, to be calied Fitz (formetly Saratega), is included in the plan at a site due south of the
existing Greenwood station and just north of where the existing three ended Pontiac to Greenwood to
Belle River 345 kV circuit combines. The Fitz station will then tap the existing Pontiac to Belle River to
Greenwood 345 kV circuit and the existing Belle River to Blackfoot 345 kV circuit. Transformation from
the 345 KV facilities to the 120 kV facilities will be necessary to maintain continuity to the existing system
in and around the Sandusky area. The existing 120 kV facilities between the sites that will facilitate the
new 345 kV to 120 kV transformation can be utilized to facilitate a connection between the new 345 kV to
120 kV transformation and the existing 120 kV facilities in the Sandusky area. The cost of this project is
$510 million®'.

Justification: This project was needed pursuant to the directives of the Michigan Public Service
Commission’ and the Final Report of the Michigan Wind Energy Resource Zone Board (“Board”). This
project is necessary to deliver wind mandate in Region 4, the primary wind zone region in Michigan (the
Thumb). Reliability analysis tested 13 different system conditions involving Ludington pumped storage
scenarios and Ontario interface transfers. Without mitigations, overloads were up to 155% and instability
may happen for some multiple contingencies. With the existing system and aiternative designs tested,
NERG reliability standards cannot be met when renewable sufficient to deliver the wind mandates are
connected.

Alternative 1 Considered: Replace the existing single circuit 120 kV loop from Tuscola up to Wyatt and
down to Lee with two new 230 KV circuits on a 230 kV double circuit tower {ine that will extend from a new
230 KV station at or near the existing 120 kV Wyatt station southwest to a new 345/230 KV station
southwest of the existing Atlanta 138/120 kV station and twe more 230 kV circuits on a 230 KV double
circuit tower line that wili extend from the new 230 kV station at or near the Wyatt station down around to
the existing Greenwood 345 kV station utilizing high temperature 1431 ACSR conductor (or an
equivalently rated conducter) and 230 kV double circuit tower (or steel pole) construction, existing ROW
as available and new ROW where necessary. Also, add two new 230 KV circuits (on new ROW) on a 230
kV double circuit tower line that will extend from the new station at or near the Wyatt station down around
the west side of the Thumb 1o the new station south west of the Atlanta 138/120 kV station and two new
230 kV circuits on a 230 kV double circuit tower line that will extend from the Wyatt station down fo the
Greenwood station along the east side of the Thumb utilizing a simifar conductor/tower configuration as
the “inner loop™. Continue south from the Greenwood 345 kV station with a new 345 kV double circuit
tower line containing two new 345 KV circuits toward a new 345 kV station at a site due south of the
existing Greenwood station and just north of the point where the three ended Pontiac to Greenwood to
Belle River 345 kV circuit combines. The two new 345 kV circuits from Greenwood to this new station
south of Greenwood would parallel the existing 345 kV circuit along that same path. These routes would
utilize existing ROW to the extent possible.

Total Project Cost Estimate: $740, 000,000

Alternative 2 Considered: Replace the existing single circuit 120 kV loop from Tuscota up to Wyatt and
down to Lee with two new 230 kV circuits on a 230 kV double circuit tower line that will extend from a new
230 kV station at or near the existing 120 kV Wyalt station southwest to a new 345/230 KV station
southwest of the existing Atlanta 138/120 kV station and two more 230 kV circuits on a 230 kV double
circuit tower line that will extend from the new 230 kV station at or near the Wyatt station down around to
the existing Greenwood 345 KV station uiilizing high temperature 1431 ACSR conductor {or an
equivalently rated conductor) and 230 kV double circuit tower {or steel pole) construction, existing ROW

2'in 2011 dollars
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as available and new ROW where necessary. Also, add two new 230 kV circuits (on new ROW) on a 230
kV double circuit tower line that will extend from the new station at or near the Wyatt station down around
the west side of the Thumb to the new station south west of the Atlanta 138/120 kV station utilizing a
simifar conductor/tower configuration as the “inner loop™. Then continue south from the Greenwood 345
kV station with a hew 345 kV double circuit tower line containing two new 345 kV circuits toward a new
345 KV station at a site due south of the existing Greenwood station and just north of the point where the
three ended Pontiac to Greenwood to Belle River 345 KV circuit combines. The two new 345 kV circuits
from Greenwood to this new station south of Greenwood would parallel the existing 345 kV circuit along
that same path. These routes would utilize existing ROW to the extent possible.

Total Project Cost Estimate: $560,000,000

5.13 Reynolds to Greentown 765 kV iine
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Figure 5.13: Reynolds {o Greentown

Project(s): 2202
Transmisston Owner(s): NIPSCO, Duke

Description: This project creates a 765 kV line from the Reynolds substation to the Greentown
substation through Indiana, norih of the Lafayette area. A 765/345 kV transformer/substation will aiso
be installed at the Reynolds substation. The length of 765 KV line is approximately 66 miles, along
with the 765 kV substation terminal upgrades at Greentown necessary to accommodate the 765 kV
line connection. The estimated cost of this project is $245 million®®. The 765 kV line project will be
ready by June 2018. The 765/345 kV substation upgrade/construction will be ready by August 2018.

Justification: The 765 kV line from Reynoids to Greentown path across central Indiana will create an
additional wind outlet path across the state, pushing power closer to the east coast, bringing less
expensive wind generation into areas where the generation of power can be considerably more
expensive. There are constraints on reliability on the 345 kV system to the north going toward

2 In 2011 dollars
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Chicago ang Michigan, and tc the south, crossing the Mllinois/Indiana border and down into
southwestern Indiana. These are mitigated with the new 765 KV line. The system flows attempt to
bring power back to the Greentown substation, which cause numerous overioads for contingent
scenarios that can be mitigated with the proposed 765 KV line. The line will also relieve constraints on
the 138 kV system along a paraflel path in the Lafayette, Indiana, area as well as the 138 kV line to
the south between Dresser and Bedford. This 765 KV line will provide reliability benefits throughout
Indiana. This project will mitigate seven bulk electric system (BES) NERC Category B thermal
constraints and 21 NERC Category C constraints. it also relieves four non-BES NERC Category C
constraints.

Alternatives Considered: Alternatives to the proposed project would be building iines to bypass the
Lafayette area, which would relieve the constraints identified in this analysis, but load up the 230 and
138kV systems beyond the Lafayette area. The 345 kV in the Cayuga area is also heavily loaded,
and upgrading would not be recommended. The propeosed project is effective in alleviating alt these
constraints, without crealing new ones, and provides a reduction of loadings on the existing lines.

Ferdd Watos Projects {1MVPs} Slre  Voeltsgs
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Figure 5.14: Pleasant Prairie to Zion Energy Center

Project{s): 2844
Transmission Owner(s): ATC

Description: A 345 kV line will be created from the Pleasant Praitie substation in Wisconsin to the
Zion Energy Center substation in lilinois. The line will be approximately 5.3 miles long. The estimated
cost is $26 million®. The expected in service date is March 2014.

Justification: The 345 kV line from Pleasant Prairie to Zion Energy Center creates an additional
345KV tie between these two stations, allowing more power to flow from the north down into lllinois.

% n 2011 dollars
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That will bring wind energy from the north and west into this area. From a refiability perspective, the
addition of the path relieves constraints on the 138 kV system adjacent to the project as well as 138
kV system constraints to the west of the new ling. This project will mitigate seven bulk electric system
{BES) NERC Category B thermal constraints and four NERC Category C constraints.

Alternatives Considered: No viable aiternatives to this project were identified. The proposed project,
which creates a parallel path to the existing constrained ling, is the most effective solution.

5.15 Oak Grove fo Galesburg to Fargo 345 kV line
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Flgure 5.15: Oak Grove to Galesburg to Fargo 345 kV line

Project{s): 3022
Transmission Owner(s): Ameren, MEC

Description: This creates a 345 kV line from the MEC’s Qak Grove substation to Ameren’s
Galesburg substation and to the Fargo substaticn through central lllinois. A new 560 MVA, 345/138
kV transformer will be installed at the Galesburg substation in addition to terminal additions/upgrades
at all three substations. The 345 kV line is approximately 70 miles long, along with 40 miles of
reconduc!orlrebund at 345 kV and 138 kV to complete the project. The estimated cost is $193
million®. The Oak Grove — Galesburg 345 kV line and the Oak Grove 345 kV substation upgrades
are expected to be ready by December 2016. The Fargo — Qak Grove 345 kV Line and Galesburg
transformer addition are expected to be ready by November 2018. The Fargo substation upgrades
are expected to be in service in 2018,

Justification: The new 345 kV line from Oak Grove to Galesburg to Fargo creates a path from
western lllinois near the lowa/Ilinois border to central Hinois. This expansion creates an additional
wind outlet path across the state, pushing power into central lllinois. In combination with another
MVP, Dubuque — Spring Green — Cardinal 345 kV line, this enables 1,100 MW of wind power transfer

' 1n 2011 dollars
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capability. From a reliability perspective, the addition of the Qak Grove to Fargo 345 kV path heips
relieve constraints on the 345 kV system to the north. The 138kV system in the same area is also
overloaded during certain contingent events. With the MVPs proposed in Wisconsin, Oak Grove to
Fargo is needed to provide an outlet for the power coming from the west. It will keep that power on
the 345 kV transmission system, rather than forcing it through the 138 kV system, requiring significant
upgrades to carry the increased powsr flow.

Analysis also shows that the north ties from ATC to ComEd will remain constrained despite a new
MVP from Pleasant Prairie to Zion, if the Oak-Grove Fargo 345 kV line is not builf. This is because
both outlets, Dubuqgue-Cardinal and Oak Grove-Fargo, are needed to effectively mitigate constraints
on the transmission network supplying the Chicago area. This project will mitigate six bulk electric
system (BES) NERC Category B thermal constraints and five NERC Category C constraints.

Alternatives Considered: Alternatives to the proposed project would be upgrading the 345 and 138
kV lines that are overloaded going toward Chicago. Upgrading the overloaded lines would likely lead
to more overloads to the east, by injecling the additional power into an already constrained 345 kV
path through Com Ed’s Silver Lake area. The proposed project provides the greatest benefit to the
transmission system.
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5.16 Sidney to Rising 345kV Line

Figure 5.16: Sidney to Rising 345 kV line

Project(s): 2239
Transmission Owner(s): Ameren '

Description: This builds a 345 kV line between the Sidney and Rising substation through
eastern/central lllincis. That would create approximately 27 miles of 345 kV line, along with the
substation upgrades at Sldney and Rising needed to accommodate the new ling. The estimated cost
of this project is $90 million®®. The Sidney and Rising substation upgrades are expected to be ready
by June 20186, and the 345 kV line should be ready by November 2016.

Justification: The 345 kV line from Rising to Sidney in lllinois will connect a gap in the 345 kV
network in the area, promoting wind generation moving from the west to the east into Indiana. It will
mitigate constraints by keeping the power on the 345 kV system, rather than pushing it into the 138
kV network at Rising. That causes overioads on the Rising transformer and on nearby 138 kV lines
fed from Rising. This project will mifigate one buik electric system (BES) NERC Category A thermal
constraint, one NERC Category B constraint and three NERC Category C constraints.

Alternatives Considered: Upgrading the transformer at Rising and the 138 kV lines are a possible
alternative, but that transformer was upgraded recently. Analysis shows that the power fiow is being
forced into the 138 kV system between Sidney and Rising to step back up to the 345 kV system.
Completing the short connection between Sidney and Rising is the most effective recommendation
for a long term solution.

% 1n 2011 dollars
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6 Portfolio reliability analyses

In addition to the individual project justification, the MVP portfolio analysis also included an evaluation of
the complete recommended MVP portfolio to ensure that system reliability is maintained. The
recommended MVP portfolioc maintains system refiability by resolving viclations on approximately 650
transmission elements for more than 6,700 system conditions. It also mitigates 31 system instability
conditions. More information on the constraints for each Individual project may be found in Section 6 of
this report.

6.1 Steady state

6.1.1 Reliability Planning Methodology Overview

The reliability assessment performed for the MVP portfolio analysis tested the transmission system using
appropriate North American Electric Reliability Corporation (NERC) Table 1 events to determine if the
system, as planned, meets Transmission Planning (TPL) standards. Any violation of these standards was
identified, and the components of the porifolio were tested to determine their effectiveness in addressing
the identified issues. In addition secondary transmission upgrades were developed to mitigate any
unresolved issues. The performance of the mitigation plan was tested 1o ensure it alleviates the identified
issues and does not create additional issues.

6.1.2 Planning Criteria and Monitored Elements

In accordance with the MISO Transmission Owners Agreement, the MISO Transmission System is to be
planned to meet local, regional and NERC planning standards. The MVP portfolio analysis, performed by
MISO staff, tested the performance of the sysiem against the NERC Standards when applicable
Renewable Portfolio Standards (RPS) were applied. Compliance with local requirements, where the local
requirements exceed NERC standards, was not evaluated. This analysis will be performed by the
responsible Transmission Owners. All system elements that were loaded at 5% or higher were flagged
as transmission issues for Category A, B and C events. Elements under Category C3 contingencies were
flagged as transmission issues at loadings of 125% and higher.

All system elements, 100 kV and above, within the MISO Planning regions, as weall as tie lines to
neighboring systems, were monitored. Elements 69 kV and above were monitored in select MISO
Planning regions per Transmission Owner planning standards. Some non-MISO member systems were
monitored if they were within the MISO Reliability Coordination Area.

6.1.3 Baseline Modeling Methodology

The MVP portfolio anaiysis powerflow models were developed to represent various system conditions in
the planning horizon. 2021 Summer Peak and 2021 Shoulder Peak powerflow models were developed.
MISO coordinated with external seam regions, including TVA, SPP, MAPP and PJM, to reflect the latest
topology of the corresponding regions. For all other areas, modeling data from the 2020 Eastern
Interconnection Planning Collaborative (EIPC) model was applied.

6.1.4 Contingencies Examined

Regionai contingency files were developed by MISO staff collaboratively with Transmission Owners and
regional study group input. NERC Category A, B and C contingency events on the transmission system
under MISO functional control were analyzed. In general, contingencies on the MISO members’
transmission system at 100 kV and above were analyzed, although some 89 kV transmission was also
analyzed. The MTEP10 MRO contingency files were used with updates from MISO Transmission
Owners. Automated singie contingencies and bus double contingencies were also performed on the new
MVP and surrounding transmission.
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6.1.5 Results

A total of 384 thermal overloads were miligated by the recommended MVP portfolio under shoulder peak
conditions, for approximately 4,600 system conditions. In addition, approximately 100 additional thermal
overloads and 150 voltage violations were mitigated by the recommended MVP porifolio in the summer
peak analysis.

6.2 Transient stability

The purpose of performing transient stability analysis is to identify loss of synchronism, sometimes
referred to as ‘out of step’ conditions for exisling and proposed generation under severe fault conditions
required by NERC and regional reliability standards. For the MVP portfolio transient stability analysis, two
scenarios were studied.

Tasks of the two studies were evaluafion of the impact of major fault conditions on the ability of the
generators to remain synchronized to the electric system without any voltage or damping criteria
violations.

6.2.1 Methodology and base case creation

Transient stability analysis was performed on two cases representing the shoulder peak conditions, in
2021, after the addition of RGOS wind zones and the 17 MVP portfolio fines. The foilowing two cases
were created for comparative analysis. These models were based upon the MTEP11 powerflow models
utilized for the steady state analysis, as described in the previous section.

1. Abase case, or the “No MVP portfolio case,” was developed by adding all the incremental
wind zones, without the portfolio, to the MTEP11 case.

2. Astudy case, or the "With MVP portfolio case,” was developed by adding all the incremental
wind zones, with the porifolio, to the MTEP11 case.

The corresponding dynamic files, for the power flow cases mentioned above, were created by adding the
GE 1.5 MW turbines (GEWTG1- Type 3 model) to represent each wind zone. It was assumed that all new
wind turbines would have a +/-0.95 power factor range. The machine data for all existing units was
unchanged because it had been reviewed by the Transmission Owners during the MTEP10 review
process. For all external models where the data was not available, machines were modeled with a
classical machine model (GENCLS).

6.2.2 Monitored facilities

For evaluating the transient stability performance under fault conditions, the rotor angle, active power
output, terminal voltage and the reactive power cutput for each machine was maonitored. For evaluating
the transient voltage violations under fault conditions, 345kV bus voltages in each MISGC control area
were monitored. The list of monitored bus voltages can be seen in Appendix C of this report.

6.2.3 Fault analysis and assumptions

All faults that were analyzed during the MTEP10 stability analysis review were used as the starting point
for the stability analysis. In addition, several three phase fauits and single line to ground faults (SLG) were
developed to simulate fault conditions on the MVP portfolio lines. All these faults were reviewed by the
Technical Study Task Force in the first quarter of 2011,

A two cycle margin was added to the fault clearing times to determine if system reliability would be
maintained under more stressed conditions. Generally, when the fault clearing times are increased, the
probability of having an unstable condition is also increased. Therefore, it was impoirtant to determine
whether the existing MTEP10 faults would cause system instability; with a two cycle embedded margin to
account for modeling errors that can mask underlying refiability issues if the clearing times are close to
the crilical clearing times. This analysis was not required to comply with any NERC reliability criteria, but
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was performed to check the strength of the power system with increased wind generation and
transmission under the 2021 conditions.

At the time this fault analysis was conducted, short circuit data was not available to model SLG fault
conditions for the CMVP faults. NERGC Category C6, C7, C8 and C83 reliability critetia requires the system
to be stable under SLG faults cleared under delayed clearing such as a stuck breaker condition. NERC
Category D1, D2, D3 and D4 reliability criteria, which is a lot more stringent, requires the system to be
stable under three phase fault conditions with delayed clearing. Typically, a three phase fauit is a lot more
severe than a SLG fault and is a lot easier to simulate due to the absence of zero sequence fault
currents. Therefore, SL.G faults with delayed clearing on the MVP portfolic lines were simulated as three
phase faults with delayed clearing.

The rationale for choosing this approach was simple. If the Three Phase faults were stable under delayed
clearing conditiens, then it could be reasonably assumed that the same faults would also be stable under
SLG with delayed clearing. However, if the analysis revealed that a few faults caused instabillty, then only
those faults would then be re-analyzed with correct fault impedance.

6.2.4 Resulis

The transient stability analysis reveaied that the addilion of the MVP portfolio to the iransmission system
made the system more stable under several fault conditions and 2021 shoulder peak conditions. There
were a few fauit conditions, which required the addition of minor reactive support devices at a couple of
345kv buses in the western region of the MISO transmission system. The evaluation of optimized reactive
support locations under these fault conditions will be studied during the regular MTEP12 reliability
analysis, which requires additional stakehoider input and more detailed analysis. The resulis of the
transient stabilily analysis are under Appendix C of this report.

6.3 Voltage stability

Voltage stability analysis was performed to identify voltage collapse conditions under high energy transfer
conditions from major generation resources to major load sinks. For this analysis, high transfer conditions
were analyzed, from the wind rich west region of the MISO footprint to major load centers such as
Minneapolis-St. Paul, Madison, St Louis and Des Moines. The idea was o evaluate the incremental
transfer capability, between the generation resources and the load sinks, that is created by the addition of
the MVP porifolio under 2021 summer peak conditions.

6.3.1 Methodology and base case creation

The evaiuation of the MVP portfolio’s incremental transfer capability benefits can only be quantified when
the results are compared to identical system conditions without the MVP lines. Therefore, two different
power flow cases were created for 2021 summer peak conditions, shown below.

1. Abase case or the “No MVP portfolic case” was developed by adding all the incremental
wind zones without the portfolic.

2. A study case or the “With MVP portfolio case” was developed by adding all the incremental
wind zones with the portfolio.

For each of the two cases mentioned above, four different transfers were modefed by increasing the
generation in the source areas and reducing the generation in the load areas. The idea is to transmit
maximum megawatts over the transimission system before a voltage collapse condition occurs due to the
contingency loss of a major transmission line. For each simulated transfer, an interface consisting of
major import transmission lines into the load centers was created and monitored for each contingency.

The voltage stability transfer analysis was simulated under several contingency conditions to identify the
worst contingency and the corresponding maximum megawatt transfer levels over the defined interface.
This method was repeated for each transfer and for both the 2021 summer peak load cases as described

above.
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6.3.2 Resulis

The comparative analysis summary below shows that the addition of the MVP lines boosted transfer
capabilities from wind rich regions to major load centers within the MISO footprint. The details of the
voltage stability analysis showing the PV plots and reactive reserve margins for each transter, under both
scenarios, can be viewed in Appendix C of this report.

MISO West - Twin Cities 3399 5240 1841 54 percent

MISO West - Madison 1720 3160 1440 84 percent
MISO West - Des

Moines 2000 3100 1100 55 percent

MISO West - St Louis 3700 4660 960 26 percent

Table 6.1: Transfer capabilities under high transfer conditions

6.4 Short circuit

The reliability analysis component of the MVP portfolio study included a short-circuit analysis. The goal
was to determine whether the installation of the MVP transmission facilities would cause certain existing
circuit breakers to exceed their short-circuit fauit interrupting capability.

Per the Tariff, should the installation of one or more MVPs cause an electrical issue on a facility, the
resolution can be inciuded in the scope of the MVP. The costs can then be shared using the same
regional cost allocation mechanism applicable to the base MVPs, as long as the electrical issue is
associated with a facility that is owned by a MISO Transmission Owner and classified as a transmission
plant. While many slectrical issues resulting from MVPs are loading or voltage related, it is also possible
for the MVPs {o raise the available short-circuit fault current at specific buses.

When the available short-circuit fault current increases beyond the capability of one or more circuit
breakers to interrupt the fault current, the situation must be remedied. Typical remedies include replacing
the affected circuit breaker with those with higher short circuit fault interrupting capabilities. In some
situations, it may be necessary to reconfigure the topoiogy of the system (e.g., splifting buses, etc.) if the
available short-circuit fault currents exceed the capabilities of available circuit breakers.

To perform the short-circuit analysis, MISO developed default criteria to govern the short-circuit study.
MISO then requested each Transmission Owner to conduct a short-circuit analysis on their own circuit
breakers, using either their own internal criteria or MISO’s default criteria, to determine if there are fauit
duty issues with any circuit breakers caused by the installation of one or more MVPs. Most Transmission
Owners elected to use the default MISO criteria. The Transmission Owners then submitted results to
MISO, including any recommendations to be added to the scope of existing MVPs. The default MISO
criteria for the short-circuit analysis follows.

6.4.1 Default criteria for worst case fault current interruption exposure

This default criteria will establish the worst case fault current interruption exposure for each circuit breaker
when there is no established criteria for worst case fault current interruption exposure for a specific
Transmission Owner:

* Three-phase, phase-to-ground and double phase-to-ground faults will be evaluated.
Phase-to-phase fauits will not be evaluated.
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Faults will be simutated with zero fauit impedance.

Fauit currents will be calculated in accordance with IEEE/ANSI Standard C37.010-1999
using the X/R multiplying factors.

Faults will be simulated with all generation on-line with the sub transient reactance or
equivalent modeled for alf generators.

Faults will be simulated with all network buses and branches in their normal
configuration.

For branch fauits, fault locations will be simulated at the branch-side terminals of the
circuit breaker in question.

For branch and bus faults, faults current circuit breaker flows will be determined
assuming all other circuit breakers protecting the branch or bus are open. While this
resulis in a lower total fault current, this typically represents the highest fault current
exposure for a specific circuit breaker.

For each circuit breaker, simulations will be made to determine the worst case fault
current interruption exposure for primary and backup zones of protection, where backup
zones of protection are covered by a specific circuit breaker under the failure of a
different circuit breaker,

6.4.2 Default criteria for circuit breaker fault duty calculations

The following default criteria will be used to establish the fault duty for each circuit breaker when there is
no established criteria for circuit breaker fault duty calcufations for a specific Transmission Owner:

For each circuit breaker, the interrupting capability of the circuit breaker must be greater
than the worst case fault current interrupting exposure of the circuit breaker, plus a safety
margin of 2.5 percent

When specific circuit breakers must be derated for reclosing duly, the Transmission
Owner will inform MISO about the specific derates and the associated zones of
protection where they apply for each circuit breaker. These derates will be applied in
determining the fault duty for the circuit breaker.

6.4.3 Results

The resulis of the short-circuit analysis indicated the need for only nine circuit breaker replacements,
representing an estimated capital cost of about $2.2 milion, or less than 0.1 percent of the
recommended MVP portfolio. The circuit breaker repiacements represented lower voltage circuit breakers
exposed to higher fauit current levels due the installation of nearby MVP facilities. The recommended
circuit breaker replacements are shown in the table below:

Blount 69 kV 3 N. Lacrosse — Cardinal - Dubuque
Laksfield 161 kV 1 Lakefield - Hazleton
Winnebago 161 kV 3 Lakefield — Hazleton
Lime Creek 161 kV 1 Lakefield — Hazleton
Hazleton 161 kV 1 Lakefield — Hazleton

Table 6.2: Clrcuit breaker replacements
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7 Portfolio Public Policy Assessment

The projects in the proposed Multi Value Project portfolio were evaluated against criterion 1, which
require the projects to reliably or economically enable energy policy mandates. To demonstrate the ability
of the portiolio to enable the renewable energy mandates of the footprint, a set of analyses were
conducted to guantify the renewable energy enabled by the footprint.

This analysis took part In two parts. The first part demonstrated the wind needed to meet the 2026
renewable energy mandates that would be curlailed but for the recommended MVP portfolio. The second
part demonsirated the additional renewable energy, above the 2026 mandate, that will be enabled by the
portfolio, This energy could be used to serve mandated renewable energy needs beyond 2026, as most
of the mandates are indexed to grow with load.

7.1 Wind Curtailment

A wind curtailment analysis was performed to find the percentage of mandated renewable energy which
could not be enabled but for the recommended MVP portfolio.

The shift factors for all wind machines were calculated on the worst NERC Category B and C contingency
constraints of each monitored element identified as mitigated by the recommended MVP porifolic. The
429 monitored element/contingent element pairs {flowgates) consisted of 205 Category B and 224
Category C contingency events. These constraints were taken from a blend of 2021 and 2026 wind levels
with the final calculations based on the 2026 wind levels.

Since the majority of the western region MVP justification was based on 2021 wind levels, it was
assumed that any incremental increase to reach the 2026 renewable energy mandated levels would be
curtailed. A transfer of the 193 wind units, sourced from both committed wind units and the RGOS energy
zones, to the system sink, Browns Ferry in TVA, was used fo develop the shift factors on the flowgates,

Linear optimization logic was used to minimize the amount of wind curtailed white reducing loadings o
within line capacities. Similar to the Multi Value Project justifications, a target ioading of less than or equal
to 95% was used. 24 of the 429 flowgates could not achieve the targeét loading reduction, and their targets
were relaxed in order to find a solution.

The algorithm found that 10,885 MW of dispatched wind would be curtailed. As a connected capacity, this
equates to 12,095 MW as the wind is modeled at 90% of its nhameplate. A MISO-wide per-unit capacily
factor was averaged from the 2026 incremental wind zone capacities to 32.8%.

The curtailed energy was calculated to be 34,711,678 MWHr from the connected capacity times the
capacity factor times 8,760 hours of the year. Comparatively, the full 2026 RPS energy is 55,010,629
MWHr. As a percentage of the 2026 full RPS energy, 63% would be curtailed in lieu of the MVP portfolio.

7.2 Wind Enabled

Additional analyses were performed to determine any incremental wind energy, in excess of the 2026
requirements, enabled by the recommended MVP porifolio. This energy could be used to mest renewable
energy mandates beyond 2026, as mos! of the state mandates are indexed to grow with load. A set of
two First Contingency Incremental Transfer Gapability (FCITC) analyses were run on the 2026 model to
determine how much the wind in each zone could be ramped up prior to additional reliabiiity constraints
occurring.
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First, a transfer was sourced from ail the wind zones in proportion to their 2026 maximum output. All the
Bulk Electric System (BES) elements in the MISO system were monitored, with constraints being flagged
at 100% of the applicable ratings. All single contingencies in the MISO footprint were evaluated during the
transfer analysis. This transfer was sunk against MISO, PJM, and SPP units, in the proportions below.
More specifically, the power was sunk to the smallest units in each region, with the assumption that these
small units would be the most expensive system generation.

MISO 33 percent
PJM - 44 percent
SPP 23 percent

Table 7.1: Transfer Sink Distribution

As a result of this analysis, it was determined that an additional 981 MW couid be reliably sourced from
the energy zones. Because of regional transfer limits, no additional western wind could be increased
beyond this level. The output levels of the wind zones were updated in the model and a second transfer
analysis was performed to determine any incrementat wind that could be sourced from the Central and
East wind zones. This analysis was performed with the same methodology and sink as the first analysis,
but all the western wind zones were excluded from the {ransfer source. This analysis determined that
1,249 MW of additional generation could be sourced from the Central and Eastern wind zones.

() EMentd ina, -wing ‘rementa [} [} BINentd 0

elfic e U IS =o)L=l NG dLeU
IA-BF 22.5 IN-E 144.9 MT-A 15.4
tA-GH1 27.4 IN-K 483.0 ND-M 2.4
IA-H2 76.0 MN-B 109.5 SD-HJ 130.1
IA-J 5.1 MN-H 254.7 SD-L 15.4
IL-F 678.6 MN-K 34.8 WI-B 230.4

Table 7.2; Incremental Wind Enabled Above 2026 Mandated Level, by Zone

In total, it was determined that 2,230 MW of additional generation could be sourced from the incremental
energy zones to serve future renewable energy mandates. When the resulls from the curtailment
analyses and the wind enabled analyses are combined, the recommended MVP portfolic enables a total
of 41 million MWhs of renewable energy to meet the renswable energy mandates.
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8 Portfolio economic benefits analyses

Multi Value Projects represent the next step in the evolution of the MISO transmission system: a regional
network that, when combined with the existing system, provides value in excess of its costs under a
variety of future policy and economic conditions. These benefits are discussed below, as well as the
analyses used to determine them.

Benefit by Value Driver 15,540.
(20to 40 year presentvalues, in 20115 Million} $226-794 2491204 i

SRR AT

$1,364-52 503

$111-5396
$12,404-
540,949 528-387

Tl

| &

; R
increased Market Efficiency Deferred Generalion " Other Capital Benefits
Investment

Figure 8.1: Recommended MVP porifclio economic benefits

8.1 Congestion and fuel savings

The recommended MVP portfolio allows for a more efficient dispatch of generation resources, opening
markets to competition and spreading the benefits of low cost generation throughout the MISO footprint.
These benefits were outlined through a series of production cost anafyses, which captured the economic
benefits of the recommended MVP transmission and the wind it enables. These benefits reflect the
savings achieved through the reduction of transmission congestion costs and through more efficient use
of gensration resources.

The future scenarios without any new energy policy requirements provide a baseline of the recommended
MVP portfolio’s benefits under current policy conditions. Additionally, the evaluaftion of the GCarbon
Gonstrained and Combinad Policy future scenarios provide "bookends,” helping to show the full range of
benefits that may be provided by the portfolio. Looking at the “Business as Usual’ future scenarios with
no new energy policies, the recommended MVP portfolio will produce an estimated $12.4 to $40.9 billion
in 20 to 40 year present value adjusted production cost benefits, depending on the timeframe, discounts
and growth rates of energy and demand. This benefit increases to a maximum present value of $91.7
billion under the Combined Policy future scenario.
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8.1.1 Production cost model development

PROMOD IV® is an inMegrated eleclric generation and transmission market simulation system, and was
the primary tool used to support economic assessment of the recommended MVP porifolio. It
incorporates details of generating unit operating characteristics and constraints, transmission constraints,
generation analysis, unit commitment/operating conditions and market system operations. it performs an
8,760-hour centralized security constrained unit commitment and economic dispaich, recognizing
generation and transmission impacts at the nodal level. It uses an hourly chronological dispatch algorithm
that minimizes cost, while recognizing a variety of operating constraints.

These include generating unit characteristics, transmission limits, fuel and environmental considerations,
reserve requirements and customer demand. It provides a wide spectrum of forecasts on hourly energy
prices, unit generation, fuel consumption, energy market prices at bus level, regional enargy
interchanges, transmission flows and congestion prices.

To be able to perform a credible economic assessment on the recommended MVP portfolio, production
cost models require detailed model input assumplions on generation, fuel, demand and energy,
transmission topology and system configuration, described bslow.

8.1.2 Models

The primary economic analysis was performed with 2021 and 2026 production cost models, with
incremental wind mandates considered for 2021, 2026 and 2031, respectively. Three various levels of
wind mandates and loads were modeled: 2021 RPS mandates and load levels, 2026 RPS mandates and
ioad levels and 2026 load levels, plus all generation enabled by the recommended MVP portfolio used to
estimate benefits in year 2031.

The transmission topology was taken from the 2021 summer peak power flow model developed through
the MTEP11 planning process. The 2026 production cost models used the same transmission topology
as 2021. The PROMQOD study footprint included the majority of the Eastern Interconnection with ISO-New
England, Eastern Canada and Florida excluded. Although these reglons have very limited impact on the
study resulits, fixed transactions were modeled to capture the influence of these regions on the rest of the
study footprint.

8.1.3 Eventfile

Production cost models use an “event file” to capture a set of transmission constraints. The constraints
ensure system reliability by performing hourly security constrained unit commitment and economic
dispatch. The event file was developed based on the latest Book of Flowgates from MISO and NERC,
updated to incorporate rating and configuration changes from concurrent studies in the MTEP11 planning
cycle. In addition, MUST AC analyses and PROMOD Analysis Tool (PAT} contingency screening
analyses were performed to identify a number of additional monitored/contingencies to ensure the most
severe limiters of the iransmission system are captured in the event file. As an integral part of the study,
stakeholders and interested parties were exiensively involved in the review of the event file.

8.1.4 Benefit measure

Comprised of 17 projects spread across the MISO footprint, the recommended MVP portfolio enables the
renewable energy delivery required by public policy mandates that could not otherwise be realized. To
determine the economic benefits of the recommended MVP portiolio, two production cost model
simulations were performed with and without the combination of the recommended MVP portfolio and the
wind it enables. The difference between these two cases provides measurable benefits associated with
the recommended MVP portfolio, focusing on Adjusted Production Cost savings according to the tariff
provisions. Adjusted Production Cost is the annual generation fleet production costs, including fuel,
variable operations and maintenance, start up cost and emissions, adjusted with off-system purchases
and sales. Adjusted Production Cost savings are achieved through reduction of fransmission congestion
costs and more efficient use of generation resources across the system.
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8.1.5 Poalicy driven future scenarios

To account for out-year public policy and economic uncertainties, MISO collaborated with its stakeholders
to refresh available future policy scenarios to better align them with potential policy outcomes taking
place. The future scenarios were designed o bookend the potential range of fuiure policy outcomes,
enswring that all of the most likely future policy scenarios and their impacts were within the range
bounded by the resulls. Four futures were refreshed and analyzed:

« Business As Usual with Continued Low Demand and Energy Growth (BAULDE) assumes that
current energy policies will be continued, with continuing recession level low demand and energy
growth projections.

* Business As Usual with Historic Demand and Energy Growth (BAUHDE) assumes that current
energy policies will be continued, with demand and energy returning to pre-recession growth
rates.

+ Carbon Constrained assumes that current energy policies will be continued, with the addition of a
carbon cap modeled on the Waxman-Markey Bill.

* Combined Energy Policy assumes multiple energy policies are enacted, including a 20 percent
federal RPS, a carbon cap modeled on the Waxman-Markey Bill, implementation of a smart grid
and widespread adoption of electric vehicles.

The various input assumptions and uncertain variables defined for each policy driven future dictate a
unique set of generation expansion plans on a least cost basis to meet regional Resource Adequacy
Requirements, detailed in Table 8.1.

BAULDE State RPS 0.78 percent 0.79 percent $5 None
BAUHDE State RPS 1.28 percent 1.42 percent $5 None
: 20 percent
Combined $50/ton {42
Energy Policy FederzaézFisPS by | 0.52 percent 0.68 percent $8 percent by 2033)
Carbon $50/ton (42
Constrained State RPS 0.03 percent 0.05 percent $8 percent by 2033)

Table 8.1: MTEP11 Future Scenarioc Assumptions

8.1.6 Economic analysis results

A holistic economic assessment for the recommended MVP portfolio was performed against a wide range
of future policy driven scenarios. This was done to minimize the risk imposed by the uncertainties around
potential policy decisions. The future scenarios without any new energy policy mandates provide a
baseline of the recommended MVP portfolio’s benefits under current policy conditions. The evaluation of
the Carbon Constrained and Combined Energy Policy future scenarios also provide "bookends” which
help show the full range of benefits that may be provided by the portfolio.
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8.1.7 Adjusted Production Cost savings and benefit spread

With the recommended MVP portfolio providing access to the lowest electric energy costs and relieving
fransmission congestion across the MISO foolprint, the portfolio brought a wide range of adijusted
production cost savings, from an estimated $12.4 to $28.3 billion in 20 year present value terms under the
four selected future scenarios, as shown in Figure 8.2.

The recommended MVP portfolio also collects renewable energy from a distributed set of wind energy
zones, enables the wind delivery and provides widespread regional benefits across the MISO footprint,
regardiess of future policy outcomes.

20 year NPV Adjusted Production Cost Savings Spread by Future
(2011$ in Millons)

$30,000 e

$25,000

$20,000 +—— -
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$5,000

BAULDE BAUHDE CombinedPolicy Carbon Constraint

Figure 8.2: Adjusted Production Cost Savings spread by future
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8.1.8 Generation displacement

Figure 8.3 summarizes the 2021 annual energy production changes between the base case and the
change case. The recommended MVP portfolio enables the delivery of renewable energy to meet the
near term RPS mandates of MISO states in a more reliable and economic manner, causing higher cost
units to be displaced by the wind resources enabled by the proposed portfolio across the MISO footprint,
Moreover, the recommended MVP portfolio allows low cost energy in the western regions to reach a
wider foolprint. It leads to a more efficient usage of generation resource across the entire study footprint,
with some level of generation displacement occurring in external regions, particulatly in PJM and SERC,

2021 BAU Annual Energy Difference by Category by Region (MWh)
Base Case Minus Change Case with MVP and Wind Enabled
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Figure 8.3: Generation displacement by region
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8.1.9 Economic Variable Impact

The projected benefits of the recommended MVFP porifolio depend on projections of future policy and
economic variables. Figure 8.4 shows the impacts of economic variable assumptions on the projected
economic benefits achieved by the recommended MVP portfolio, with the primary focus on the time of
present value calculations and discount rate.

Considering solely the ‘Business as Usual' future scenarios with no new energy policies, the
recommended MVP portfolio will produce an estimated $12.4 to $40.9 billion in 20 to 40 year present
value adjusted production cost savings, depending on the time, discount rates and rate of energy and
demand growth. This benefit would increase to a maximum present value of $91.7 biliion under the
Combined Energy Policy future scenario.

$45,000 — — — —

40,000 |- [ - 820 Year Present
$ Value, 8.2%
$35,000 Discount Rate
$30,000

# 40 Year Present
$25,000 Value, 8.2%
Discount Rate
$20,000
$15,000 ® 20 Year Present
Value, 3.0%
$10,000 Discount Rate
$5,000
$- H #40 Year Prasent
Low Demand and Energy Growth Historic Demand and Energy Value, 3.0%
Growth Discount Rate

Figure 8.4: Adjusted Production Cost Benefits from recommended MVP portfolio
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8.2 Operating reserves

in addition to the energy benefits quantified in the production cost analyses, the recommended MVP
portfolio wifl also reduce operating reserve costs. The recommended MVP portfolio decreases congestion
on the system, increasing the transfer capability into several key areas that would otherwise have to hold
additional operating reserves under certaln system conditions.

Operating
Reserve
Zones
June 2011

hewran

S Mebravka

Colveno &

_[Reaaren ons Doludtichs Time T611 ; Map Indge Cohed led oo GRORAG] 30 iy o s AN Ol

Figure 8.5: Operating reserve zones

MISO determined that the addition of the recommended MVP portfolio will eliminate the need for the
Indiana operating reserve zone, as shown in Figure 8.5, and the need for additional system reserves to
be held in other zones across the footprint would be reduced by half. This creates the opportunity to
locate an average of 690,000 MWh of operating reserves annually where it would be most economical to
do so, as opposed to holding these reserves in prescribed zones, creating benefits of $28 to $87 million in
20 to 40 year present value terms.

55
SCHEDULE JTW-1  page 058




Multi Value Project Analysis Report Portfolio economic benefils analyses

8.2.1 Analyses

Operating reserve zones are determined, on an ongoing basis, by monitoring the energy flowing through
certain flowgates across the system. The zonal operating reserve requirements, based on the actual

conditions from June 2010 through May 2011, are shown below in Table 8.2.

Missouri 95 1 95.1
Indiana 14966 53 282.4
N-Ohio 9147 15 609.8

Michigan 4915 17 289.1

Wisconsin 227 2 113.4
Minnesota 376 1 376.3

Table 8.2: Historic operating requirements

Transfer analyses were performed to determine the changes in flows due to the addition of the
recommended MVP portfolio to the system. These analyses were performed on both the most recent
model used to create the operating reserve limitations, as well as on the 2021 MTEP11 power fiow
model.

. . ' . -18.5%
Missouri |[Coffeen - Roxford 345 Newton-Xenia 345 -0.8%
. . -87.2%
indiana |Bunsonville-Eugene 345  |Casey-Breed 345 -17.5%
Dumont-Wilton Center -9.4%
Indiana [Crete-St. Johns Tap 345  [765 -4.5% '
Benton Harbor - Palisades -4.6%|
Michigan [345 Cook - Palisades 345 -10.8%
.2.39
WisconsinMWEX N/A -20.2% 3%
15.9%
MinnesotalArnold-Hazleton 345 N/A -60.9% ’

Table 8.3: Change in transfers, pre-MVP minus post-MVP

As a result of these transfer analyses, it was determined that the need for the Indiana operating zone
would be eliminated by the addition of the recommended MVP portfolio to the transmission system. Also,
it was determined that the need for operating reserve requirements in other zones throughout the MISO

footprint would be reduced by half.

The ability to focate reserves at the least-cost location, rather than in a specific zone, will drive a benefit
equal to between $5/MWh and $7/MWh. These benefits were assumed to grow with load growth, at
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roughly 1% per year. As a result, the recommended MVP portfolio will create $33 to $116 million in
present vaiue benefits.

359,195 0 354,252 177,126 713,446 177,126 $2.68 $3.75

Tabie 8.4: 2011 operating reserve reductions and quantification

8.3 System Planning Reserve Margin

The system planning reserve is calcutated by determining the amount of generation required to maintain
a one day in 10 years Loss of Load Expectation (LOLE). The reserve margin requirement is calculated
through summing two components: the unconstrained system Pianning Reserve Margin (PRM) and a
congestion contribution. The recommended MVP portfolio reduces transmission congestion across MISO,
thereby reducing the system PRM and decreasing the amount of gensration required to meet the PRM.
By reducing the PRM, the recommended MVP portfolio defers new generation, creating present vaiue
benefits equal to $1.0 to $5.1 biliion in 2011 dollars under business as usual conditions. Results for each
set of future scenarios and business case assumptions are shown in Table 8.5.

Business As Usual with Continued
Low Demand and Energy Growth

$1,460 | $1,023 | $1,869 | $1,151

Business As Usual with Historic

Demand and Energy Growth $3,811 | $1,281 | $5,093 | $1,496

Combined Energy Policy $1,610 | $971 | %2222 | $1,167

Carbon Constraint $2,145 | $1,159 | $2,747 } $1,309

Table 8.5: Planning Reserve Margin Capacity Reduction

8.3.1 Congestion Impact

Additional transmission investment may ease congestion in the system, reducing the congestion
component used to calculate the system PRM and reducing the future capacity required to meet system
load. The reduction in system congestion, as calculated through the production cost models as the
reduction in congestion cosis, was determined to be 21%.
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In the 2011 Planning Year LOLE Study Report, it was determined that the system Planning Reserve
Margin would begin to increase due to congestion in 2016. Congestion was found to increase by 0.3
percent annually, rising to 1.5 percent by 2020% and 4.5 percent by 2030.

The recommended MVP portfolio will decrease this congestion by 21 percent, when the entire portfolio is
in-service. The reduction was phased-in to account for the different in-service dates of the varicus
projects in the portfolio, with the congestion reduction starting at 3.5 percent in 2016 and growing linearly
to 21 percent by 2021. This congestion reduction was multiplied by the pre-MVP congestion to find the
total impact of the recommended MVP portfolic. This resulted in the congestion components shown in

Table 8.6.

2011 0.0 percent 0.0 percent 0.0 percent 0.0 percent
202 0.0 percent 0.0 percent 0.0 percent 0.0 percent
2013 0.0 percent 0.0 percent 0.0 percent 0.0 percent
2014 0.0 percent 0.0 percent 0.0 percent 0.0 percent
2015 0.0 percent 0.0 percent 0.0 percent 0.0 percent
2016 0.3 percent 3.5 percent 0.0 percent 0.3 percent
2017 0.6 percent 7.0 percent 0.0 percent 0.6 percent
2018 0.9 percent 10.5 percent 0.1 percent 0.8 percent
2019 1.2 percent 14.0 percent 0.2 percent 1.0 percent
2020 1.5 percent 17.5 percent 0.3 percent 1.2 percent
2021 1.8 percent 21.0 percent 0.4 percent 1.4 percent
2022 2.1 percent 21.0 percent 0.4 percent 1.7 percent
2023 2.4 percent 21.0 percent 0.5 percent 1.9 percent
2024 2.7 percent 21.0 percent 0.6 percent 2.1 percent
2026 3.0 percent 21.0 percent 0.6 percent 2.4 percent
2026 3.3 percent 21.0 percent 0.7 percent 2.6 percent
2027 3.6 percent 21.0 percent 0.8 percent 3.0 percent
2028 3.9 percent 21.0 percent 0.8 percent 3.1 percent
2029 4.2 percent 21.0 percent 0.9 percent 3.3 percent
2030 4.5 percent 21.0 percent 0.9 percent 3.6 percent

Table 8.6: Planning Reserve Margins Congestion Component

%Eor more information, refer to table 5.1 in the Planning Year 2011 LOLE Study Report, at the link below:
hitps:/Awww.misoenerqy.org/Library/Bepository/Study/L OLE/201 1%20L0LE%205udy%e20Repaort.pdf
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8.3.2 Planning Reserve Margin Reduction

The uncongested Planning Reserve Margin was set to 17.4 percent for the full study period. This margin
was summed with the congestion component, as calculated above, to find the full Planning Reserve
Margin Requirement, both with and without the recommended MVP portfolio. Figure 8.6 shows the
expected system PRM for 2011 through 2030 accounting for congestion and system PRM relief from the
recommended MVP portfolio.

23.0%

Expected System PRM for 2011-2030

22.0% -

:

20.0%

19.0%

18.0% |- . /

17.0%

Expected Planning Reserve Margin (PRM)

16-0% T ¥ T ¥ il T ¥ ¥ ¥ 3 ¥ T T T T T T T T
2011 2012 2013 2014 2015 2016 2017 2018 2018 2020 2021 2022 2023 2024 2025 2026 2027 2028 2025 2030

—=System PRM {without MVP Portfolic} —=System PRM (with MVP portfolio)

Figure 8.6: Expected System PRM, with and without the recommended MVP portfolio

8.3.3 Deferred Capacity Calculation

Sufficient generation must be built o ensure that, as the system Planning Reserve Margin increases,
enough capacity is available to meet the system load and Planning Reserve Margin requirements. A
fower PRM will require less future generation investment, resulting in a reduction in required capital
outtays.

Electric Power Research Institute (EPRI's) Electric Generation Expansion Analysis System (EGEAS) was
used to calculate the capacily benefils from PRM reduction due to transmission investment. The EGEAS
model requires load forecast data, existing generation data, planned generation capacity and Planning
Reserve Margin target as inputs.

Two series of analyses were run. The first set of analyses, representing the pre-MVP case, contained
higher Planning Reserve Margins. The second set of analyses held all the variables constant except for
the Planning Reserve Margin, modeling the lower Planning Reserve Margin creaied by the proposed
Multi Vaiue Project porifolio. The difference in the required capacity expansion between the two models
is a benefit of the recommended MVP portfoiio.
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Reference Inputs Model Outputs
Load Dala = EGEAS — AN
GenerationData {Reference Case) Capital Costs
PRM Target
GChande Inputs Model Oulputs
l.oad Data EGEAS Fixed O&M &
GeneralionDala {Change Case) Capital Cosis
PRM Target’

Portfolio economic benefits analyses

Capac”y Cost Savings = Cost Reference Case ™ Cost Change Case

Figure 8.7: Capacity cost savings will be calculated by running two EGEAS cases.

EGEAS accurately captures the type and timing of resource additions that would occur with and without
the Planning Reserve Margin (PRM) congestion relief. EGEAS outputs unit-by-unit capital fixed charge
reports for each of these new capacity additions by year from 2011 through 2030. The capital cost of
these capacity projections were then calculated as the 20-year or 40-year present values figures. These
benefits include the reduction in annual fixed operations and maintenance charges from deferred
capacity, as well as the capital charges from the reduced capacity requirements.

As can be seen in Figure 8.8 below, 400 MW of CT would be deferred by the additional of the
recommended MVP portfolio in 2020, and 200 MW would be deferred in 2024. These results were
documented for the Business as Usual with continued low demand growth rate future. Similar results

were documented for the other futures.
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8.4 Transmission line losses

The addition of the recommended MVP portfolio to the transmission network reduces overall system
losses, which also reduces the generation needed to serve the combined foad and transmission line
losses. The energy value of these loss reductions is considered in the congestion and fuel savings
benefits, but the loss reduction also helps to reduce future generation capacity needs. Specifically, when
installed generation capacity is just sufficient to meet peak system load plus the planning reserve margin,
a reduction in transmission losses reduces the amount of generation that must be buiit. This saves $111
million to $396 million in 2011 doliars, excluding the impacts of any potential future policies. Table 8.7
shows the capacity deferral results, depending on the timeline of the present value calculations, the
discount rate and future scenarios analyzed.

Business As Usual with $317 $229 $396 $251
Continued Low Pemand and

Energy Growth

Business As Usual with Historic | $111 $305 | $196 | $358
Demand and Energy Growth

Combined Energy Policy $655 | $525 | $834 | $532
Carbon Constraint $737 | $229 | $749 | $248
Table 8.7: Transmission Line Losses Capacity Deferral

8.4.1 Transmission Losses Reduction

The transmission loss reduclion was caiculated through the PSS/E model. More specifically, the
transmission line losses in the MTEP11 2021 summer peak models were compared, both with and
without the recommended MVP {ransmission, This value was then used to extrapolate the transmission
line losses for 2016 through 2021, assuming escalation at the normal demand growth rate.
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The difference in capital fixed charges and fixed operation and maintenance costs in the reference, or
pre-MVP case, and the post-MVP case is equal o the capacity benefit from fransmission loss reduction,
due to the addition of the recommended MVP portfolic to the transmission system. This capacity benefit
was studied for the four MTEP11 future scenarios and observed during the study period (2011-2030).
The capital impact of the change in capacity was then captured between 2021-2040 for a 20-year benefit
value, and 2021-2060 for a 40-year capacity benefit value. As can be seen in Figure 8.10, 200 MW of CT
is deferred in 2020 in the Business As Usual with a Low Demand and Energy Future at 8.2 percent
discount rate.

Thermal Capacity Expansion Change from Transmissfon loss Reduction
for Business As Usual with low demand and energy growth rate future
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Figure 8.10: Business as Usual with Low Demand and Energy Capacity Additions, pre and post
MVP
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8.5 Wind turbine investment

As discussed previously, MISO determined a wind siting approach that results in a low cost solution,
when transmission and generation capital costs are considered. This approach sources generation in a
combination of local and regional locations, placing wind local to load, where less transmission is
required; and regionally, where the wind is the strongest. However, this strategy depends on a strong
regional transmission system to deliver the wind energy. Without this regional transmission backbone, the
wind generaticn would have to be sited close to load, requiring the construction of significantly larger
amounts of wind capacity to produce the renewable energy mandated by public policy.
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Figure 8.11: Local versus combination wind siting
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In the RGOS study, it was determined that 11 percent less wind would need to be buiit to meet renewable
anergy mandates in a combination local/regicnal methodology relative to a local only approach. This
change in generation was applied to energy required by the renewable energy mandates, as well as the
total wind energy enabled by the recommended MVP portfolio. This resulted in a total of 2.9 GW of
avoided wind generation, as shown in Table 8.8

Pre-2016 12,408 13,802 1,394
2016 17,276 19,217 547
2021 21,173 23,552 438
2026 23,445 26,079 255
Full Wind Enabled 25,675 28,559 251

Table 8.8: Renewable Energy Requirements, Combination versus Local Approach

The incremental wind benefits were monetized by applying a value of $2.0 to $2.9 million/MW, based on
the US Energy Information Administration’s estimates of the capital costs to build onshore wind, as
updated in November 2010. The iotal wind enabled benefits were then spread between 2015 and 2030,
with half of the pre-2021 values lumped into 2021 for the purpose of this analysis. Also, to avoid
overstating the benefits of the combination wind siting, a transmission cost differential of approximately
$1.5 billion was subtracted from the overall wind turbine capital savings to represent the expected lower
transmission costs required by a local-only siting strategy.

The low cost wind siting methodoiogy enabled by the recommended MVP portfolio creates benefits
ranging from a present value of $1.4 to $2.5 billion in 2011 dollars, depending on which business case
assumptions are applied.
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8.6 Transmission investment

In addition to relieving constraints under shoulder peak conditions, the recommended MVP portfolio will
eliminate some future baseline refiability upgrades. A model simulating 2031 summer peak load
conditions was created by growing the load in the 2021 summer peak model by approximately 8 GW, and
this model was run both with and without the recommended MVP portfolio. The investment avoided
through the addition of the recommended MVP portfolio into the transmission system, as determined
through this analysis, is shown below in Table 8.9.

Galesburg to East Galesburg 138 kV Bus Tie N/A
Portage to Columbia 1 138 kV Transmission line, < 345 kV 6
Portage to Columbia 2 138 kV Transmission line, < 345 kV 6
Arrowhead to Bear Cresk 230 kV Transmission line, < 345 kV 1
Forbes 1o 44 Line Tap 115 kY Transmission line, < 345 kV 1
Stone Lake Transformer 345/161 kV Transformer N/A
Port Washington to Saukville Bus 6 138 kV Transmission line, < 345 kV 5
Port Washington to Saukville Bus 5 138 kV Transmission line, < 345 kV 5
Ipava South to Macomb West 138 kV Transmission {ing, < 345kV | 21
Lafayette Cincinnati St. to Purdue 138 kV Transmission line, < 345 kV 1
Grace VT7 to Ortonville 115 kV Transmission line, < 345kV ] 25
East Kewanee {o Kewanee South Street 138 kV | Transmission line, < 345 kV 0
Cloverdale to Stilesville 138 kV Transmission line, <345kV [ 13
Wilmarth to Field South 345 kV Transmission line, 345 kV 29
Dundee Transformer 161/115 KV Transformer N/A
Stileville to WVG Valley 138 kV Transmission line, < 345 kV 6
Lafayette South fo Lafayetie Shadeland 138 kV | Transmission line, < 345 kV 3
Purdue Nw Junction Tap 1 to Westwood 2 138kV | Transmission line, < 345 kV 3
Plainfield South to WVC Valley 138 kV Transmission line, < 345 kV 5
Antigo to Aurora Street 115 kV Transmission line, < 345 kV 2
Latham to Kickapoo 138 kV Transmission ling, < 345 kV 5
Bunker Hill to Biack Brook 115 kV Transmission line, < 345 kV 8
Grace VT7 to Morris 115 kV Transmission line, < 345kV | 14

Table 8.9: Avoided transmission investment

The cost of this avoided investment was estimated using generic transmission costs, as estimated from
projects in the MTEP database. The costs of this transmission investment was estimated to be spread
between 2027 and 2031. Also, to represent potential production cost benefits that may be missed through
avoiding this investment, the value of avoiding the 345 kV transmission line was reduced by half.
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$1.000,000

Bus Tie

Transformer $5,000,000
Transmission lines (per mile, for voltages under 345 kV)| $1,500,000
Transmission lines (per mile, for 345 kV) $2,500,000

Table 8.10: Generic transmission costs

The recommended MVP portfolio eliminates the need for basefine reliability upgrades on 23 lines
between 2026 and 2031. This creates benefits which have 20 and 40 year present values of $268 and
$1,058 million, respectively.
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Figure 8.12: Avoided transmission investment

8.7 Business case variables and impacts

The recommended MVP portfolio provides significant benefits under every scenario studied. The base
business case was built upon a fixed set of energy policies, with variances in discount rates and time
horizons driving the range of benefits. However, additional variables also have the potential to impact the
benefits provided by the recommended MVP portfolio.

The most critical variables considered were:

» Fulure energy policies
o Includes a range of policy, demand and energy growth assumptions
o Sensitivities were conducted 1o determine the impact of a legislated cost of carbon or
national renewable energy mandate
Length of Present Value Calculations: 20 or 40 years from the portfelio’s in servige date
+ Discount Rate: 3 percent or 8.2 percent
Natural gas prices: $5-$8 (Business as Usual Scenarios)
$8-$10 (Combination Policy and Carbon Constrained Futures)
+  Wind lurbine capital cost: 2.0 or 2.9 $M/MW
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To caleulate the impact of any particular variable on the benefits provided by the recommended MVP portfolio, a series of analyses were
performed. These analyses required changing a single variable, then comparing the resulting benefits and costs to a nominal case, which was
defined as a 20 year present-value under an 8.2% discount rate. The maximum benefit-cost ratio was determined to be under a 40 year present
value, using a 3% discount rate, high natural gas prices, and under the Combination Energy Policy future. The minimum benefit-cost ratio was

calculated under a 20-year present value, using an 8.2% discount rate and assuming current economic policies continue under a continued
economic recession.

Fuel Savings 16,747 $16,747 |$16,747 |$25,846 322,421 |$14,740 937,710 $21,534 $118,011 514,740
Operating
Reserves 540 $40 $40 $59 $50 $40 $40 $40 $116 533
Transmission
Line Losses $1,461 $1,461 $1,461 $3,406 $1.680 $272 $699 $1,461 $1,111 $272
System
Planning
Reserve Margin [$340 $340 $340 $262 5388 $1,216 $1,293 $340 $2.961 $1,216
Wind  Turbine
Investment $2,635 |$1,936 $3,334 $2,194 52,635 32,635 $2,635 $2,635 $2,778 $1,936
Future
Transmission

$ 295 $285 $406 $205 $268

SCHEDULE JTW-1
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Table 8.11: Recommended MVP portfolio benefits sensitivities
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Depending on which variables are assumed, the present value of the benefits created by the entire
portfolio can vary between $18.5 and $126.0 billion in 20 to 40 year present value terms. This savings
yield benefits ranging from 1.8 to 5.8 times the portfolio cost.

1 Conservative Assumptions & Broader Assumptions

All variables

Future Policy Scenario

Natural Gas Prices

5 Minimum |[Maximum

{Business Case Varlable  [BfCRatio {B/CRatio

Present Value Timespan {Nominal B/C 19
Lali variables 1.8 5.8
) [Future Policy Scerario 1.8 3.6
Discount Rate 1951 |Natural Gas Prices 19 24
. iPresent Value Timespan 1.9 2.2
Discount Rate 1.9 21
wind Turbine Capnal Cost W'ir'ld Turbine Capitla! Cost 11.9 Z.UI!
- 1.00 3.00 4.00 5.00 6.00

Figure 8.13: Benefit — cost varlations due to business case assumptions

it should be noted that the benefils of the portfolio do not depend upon the implementation of any
particular future energy policy to exceed the porifolio costs. Under existing energy policies, a conservative
discount rate of 8.2 percent and 20 year present value terms, the portfolic produces benefits that are 1.8
times its cost. However, if other energy policies or enacted, or a lower discount rate is used, this benefit
has the potential to greatly increase.
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9 Qualitative and social benefits

The previous sections demonstrated that the recommended MVP portfolio provides widespread economic
benefits across the MISO system. However, these metrics do not fully quantify the benefits of the
portfolio. Other benefits, based on qualitative or social values, are discussed in the next section. These
sections suggest that the gquantified values from the economic analysis may be conservative because
they do not account for the fuli potential benefils of the portfolio.

9.1 Enhanced generation policy flexibility

Although the recommended MVP portfolio was primarily evaluated on its ability to reliably deliver energy
required by the renewable energy mandates, the portfolio will provide value under a variety of different
generation policies. The energy zones, which were a key input into the MVP portfolio analysis, were
cregted to support multiple generation fuel types. For example, the correlation of the energy zones to the
existing transmission fines and natural gas pipelines were a major factor considered in the design of the
zones as shown in Figure 9.1,

Figure 9.1: Energy zone correlation with natural gas pipelines
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9.2 Increased system robustness

A transmission system blackout, or similar event, can have wide spread repercussions, resufting in
billions of dollars of damage. The blackout of the Eastern and Midwestern U.S. during August 2003
affectezc?I more than 50 million people and had an estimated economic impact of between $4 and $10
billion.

The recommended MVP portfolio creates a more robust regional transmission system which decreases
the likelihood of future blackouts by:

¢ Strengthening the overall transmission system by decreasing the impacts of transmission
outages.
Increasing access to additional generation under contingent events.

« Enabling additional transfers of energy across the system during severe conditions.

FHVE Projects
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v Eddsteg Tranzmission M5V
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5
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Figure 9.2: June 2011 LMP map with recommended MVP portfolio overiay

For example, the recommended MVP portfolic will allow the system to respond more efficiently during
high load periods. During the week of July 17, 2011, high lcad conditions existed in the eastern portion of
the MISO footprint, while the western portion of the footprint experienced lower temperatures and ioads.
Thermal limitations on west to east transfers across the system limited the ability of low cost generation
from the west to serve the high load needs in the east, as shown in Figure 9.2. The recommended MVP
portfolio will increase the transfer capability across the system, alfowing access to additional generation
resources to offset the impact and cost of severe or emergency conditions.

** Data sourced irom: The Economic Impacts of the August 2003 Blackout, The Electricily Consumers Resource Council (ELCON)
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9.3 Decreased natural gas risk

U.S. Natural Gas Electric Power Price
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Figure 9.3: Historic U.S. natural gas efectric power prices

Natural gas prices vary widely, causing corresponding fluctuations in the cost of energy from natural gas.
Also, recent Environmental Protection Agency {EPA) regulations and proposed regulations limiting the
emissions permissible from power plants will likely lead to more natural gas generation. This may cause
the cost of natural gas to increase as demand increases. The recommended MVP portfolio can partially
offset the natural gas price risk by providing additional access to generation that uses fuels other than
natural gas (e.g. nuclear, wind, solar and coal) during periods with high natural gas prices. Assuming a
natural gas price increase of 25 percent to 60 percent, the recommended MVP porifolio provides
approximately a 5 to 40 percent higher adjusted production cost benefits.

9.3.1 Sensitivity Assumptions

A set of sensitivity analyses were performed in PROMOD to quantify the impact of changes in natural gas
prices. The sensitivity cases maintained the same production cost modeling assumptions from the base
business case analyses, except for the gas prices. The gas prices were increased from $5 to $8/MMBtu
under the Business as Usual policy scenarios, and they were increased from $8 to $10/MMBtu under the
Carbon Constrained and Combined Energy Policy scenarios. For each fulure scenario, the gas prices
were increased starting In year 2011 and escalated by inftation thereafter,

72
SCHEDULE JTW-1 page 075




Muiti Value Project Analysis Report Qualitative and social benefits

9.3.2 Production cost benefit impact

The system production cost is driven by many variables, including fuel prices, carbon emission
regulations, variable operations, management costs and renewable energy mandates. The increase in
natural gas prices imposed additional fuel costs on the system, which in turn produced greater production
cost benefits due to the inclusion of the recommended MVP portfolio. These increased benefits were
driven by the efficient usage of renewable and low cost generation resources, as shown in

20 year NPV Adjusted Production Cost Savings by Future
(2011$ in Millons)
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Figure 9.4.
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Figure 2.4: Recommended MVP Porifolio Adjusted Production Cost savings by future
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9.3.3 Market price impact

The increase in market prices, or Locational Marginal Pricing (LMPs), was also calculated through the
PROMOD sensitivities. The LMP is driven by the characteristics of the generation fleet and congestion
on the system. With a $2-$3 increase. in natural gas prices, the generation weighted average LMP
increased by an average value of $7/MWh under a range of policy scenarios,

Annual Generation Weighted LMP with Proposed MVP Portfolio
{2011 $/MWh)
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" Figure 9.5; Annual generation weighted LMP with recommended MVP portfolio
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9.4 Decreased wind generation volatility

As the geographical distance belween wind generation increases, the correlation in the wind output
decreases. This leads to a higher average output from wind for a geographically diverse set of wind
plants, relative to a closely clustered group of wind planis. The recommended MVP portfolio will increase
the geographic diversity of wind resources that can be delivered, increasing the average wind output
available at any given time.

Wind Output Correlation vs. Distance Between Wind Sites
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Figure 9.6: Wind Output correlation to distance between wind sites
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9.5 Local investment and job creation

In addition to the direct benefits of the recommended MVP portfolio, studies have shown the indirect
economic benefits of transmission investment., They estimated that, for each million dollars of
transmission investment:

* Between $0.2 and $2.9 million of local investment is created.
» Between 2 and 18 employment years are created.”®

The wide variations in these numbers are primarily due to the extent to which materials, equipment and
workers can be sourced from a ‘local’ region. For example, each million dollars of local investment
supports 11 to 14 employment years of local employment, as compared to 2 to 18 employment years
which are created for non-location specific transmission investment.

Annual Job Creation
Due to Proposed MVP Portfolio Construction
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& 4,000 - Total Jobs Created (High)

2,000
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Year

Figure 9.7: Annual Job Creation by Recammended MVP Portfolio

The recommended MVP portfolio supports the creation of between 17,000 and 39,800 local jobs, as well
as $1.1 to $9.2 billion in local investment. This calcufation is based upon a creation of $0.3 to $1.9 million
local investment and 3 to 7 employment years per million of transmission investment. It also assumes
that the capital investment for each MVP occurred equally over the 3 years prior to the project’s in-service
date.

8 Source: Employment and Economic Benefits of Transmission infrastructure Investment in the U.S. and Canada, The Braltle
Group
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9.6 Carbon reduction

With the recommended MVP portfolio delivering significant amounts of wind energy across MISO and the
neighboring regions, carbon emissions were reduced because of the more efficient usage of the
generation fleet with conventional generation resources displaced by wind. Figure 9.8 summarizes the
carbon emission reductions in million tons for each scenario with a range of 8.3 to 17.8 million tons
annually.
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Figure 9.8: Carbon reduction by scenario
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For the Combined Energy Policy and Carbon Constrained future scenarios, a $50/ton carbon cost was
included 1o meet aggressive carbon reduction targets, as required by the proposed Waxman-Markey
legisiation. If policies were enacted that mandate a financial cost of carbon, the benefits provided by the
recommended MVP portfolio would increase by between $3.8 and $15.4 billion in 20 and 40 year present
value terms respectively, as depicted in Figure 9.9.

Potential Carbon Benefit
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Figure 9.9: Potential carbon benefits
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10 Proposed Multi Value Project Portfolio Overview
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Figure 10.1: 2011 recommended MVP portfolio

The recommended MVP portfolio consists of 17 projects spread across the MISO fooltprint. These
projects work together wilth the existing transmission network to enhance the reliability of the system,
support public policy goals and enable a more efficient dispatch of market resources. Table 10.1
desctribes the projects that make up the recommended MVP portfolio.
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1 Big Stone—Brookings sD 345 2017 5191
2 Brookings, SD-SE Twin Cities MN/SD 345 2015 $695
Lakefield Jct. Winnebago—Winco—-Buit area &
3 MN/IA 345 2016
Sheldon—-Buit area—Webster »506
4 | Winco-Lime Creek—Emery-Black Hawk-Hazleton A - 345 2015 5480
5 N. LaCrosse—N, Madison—Cardinal & Dubugque Wi 245 5018/2020 $714
Co.—Spring Green—Cardinal
6 Ellendale-Big Stone ND/SD 345 2019 $261
7 Adair-Ottumwa 1A/MO 345 2017 $149
8 Adair—Palmyra Tap MO/ 345 2018 $98
9 Palmyra Tap—Qmn9y~Mer§osta—Ipava & i 345 2016/2017 $392
Meredosia—Pawnee 1
10 Pawnee-Pana IL 345 2018 588
—_1 l —
11 Pana-Mt. Zion-Kansas—Sugar Creek IL/IN 345 2018/2019 $284
12 Reynolds—Burr Qak—Hiple IN 345 2019 8271
13 Michigan Thumb Loop expansion Ml 345 2015 $510
14 Reynolds—Greentown iN 765 2018 8245
15 Pieasant Prairie—Zion Energy Center WI/IL 345 2014 526
16 Fargo-Galesburg-Oak Grove IL 345 2018 $193
17 Sidney-Rising iL 345 2016 576
Total $5,180

Table 10.1: Recommended MVP portfolio

*® Costs shown are inclusive of iransmission underbuild upgrades and upgrades driven by short circuit requirements.

81
SCHEDULE JTW-1  page 084




Multi Value Project Analysis Report Proposed Muiti Value Project Portfolio Overview

10.1 Underbuild requirements

Tao ensure that the recommended MVP portfolic works well with the existing system to maintain reliability,
MISO conducled analyses to determine any constraints that are present with the recommended MVP
porifolio and not present without the portfolio. Any new constraints were identified for mitigations, and the
appropriate mitigation was determined in coordination with the impacted Transmission Owners.

Below is a full list of the underbuild upgrades. These upgrades were identified through the steady state
reliability analyses, using both off peak and peak models. No additional upgrades were identified through
the stability anaiyses. Overall, approximately $70 million of transmission investment is associated with the
underbuild upgrades.

Burr Oak to East Winamac 138 kV line uprate™

Lake Marian 115/69 kV transformer replacement

Arlington o Green Isle 69 KV line uprate

Columbus 69 KV transformer replacement

Casey to Kansas 345 kV line uprate
Lake Marian to NW Market Tap 69 kV line uprate
Frankiin 115/69 kV transformer replacements
Castle Rock to ACEC Quincy 69 kV line uprate
Kokomo Delco to Maple 138 kV ling uprate
Wabash to Wabash Container 69 kV line uprate
Spring Green 138/69 kV transformer replacement
Davenport to Sub 85 161 kV line uprate
West Middleton  West Towne 69 kV line uprate
Oltumwa Montezuma 345 kV line uprate |
Table 10.2: Recommended MVP portfolio underbuild requirements

30 Burr Oak to East Winamac upgrade also identified as part of the Meadow Lake wind farm upgrades.
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10.2 Portfolio benefits and cost spread

A key principle of the MISO planning process is that the benefits from a given transmission project must
be spread commensurate with its costs. The MVP cost allocation methodology distributes the costs of the
porifolio on & load ratio share across the MISO footprint, so the recommended MVP portfolio must be
shown to deliver a similar spread of benefits.

Each economic business case metric calculated for the full recommended MVP portfollo was analyzed to
determine how it would accrue to stakeholders across the footprint. These results were then rolled up to
a zonal level, based on the proposed Local Resource Zones for Resource Adequacy. This level of detail
was chosen to provide stakeholders with an understanding of the benefits spread, without getling into a
detail level which may be falsely precise due to the impact of individual stakeholder actions on actual
benefit spreads.

The allocation of each of the economic metrics is discussed in more detall befow.

10.2.1 Congestion and Fuel Savings

The Production Cost model simulations return results at a granular, generator-specific level. These
results were then rolled up from this detailed level to a zonal level.

10.2.2 Operating Reserve Benefits

The costs of Operating Reserves were allocated across the footprint on a load-ratio share basis. This
distribution matches the allocation of these costs through the MISO Energy and Anciltary Service
markets. As such, aithough certain areas in the footprint may see reductions in the Operaling Reserves
they must hold within their area, the benefits of the more economic dispatch of these resources will be
shared by the full MISO footprint.

10.2.3 System Planning Reserve Margin Benefits

The benefits accruing from the reduction in the system Planning Reserve Margin (PRM) were distributed
across the footprint on a load-ratio share basis. This allocation was selected due to the widespread
nature of the system PRM; the reduced planning margin will apply to all load in the MISO system,
reducing the capacity needs for the full system.

10.2.4 Transmission Line Loss Benefits

The benefits accruing from the reduction in transmission line losses were allocated across the footprint on
a load-ratio share basis. This approach reflects the integrated nature of the transmission system, as the
market allows generation 1o be transported large distances to remote load. This iniegrated nature is
enhanced by the inciusion of the recommended MVP portfolio into the transmission system, as
congestion is reduced, and transfer capacity is increased, across the system.
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10.2.5 Wind Turbine Investment

The benefits of reducing the required investment in wind turbines are not applicable for areas that do not have either renewable energy mandates
or goals that can be sourced from outside the area. This benefit is also enhanced for areas with lower wind capacity factors, as the differential in
wind turbine investment is substantially higher for these areas than for those with, on average, higher wind speeds. As a result, this benefit was
allocated to the zones through a weighted average of the renewable energy mandates or needs that can be sourced outside of the zone, along
with the relative wind capacity factors, when compared to the system'’s highest wind speed area.

1 38% 5% 28% 108,371 29,927 1,446 19%
2 28% 16% 10% 80,267 8,027 1,260 16%
3 36% 8% N/A 3.000 55,648 9,338 716 9%

4 28% 16% 18% 60,063 11,087 1,730 22%
5 33% 10% 14% 55,485 7,788 309 10%
6 29% 14% 9% 143,528 13,013 1,833 24%
7 28% 15% 0% 119,017 - - 0%

Table 10.3: Wind Turbine Investment Allocation®

%' Al values shown in the table exclude in-state renewable energy goals or mandates.
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10.2.6 Future Transmission Investment

Higher voliage Baseline Reliability Projects (BRPs), under Altachment FF of the MISO Tariff, are
allocated as a mixture of system wide costs and local costs. More specifically, 20% of the costs of the
transmission upgrades are allocated across the sysiem, and 80% of the project costs are allocated to
affected pricing zones.

The benefits accruing from the ability of the recommended MVP portfolio to avoid future Baseline
Reliability Project investment was allocated using this methodology.

10.2.7 Costs Distribution

The costs of the portfolio were allocated across the footprint on a load-ratio share basis, as required by
the Multi Value Project cost atlocation methodology. Additional information on the distribution of the costs
of the Multi Value Project portfolio may be found in the following section, section 10.3.

10.2.8 Zonal Benefit-Cost Ratio

MISO Local Resource Zones

Benefit/Cost Ratio Ranges

Local Resource Zones

20-33 1.8.32

18.28 1.8-238 18-30  17-30

Zone 1 Zone2:. Zoned. Zoned Zoneb  Zone&  ZoneT7:
MN, T, EasternWi 1A I KO IN KY, OH Lower bl e
ND, SR, andUpper
WesternWi 1]

Figure 10.2: Recommended MVP portfolio production cost benefits spread

The recommended MVP portfolio provides benefits across the MISO footprint in a manner that is roughly
equivalent to its costs allocation. For each of the local resource zones, as shown in Figure 10.2, the
portfolio’s benefits are at least 1.6 to 2.9 times the cost allocated to the zone.
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10.3 Cost allocation

Multi Value Projects represent a new project type eligible for cost sharing effective since July 16, 2010,
and conditicnally accepted by the Federal Energy Regulatory Commission on December 16, 2010. Multi
Value Projects provide numerous benefits, including, improved
reliability, reduced congestion costs, and mesting public policy
objectives.

The proposed Multl Value Project portfolio described in this
report includes the Michigan Thumb Loop project, approved in
August 2010; the Brookings to Minnsapolis-St. Paul project,
conditionally approved in June 2011; and 15 additional
projects being proposed to the MISO Board of Directors for
approval in December 2011, The cost of the recommended
MVP portfolio in 2011 dollars is $5.2 hillion, including the $1.2
billion in projects that have previously been approved or
conditionally approved by the MISO Board of Directors. See
Table 10.1 for individual project costs.

The costs of Mulli Value Projects will have a uniferm 100
percent regional allocation based on withdrawals and will be recovered from customers through a monthly
energy usage charge. This charge will apply to all MISO load, excliuding load under Grandfathered
Agreements, and also to export and wheelthrough fransactions not sinking in PJM,

Figure 10.3 shows a 40-year projection of indicative annual MVP Usage Rates based on the
recommended MVP portfolio using current year cost estimates and estimated in-service dates. Additional
detail on the indicative MVP Usage Rale, including indicative annual MVP charges by Local Batancing
Authority, is included in Appendix A-3 of the MTEP 11 report.
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Figure 10.3: Indicative MVP usage rate for recommended MVP porifolio from 2012 to 2051
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11 Conclusions and recommendations

MISO staff recommends the recommended MVP portfolio to the MISO Board of Directors for their review
and approval. This recommendaltion is premised on the ability of the portfolio to meet MVP criterion 1, as
each project in the portfolio was shown to more reliably enable the delivery of wind generation in support
of the renewable energy mandates of the MISO states in a cost effective manner.

The recommendation is also supported by the strong economic benefits of the porifolio, which delivers a
large amount of value in excess of costs under all conditions and policy scenarios studied. Furthermore,
these benefits are spread across the MISO footprint, in a manner commensurate with the allocation of the
portfolio’s costs.
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Executive Summary

The MTEP14 Triennial Multi-Value Project (MVP) Review provides an updated view into
the projected economic,
public policy, and qualitative
benefits of the MVP
Portfolio. The MTEP14 MVP
Triennial Review's business
case is on par with, if not stronger than MTEP11, providing evidence that the MVP
criteria and methodology works as expected. Analysis shows that projected MISO North
and Centrat Region benefits provided by the MVP Portfolio have increased since
MTEP11, the analysis from which the Porifolio’s business case was approved.

The MTEP14 results demonstrate the MVP Portfolio:

* Provides benefils in excess of its costs, with its benefit-to-cost ratio ranging from
2.6 to 3.9, an increase from the 1.8 to 3.0 range calculated in MTEP11

¢ Creates $13.1 to $49.6 billion in net benefits over the next 20 to 40 years, an
increase of approximately 50 percent from MTEP11

* Enables 43 million MWh of wind energy to meet renewable energy mandates and
goals through year 2028, an additional 2 million MWh from the MTEP11 year
2026 forecast

+ Provides additional benefits to each locat resource zone relative to MTEP11

Benefit increases are primarily congestion and fuel savings largely driven by natural gas
price assumptions.

The fundamental goal of the MISO's planning process is to develop a comprehensive
expansion plan that meets the reliability, policy, and economic needs of the system.
Implementation of a value-based planning process creates a consolidated transmission
plan that delivers regional value while meeting near-term system needs. Regional
transmission solutions, or Multi Value Projects (MVPs}, meet one or more of three
goals: '

* Reliably and economically enable regional public policy needs
* Provide multiple types of regional economic value
* Provide a combination of regional reliability and economic value

MISO conducted its first triennial MVP Portfolio review, per tariff requirement, for
MTEP14. The MVP Review has no 2 s
impact on the existing MVP Portfolio
cost allocation. MTEP 14 Review
analysis is performed solely for
informational purposes. The intent of
the MVP Review is to use the review
process and results to identify
potential modifications to the MVP
methodology and its implemeniation
for projects to be approved at a future date.
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The MVP Review uses stakehoider—vetted MTEP14 model ‘mak :
follow procedures and assumptions consistent with the MTEP11 analysis. Metrics that
required any changes to the benefit valuation due to changing tariffs, procedures or
conditions are highlighted. Consistent with MTEP11, the MTEP14 MVP Review
assesses the benefits of the entire MVP Portfolio and does not differentiate between
facilities currently in-service and those still being planned. Because the MVP Portfolio’s
costs are allocated solely to the MISO North and Central Regions, only MISO North and
Central Region benefits are included in the MTEP 14 MVP Triennial Review.

Public Policy Benefits

The MTEP14 MVP Review reconfirms the MVP Portfolio’s ability to deliver wind
generation, in a cost-effective manner, in support of MISO States’ renewable energy
mandates. Renewable Portfolio Standards assumptions' have not changed since the
MTEP11 analysis.

Updated analyses find that 10.5 GW of year 2023 dispatched wind would be curtailed in
lieu of the MVP Portfolio, which extrapolates to 56 percent of the 2028 full RPS energy.
MTEP11 analysis showed that 63 percent of the year 2026 full RPS energy would be
curtailed without the installation of the MVP Portfolio. The MTEP14 calculated reduction
in curtailment as a percentage of RPS has decreased since MTEP11, primarily because
post-MTEP11 transmission upgrades are represenied and the actual physical location
of installed wind turbines has changed slightly since the 2011 forecast.

fn addition to allowing energy to not be curtailed, analyses determined that 4.3 GW of
wind generation in excess of the 2028 requirements is enabled by the MVP Portfolio.
MTEP11 analysis determined that 2.2 GW of additional year 2026 generation could be
sourced from the incremental energy zones. The results are the essentially the same for
both analyses as the increase in wind enabled from MTEP 2011 is primarily attributed to
additional load growth. The MTEP 2011 analysis was performed on a year 2026 model
and MTEP 2014 on year 2028.

When the results from the curtailment analyses and the wind enabled analyses are
combined, MTEP 2014 results show the MVP Portfolio enables a total of 43 million
MWh of renewable energy to meet the renewable energy mandates through 2028.
MTEP 2011 showed the MVP Portfolio enabled a similar level renewable energy
mandates — 41 million MWh through 2026.

! Assumplions include Renewable Portiflio Standard levels and fulfiilment methods
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Economlc Beneﬂts
MTEP14 analysis shows the Multi-Value Portfolio creates $21.5 to $66.8 billion in total
benefits to MISO North and Central Region members (Figure E-1). Total portfolio costs
have increased from $5.56 billion in MTEP11 to $5.86 billion in MTEP14. Even with the
increased portfolio cost estimates, the increased MTEP14 congestion and fuel savings
and transmission line losses benefit forecasts resuit in portfolio benefit-to-cost ratios
that have increased since MTEP11.

Benefit by Value Driver sa27.91205 $21451-  $8.303-
{20 [0 40 year present values, in 20148 milifon) $2,192-52,523 $66,816 $17,192
S o
$17,363- 50 $948-32,746  $201-51,079

$59,576

§13,148-
540,623

$8.822-
§31,037

Increased Markat Deferred Generation Qther Capital Benefits
Efficiency Investment

Figure E-1: MVP Portfolio Economic Benefits from MTEP14 MVP Triennial Review
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The bulk of the increase in benefits is due to an increas T atural
price forecast in MTEP14 compared to MTEP11. In addition, the MTEP15 natural gas

assumptions, which will be used in the MTEP15 MVP Portfolio Limited Review, are
lower than the MTEP14 forecast. Under each of the natural gas price assumption
sensitivilies, the MVP Portfolio is projected to provide economic benefits in excess of
costs (Table E-1).

MTEP 14 — MVP Triennial Beview 21,451 — 66,816 26-39
MTEP11 17,875 -54,186 2.2-32
MTEP15 o 18,472 — 56,670 22-33

Table E-1: MVP Portfolio Economic Benefits - Natural Gas Price Sensitivities?

Increased Market Efficiency

The MVP Portfolio allows for a more efficient dispatch of generation resources, opening
markets t¢ competition and spreading o SmE T
the benefits of low-cost generation
throughout the MISO fooiprint. The
MVP Review estimates that the MVP
Porifolio will yield $17 to $60 billion in
20- to 40-year present value adjusted
production cost benefits to MISO's North and Central Regions — an increase of up to 40
percent from the MTEP11 net present value.

The increase in congestion and fuel savings benefits relative to MTEP11 is primarily
due to an increase in the out-year natural gas price forecast assumptions (Figures E-2).
The increased escalation rate causes the assumed natural gas price to be higher in
MTEP14 compared to MTEP11 in years 2023 and 2028 - the two years from which the
congestion and fuel savings results are based (Figure E-2).

The MVP Portfolio allows access to wind units with a nearly $0/MWh production cost
and primarily replaces natural gas units in the dispatch, which makes the MVP
Portfolio’s fuel savings benefit projection directly related to the natural gas price
assumption. A sensitivity applying the MTEP11 Low BAU gas prices assumption to the
MTEP14 MVP Triennial Review model showed a 29.3 percent reduction in the annual
year 2028 MTEP14 congestion and fuel savings benefits (Figure E-2).

Post MTEP14 natural gas price forecast assumptions are more closely aligned with
those of MTEP11 (Figure E-2). A sensitivity applying the MTEP15 BAU natural gas
prices to the MTEP14 analysis showed a 21.7 percent reduction in year 2028 MTEP14
adjusted production cost savings.

2 Sensitivity performed applying MTEP11/MTEP15 natural gas price io the MTEP 4 congestion and fuel savings madel. All other
benefit valuations uachanged from the MTEP14 MVP Triennial Review.
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MISO membership changes have little net effect on benefi- ! -
of Duke Ohio/Kentucky and First Energy from the MISO pool decreases beneflts by 7.4
percent relative to the MTEP14 total benefits; however, per Schedule 39, 6.3 percent of
the total portfolio costs are aliocated to Duke Ohio/Kentucky and First Energy, thus
there is a minimal net effect to the benefit-to-cost ratio.

The MVP Portfolio is solely located in the MISO North and Central Regions and
therefore, the inclusion of the MISO South Region to the MISO dispatch pool has little
effect on MVP-related production cost savings (Figure E-2).
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Figure E-2: Breakdown of Congestion and Fuel Savings Increase from MTEP11 to
MTEP14

in addition to the energy benefits quantified in the production cost analyses, the 2011
business case showed the MVP Portfolio also reduces operating reserve costs. The
MVP Review does not estimate a reduced operating reserve benefit in 2014, as a
conservative measure, because of the decreased number of days a reserve
requirement was calculated since the MTEP 11 analysis.

Deferred Generation Investment

The addition of the MVP Portfolio to the transmission network reduces overall system
losses, which also reduces the generation needed to serve the combined load and
transmission line fosses. Using current capital costs, the deferment from loss reduction
equates to a MISO North and Central Regions' savings of $291 to $1,079 million -
neariy double the MTEP11 values. Tightening reserve margins, from an additional
approximate 12 GW of expected coal generation retirements, have increased the value
of deferred capacity from transmission losses in MTEP14. In addition to the tighter
reserve margins, a one year shift forward in MVP Portfolio in-service dates since
MTEP11 has increased benefits by an additional 30 percent.

The MTEP14 MVP Review estimates the MVPs annually defer more than $900 million
in future capacity expansion by increasing capacity import limits, thus reducing the local
clearing requirements of the system planning reserve margin reguirement. [n the 2013
planning year, MISO and the Loss of Load Expectation Working Group improved the
methodology that establishes the MISO Planning Reserve Margin Requirement
{PRMR). Previously, and in the MTEP11 analysis, MISO developed a MISO-wide
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PRMR with an embedded congestion compo P 10 ye:
methodology no longer uses a congestion component but rather calculates a more
granular zonal PRMR and a local clearing requirement based on the zonal capacity
import limit. While terminology and methods have changed between MTEP11 and
MTEP14, both calculations capture the same benefit of increased capacity sharing
across the MISO region provided by the MVPs; as such, MTEP14 and MTEP11 provide
benefit estimates of similar magnitudes.

Other Capital Benefits

Benefits from the optimization of wind generation siting and the elimination of need for
some future baseline reliability upgrades remain at similar levels to those estimated in
MTEP11. A slight increase in MTEP 14 wind turbine investment benefits relative to
MTEP11 benefits is from an update to the wind requirement forecast and wind enabied
calculations.

Consistent with MTEP11, the MTEP14 MVP Triennial Review shows that the MVP
Portfolio eliminates the need for $300 million in future baseline reliability upgrades. The
magnitude of estimated benefits is in close proximity to the estimate from MTEP11;
however, the actual identified upgrades have some differences because of load growth,
generation dispatch, wind levels and transmission upgrades.
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Distribution of Economic Benefits

The MVP Portfolio provides benefits across the MISO footprint in a manner that is
roughly equivalent to costs allocated to each
local resource zone (Figure E-3). The MVP
Portfolio's benefits are at least 2.3 to 2.8 times
the cost allocated to each zone. As a result of
changing tariffs/business practices (planning
reserve margin requirement and baseline reliabiity prolect cost allocatlon) toad growth,
and wind siting, zonal benefit distributions have changed slightly since MTEP11.

77777 MISO North and Central Local Resource
[ Zonas

Benefit/Cost Ratio Ranges

Local Resource Zones

Zora 4. Zene 6 Tona T
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wi & MIEP 2014 a MTEP 20517 £

* Valveisthe avarage of the Low and Hislorical
Demand and Energy Business as Usval Futures

Figure E-3: MVP Portfolio Total Benetit Distribution
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Qualitative and Social Benefits
Aside from widespread economic and public policy benefits, the MVP Portiolio also
provides benefits based on qualitative or social values. The MVP Portfolio:

e Enhances generation flexibility

» Creates a more robust regional transmission system that decreases the
likelihood of future blackouts

» Increases the geographic diversity of wind resources that can be delivered,
increasing the average wind output available at any given time

» Supporis the creation of thousands of local jobs and billions in local investment

* Reduces carbon emissions by 9 to 15 million tons annually

These benefits suggest quantified values from the economic analysis may be
conservative because they do not account for the full potential benetits of the MVP
Portfolio.

Going Forward

MTEP15 and MTEP16 will feature a Limited Review of the MVP Portfolio bensfits. Each
Limited Review will provide an updated assessment of the congestion and fuel savings
using the latest portfolio costs and in-service dates. Beginning in MTEP17, in addition to
the Full Triennial Review, MISO will perform an assessment of the congestion costs,
energy prices, fuel costs, planning reserve margin requirements, resource
interconnections and energy supply consumption based on historical data.
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1. Study Purpose andw rivers

Beginning in MISO Transmission Expansmn Plan (MTEP) 2014 MISO has a tnenn:al
tariff requirement to conduct a fult
review of the Multi-Value Project
{MVP} Portfolio benefits. The MTEP14
Triennial MVP Review provides an
updated view into the projected
economic, public policy and qualitative
benefits of the MTEP11 approved MVP
Portfolio.

The MVP Review has no impact on the existing MVP Portfolio cost aliocation. Analysis
is performed solely for information purposes. The intent of the MVP Reviews is to use
the review process and results to identify potential modifications to the MVP
methodology and its implementation for projects io be approved at a future date. The
MVP Reviews are intended to verify if the MVP criteria and methodology is working as
expected.

The MVP Review uses stakeholder vetted models and makes every effort to follow
consistent procedures and assumptions as the Candidate MVP, also known as the
MTEP11 analysis. Any metrics that required changes to the benefit valuation due to
revised tariffs, procedures or conditions are highlighted throughout the report. Wherever
practical, any differences between MTEP14 and MTEP11 assumptions are highlighted
and the resulting differences quantified.

Consistent with MTEP11, the MTEP14 MVP Review assesses the benefits of the entire
MVP Portfolio and does not differentiate between facilities currently in-service and those
stili being planned. The latest MVP cost estimates and in-service dates are used for all
anaiyses.
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2. Study Background

The MVP Portfolio (Figure 2-1 and Table 2-1) represents the cuimination of more than
eight years of planning efforts to find a cost-effective reglonal transmission solution that
meets local energy and reliabililty needs.

In MTEP11, the MVP Portfolio was justified based its ability to:

Transmission by Vaitage

Provide benefits in excess of its costs under all scenarios studied, with its
benefii-to-cost ratio ranging from 1.8 to 3.0.

Maintain system reliability by resolving reliability violations on approximately 650
elements for more than 6,700 system conditions and mitigating 31 system
instability conditions.

Enable 41 million MWh of wind energy per year to meet renewable energy
mandates and goals.

Provide an average annual value of $1,279 million over the first 40 years of
service, at an average annual revenue requirement of $624 million.

Support a variety of generation policies by using a set of energy zones which
support wind, natural gas and other fuel sources.

765K 10 800 KV.

Figure 2-1: MVP Portfolio®

3 Figurs for illustrative purpeses only. Final Fne routing may differ.
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1 | Big Stone-Brookings SD 345
2 | Brookings, SD-SE Twin Cities MN/SD 345
3 Lakefield Jet.—Winnebago-Winco—Burt Area &
Sheldon—-Burt Area-Wehster MN/IA 345
Winco—Lime Creek—Emery-Black Hawk—
4 1A 345
Hazleton
L.aCrosse-N. Madison—Cardinal & Dubuque Co-
3 . . wi 345
Spring Green—Cardinal
6 | Ellendale-Big Stone ND/SD 345
7 | Adair-Ottumwa IA/MO 345
8 | Adair-Palmyra Tap MO/IL 345
g Palmyra Tap—Quincy—Merdosia—Ipava &
Meredosia-Pawnee IL 345
10 | Pawnee-Pana iL 345
11 | Pana-Mt. Zion—Kansas—Sugar Creek IL/IN 345
12 | Reynolds—Burr Oak-Hiple IN 345
13 | Michigan Thumb Loop Expansion Mi 345
14 | Reynolds—Greentown IN 765
15 | Pleasant Prairie-Zion Energy Center WVIL 345
16 | Fargo-Galesburg-Oak Grove IL 345
17 | Sidney-Rising L 345

In 2008, the adoption of Renewable Portfolio Standards (RPS) (Figure 2-2) across the
MISO footprint drove the need for a more regional and robust transmission system to
deliver renewable resources from often remote renewable energy generators to load

centers.

Table 2-1: MVP Portfolio
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Mo N
il 15% by 2021
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Figure 2-2: Renewable Portfolio Standards - 2011

Beginning with the MTEP 2003 Exploratory Studies, MISO and stakeholders began to
explore how to best provide a value-added regional planning process to complement
the local planning of MISO members. These explorations continued in later MTEP
cycles and in specific targeted studies. In 2008, MISO, with the assistance of state
regulators and industry stakeholders such as the Midwest Governor’s Association
{MGA), the Upper Midwest Transmission Development Initiative (UMTDI) and the
Organization of MISO States (OMS), began the Regional Generation Outlet Study
(RGOS) to identify a set of value-based transmission projects necessary to enable Load
Serving Entities (LSEs) to meet their RPS mandates.

While much consideration was given to wind capacity factors when developing the
energy zones utilized in the RGOS and MVP Portfolio analyses, the zones were chosen
with consideration of more factors than wind capacity. Existing infrastructure, such as
transmission and natural gas pipelines, also influenced the selection of the zones. As
such, although the energy zones were created to serve the renewable generation
mandates, they could be used for a variety of different generation types to serve various
future generation policies.

Common elements between the RGOS results and previous reliability, economic and
generation interconnection analyses were identified to create the 2011 candidate MVP
portfolio. This portfolio represented a set of “no regrets” projects that were believed to
provide multiple kinds of reliability and economic benefits under ali alternate futures
studied. Over the course of the MVP Portfolio analysis, the Candidate MVP Portfolio
was refined into the portfolio that was approved by the MISO Board of Directors in
MTEP11,

The MVP Partfolio enables the delivery of the renewable enerqy required by public
policy mandates in a manner more reliable and economical than without the associated
transmission upgrades. Specifically, the portfolio mitigates approximately 650 reliability
constraints under 6,700 different transmission outage conditions for steady state and
transient conditions under both peak and shoulder load scenarios. Some of these
conditions could be severe enough to cause cascading outages on the system. By
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mitigating these constraints, approximatéiy 41 million MWh'per year of renewable
generation can be delivered to serve the MISO state renewable portfolio mandates.

Under all future policy scenarios studied, the MVP Portfolic delivered widespread
regional benefits to the transmission system. To use conservative projections relating
only to the state renewable portfolio mandates, only the Business as Usual future was
used in developing the candidate MVP business case.

The projected benefits are spread across the system, in a manner commensurate with
costs (Figure 2-3).

} MISO Local Resource Zones

A

i
Benefit/Cost Ratio Ranges

Local Resource Zonhes

20-33
. g 828 1832 1830 47.30

1.6-2.9

Zonel:  Zonel2. Zeoned Zened:  Zoneb:  Zoned:  Zenel:
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Western 2]

Figure 2-3: MTEP11 MVP Porifolio Benefit Spread

Taking into account the significant economic value created by the portfolio, the
distribution of these value, and the ability of the portfolio to meet MVP criteria through its
reliability and public policy benefits, the MVP Portfolio was approved by the MISO Board
of Directors in MTEP11.
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3. MTEP14 Review M@ﬁdeﬁbevelcpment'-:

The MTEP14 MVP Triennial Review uses MTEP14 economic models as the basis for
the analysis. The MTEP14
economic models were
developed in 2012 and
2013 with topology based
on the MTEP13 series MISO powerflow models. To maintain consistency between
economic and reliability models, MVFP Triennial Review reliability analysis was
performed with MTEP 13 vintage powerflows.

The MTEP models were developed through an open stakeholder process and vetted
through the MISO Planning Advisory Committee. The details of the economic and
reliability models used in the MTEP14 MVP Triennial Review are described in the
following sections. The MTEP models are publically available via the MISO FTP site
with proper licenses and confidentiality agreements.

3.1 Economic Models

The MVP Benefit Review uses PROMOD |V as the primary tool to evaluate the
economic benefits of the MVP Portfolio. The MTEP14 MISQ North/Central economic
models, stakeholder vetted in 2013, are used as the basis for the MTEP14 Review. The
same economic models are used in the MTEP14 North/Central Market Congestion
Planning Study, formerly known as the Market Efficiency Planning Study.

Consistent with the MTEPT1 MVP
business case?, the MTEP14 Review
relies solely on the Business as Usual
{BAU} future.

The MTEP14 BAU future is defined as:
A status quo environment that assumes
a sfow recovery from the economic downturn and its impact on demand and energy
projections. This scenario assumes existing standards for renewable mandates and little
or no change in environmental legislation.

MTEP11 had two definitions of the BAU future — a typical MTEP Planning Advisory
Committee defined future and a slightly modified version from the Cost Allocation and
Regional Planning {CARP) process. For the purposes of this report the two MTEP 11
BAU futures are identified by their load growth rates — one with a slightly higher baseline
growth rate and one with a slightly lower growth rate (Table 3-1). Based on current
definitions, the MTEP14 BAU future’s demand and energy growth rate is closest to the
MTEP11 BAU-Low Demand and Energy, but the natural gas price is closest to the
MTEP11 BAU-High Demand and Energy (Table 3-1). The MTEP 14 BAU future is most
representative of the average of the MTEP11 Low and High BAU futures; as such, all
MTEP14 Triennial MVP Review resuits in this report will be compared to the arithmetic
mean of the MTEP11 Low BAU and High BAU results.

4 The Candidate MVP Analysis provided results for information purposes under all MTEP 11 fulure scenarios; however, the business
case only used the Business as Usual futures.
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Demand and Demand Growth 1.06 percent 1.26 percent 1.86 percent
Energy Rate
Energy Growth 1.06 percent 1.26 percent 1.86 percent
Rate
Natural Gas Starting Point 3.48 $/MMBTU 5 $/MMBTU 5 $/MMBTU
Forecast® 2018 Price 581 $¥/MMBTU  5.64 /MMBTU  6.11 $/MMBTU
2023 Price 7.76 $/MMBTU  6.15 $/MMBTU  7.05 $/MMBTU
2028 Price 9.83 $/MMBTU  6.70 $/MMBTU  8.14 $/MMBTU
Fuel Cost Qil Powerbase Powerbase Powerbase
(Starting Price) ‘ Default Default Default
Coal Powerbase Powerbase Powerbase
Default Defauit Default
Uranium 1.14 $/MMBTU  1.12$/MMBTU  1.12 $/MMBTU
Fuel Escalations Oil 2.50 percent 1.74 percent 2.91 percent
Coal 2.50 percent 1.74 percent 2.91 percent
Uranium 2.50 percent 1.74 percent 2.91 percent
Emission Costs S02 0 0 0
NOx 0 0 0
X co2 0 0 0
Other Variables Inflation 2.50 percent 1.74 percent 2.91 percent
Retirements Known + EPA Known Known
Driven Forecast Retirements Retirements
MISO ~12,600 MISO ~400 MW  MISO ~400 MW
MW
Renewable Levels State Mandates  State Mandates  State Mandates
MISO Footprint Duke and FE in MTEP11 MTEP11
PJM; includes
MISO South

Table 3-1: MTEP14 and MTEP11 Key PROMOD Model Assumptions

Models include all publically announced retirements as well as 12,600 MW of baseline
generation retirements driven by environmental regulations. Unit-specific retirements
are based on a MISO Planning Advisory Committee vetted generic process as the
results of the MISO Asset Owner EPA Survey are confidential.

MISO footprint changes since the MTEP11 analysis are modeled verbatim to current®
configurations, i.e. Duke Ohio/Kentucky and First Energy are modeled as part of PJM
and the MISO pool includes the MISO South Region. While the MISO pool includes the
South Region, only the MISO North and Central Region benefits are baing included in
the MTEP14 MVP Triennial Review's business case.

;MTEPH and MTEP13 use different natural gas escalation methodologies
As of July 2014
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MTEP13 powerflow modeis for the year 2023 are used as the base transmissio
topology for the MVP Triennial Review. Because there are no significant transmission
topology changes known between years 2023 and 2028, the 2028 production cost
modeis use the same transmission topology as 2023.

PROMOD uses an “event file” to provide pre- and post-contingent ratings for monitored
transmission lines. The latest MISO Book of Flowgates and the NERC Book of
Flowgates are used to create the event file of transmission constraints in the hourly
security constrained model. Ratings and configurations are updated for out-year models
by taking into account all approved MTEP Appendix A projects.

3.2 Capacity Expansion Models

The MTEP14 Triennial Review decreased transmission line losses benefit (Section 6.4)
is monetized using the Electricity Generation Expansion Analysis System (EGEAS)
model. EGEAS is designed by the Electric Power Research Institute to find the least-
cost integrated resource supply plan given a demand level. EGEAS expansions inciude
traditional supply-side resources, demand response, and storage resources. The
EGEAS model is used annually in MISO’s MTEP process to identify future capacity
needs beyond the typical five-year project-planning horizon.

The EGEAS optimization process is based on a dynamic programming method where
all possible resource addition combinations that meet user-specified constraints are
enumerated and evaluated. The EGEAS objective function minimizes the present value
of revenue requirements. The revenue requirements include both carrying charges for
capital investment and system operating costs.

MTEP14 Triennial MVP Review analysis was performed using the MTEP14 BAU future,
developed in 2012 and 2013. The capacity model shares the same input database and
assumptions as the economic models (Section 3.1).
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3.3 Reliability Models

To maintain consistency between economic and reliability models, MTEP13 vintage
MISO powerflow models are used as the basis for the MTEP14 MVP Triennial Review
reliability analysis. The MTEP14 economic models are developed with topology based
on the MTEP13 MISO powerflow models. Siemens PT| Power System Simulator for
Engineering (PSS E) and Power System Simulator for Managing and Utilizing System
Transmission (PSS MUST) is utilized for the MTEP14 MVP Triennial Review.

Powerflow models are built using MISO's Model on Demand (MOD)} model data
repository. Models include approved MTEP Appendix A projects and the Eastern
Interconnection Reliability Assessment Group (ERAG) Multiregional Modeling Working
Group (MMWG) modeling for the externai system. Load and generation profiles are
seasonal dependent (Table 3-2). MTEP powerflow models have wind dispaiched at 90
percent connected capacity in Shoulder models and 20 percent in the Summer Peak.

Additional wind units were added to the MTEP14 MVP Triennial Review cases to meet
renewable portfolio standards.

Demand is grown in the Future Transmission Investment case using the extrapolated
growth rate between the year 2018 MTEP13 Summer Peak case and the 2023 MTEP13
Summer Peak Case.

Wind C

Wind Enabled 2023 MTEP13 Shoulder with Wind at 2028 Levels
Transmission Line Losses 2023 MTEP13 Summer Peak

Future Transmission 2023 MTEP13 Summer Peak with Demand and Wind at
Investment 2033 Levels

Table 3-2: Reliability Models by Analysis

3.4 Capacity Import Limit Models

The MTEP13 series of MISO powerflow models updated for the 2014 Loss of Load
Expectations (LOLE) study are used as the basis for the MTEP14 MVP Triennial
Review capacity import limit analysis. Siemens Power Technology International Power
System Simulator for Engineering (PSS E) and Power System Simutator for Managing
and Utilizing System Transmission (PSS MUST) were utilized for the LOLE analyses,
which produced results used in the MTEP14 MVP Triennial Review analysis.

Wind modsling and dispatch assumptions for LOLE studies were updated since
completion of the 2014 LOLE analysis. These changes were applied to the MVP
Triennial Review models so the Triennial analysis is using the up-to-date LOLE study
methodology. Consistent with the current LOLE methodology, MISO wind dispatch was
set at the wind capacity credit level. Applicable updates to generation retirements or
suspensions were applied to the MTEP14 Triennial Review Models.

Zonal Local Clearing Requirements are calculated using the capacity import limits that
are identified using PSS MUST transfer analysis. The MTEP14 MVP Triennial Review
incorporates capacity import limits calculated using a year 2023 model both with and
without the MVP Portfolio.
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PSS MUST contingency files from Coordinated Seasonal Assessi (CS
MTEP’ reliability assessment studies were used in the MTEP14 MVP Review (Tabie 3-
3}. Single-element contingencies in MISO and seam areas were evaluated in addition to
submitted files.

2014-15 Planning Year | 2013 Summer CSA

‘5-year-out peak MTEP13 study
Table 3-3: Contingency files per model

PSS MUST subsystem files include source and sink definitions. The PSS MUST
monitored file includes all facilities under MISQO functional control and seam facilities
100 kV and above.

Additional details on the models used in the Planning Reserve Margin benefit estimation
can be found in the 2014 Loss of Load Expectation Report.

3.5 Loss of Load Expectation Models

MISQ utilizes the General Electric-developed Multi-Area Reliability Simulation (MARS)
program to calculate the loss of load expectation for the applicable planning year. GE
MARS uses a sequential Monte Carlo simulation to model a generation system and
assess the system’s reliability based on any number of interconnected areas. GE MARS
calculates the annual |.OLE for the MISO system and each Local Resource Zone (LRZ)
by stepping through the year chronologically and taking into account generation, load,
load modifying and energy efficiency resources, equipment forced oulages, planned
and maintenance outages, load forecast uncertainty and external support.

The 2014 planning year LOLE modeis, updated to include generation retirements, were
the basis for the MTEP14 MVP Triennial Review models. Additional model details can
be found in the 2014 Loss of Lo_ad Expectation Report.

7 Refer to sections 4.3.4 and 4.3.6 of the Transmission Planning BPM for more information regarding MTEP PSS MUST input files.
nttos ey, miscenergy.org/ Javouts/MISO/ECM/Redirect.aspx?iD=19215
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4. Project Costis and In-Service Dates

The MTEP14 MVP Triennial Review cost and in-service data is referenced from the
MTEP Quarter One 2014 Report — dated April 11, 2014 (Figure 4-1).

Bia Stene-Brookings sD
2 [Brookings, SD-SE Tedn Citizs raysn] 201120158 209321
3 |Lakefiedd Jet. - Winnebago-\Winco-Surt ares & Sheldon-Burt Area-Webster | Mn/iA] 2015:2016] 2016-3018)
4 |Winco-Uave Creek-Emesy-Black Hawk-Hazellon 1A '20.‘15_' 20152018
N. LaCrosse-N. Madison-Cardinal {3/%/a Badger-Covlee Prafect) & Bubuque
5 . . VIIfiA
0.-Spring Green-Cardinal
6 [Big Stone South - Eflendale ) NDfSD
7 |Adair-Cuunws : 18/2301 2017-2020 101
8 |Adair-Pamyrs Tap MO |2016:2018 20162018
9 |Paimyra Tap-Quiney-Merdosia-Ipava & heredosia-Pawnes KOfIL miﬁ-'l_bl? 24.)15'»_.2'1317
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14 |Reynelds-Graentown S wo | o] o
15 {Peasant Pra'rie-Zion Energy Centes wi
16 [Fargo-Galesburg-Oak Grove iL
§7  |S¥Iney-Rising L Pendng 7]
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Figure 4-1: MVP Cost éind In-Service Dates - MTEP11 version MTEP14°

For MTEP14, ali benefit calculations start in year 2020, the first year when all projects
are in service. For MTEP11, year 2021 was the first year when the MVP Portfolio was
expected in-service.

The costs contained within the MTEP database are in nominal, as spent, dollars.
Nominal dollars are converted to real dollars for net present value benefit cost
calculations using the facility ievel in-service dates. To obtain a real value in 2020
dollars from the nominal values in the MTEP database each facility's cost escalates
using a 2.5 percent inflation rate from in-service year to 2020.

A load ratio share was developed to allocate the benefit-to-cost ratios in each of the
seven MISO North/Central local resource zones (LRZ). Load ratios are based off the
actual 2010 energy withdrawals with an applied Business as Usual (BAU} MTEP growth
rate applied.

8 ) .
All costs in nominal dolfars.

SCHEDULE JTW-2  page 021




MTEP14 MVP Triennial Review benefit-to-cost ca

to MISO North and Central members. Therefore it is necessary to exclude costs paid by
parties outside of MISO via exports and costs paid by Duke Ohio/Kentucky and First
Energy pursuant to Schedule 39. Consistent with MTEP 11, export revenue is estimated
as 1.94 percent of the total MVP Portfolio costs. Schedule 39 is estimated as 6.24
percent of the total portfolio costs. MISO South Region benefits are excluded from all
estimations.

Total costs are annualized using the MISO North/Central-wide average Transmission
Owner annual charge rate/revenue requirement. Consistent with the MTEP11 analysis
and other Market Efficiency Projects, the MTEP14 MVP Triennial Review assumes that
costs start in 2020, such as year one of the annual charge rate is 2020 and construction
work in progress (CWIP) is excluded from the total costs.

v
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5. Portfolio Public Policy Assessm

The MTEP14 MVP Triennial Review redemonstrates the MVP Portfolio’s ability to
enable the renewable energy
mandates of the footprint.
Renewable Portfolio Standards
assumptions® have not changed
since the MTEP11 analysis and any
changes in capacity requirements
are solely attributed to load forecast
changes and the actuai installation of wind turbines.

This analysis took place in two parts. The first part demonstrated the wind needed to
meet renewable energy mandates would be curtailed but for the approved MVP
Portfolio. The second demonstrated the additional renewable energy, above the
mandate, that will be enabled by the portfolio. This energy could be used to serve
mandated renewable energy needs beyond 2028, as most of the mandates are indexed
to grow with load.

5.1 Wind Curtailment

A wind curtailment analysis was performed to find the percentage of mandated
renewable energy that could not be enabled but for the MVP Portfolio.

The shift factors for all wind machines were calculated on the worst NERGC Category B
and C contingency constraints of each monitored element identified in 2011 as
mitigated by the MVP Portfolio. The 488 monitored element/contingent element pairs
(flowgates) consisted of 233 Category B and 255 Category C contingency events.
These constraints were taken from a blend of projected 2023 and 2028 wind levels with
the final calculations based on the projected 2028 wind levels.

Since the majority of the MISO West Region MVP justification was based on 2023 wind
levels, it was assumed that any incremental increase to reach the 2028 renewable
energy mandated levels would be curtailed. A transfer of the 279 wind units, sourced
from both committed wind units and the Regional Generation Outlet Study (RGOS)
energy zones {o the system sink, Browns Ferry in the Tennessee Valley Authority, was
used to develop the shift factors on the flowgates.

Linear optimization logic was used to minimize the amount of wind curtailed while
reducing loadings to within line capacities. Similar to the MTEP11 justifications, a target
loading of less than or equal to 95 percent was used. Fifty-four of the 488 flowgates
could not achieve the target loading reduction, and their targets were relaxed in order to
find a solution.

9 Assumptions include Renewable Portflic Standard levels and fulfilment methods
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The algorithm found that 8,315 MW of year 20
was also assumed that any additional wind in the West to meet Renewable Portfoilo
Standard {RPS) levels would be curtailed. This equated to 1,212 MW of dispatched
wind. As a connected capacity, 11,697 MW would be curtailed, as the wind is modeled
at 90 percent of its nameplate. The MTEP14 results are similar in magnitude to
MTEP11, which found that 12,201 MW of connected wind would be curtailed through
2026.

The curtailed energy was calculated to be 32,176,153 MWh from the connected
capacity multiplied by the capacity factor times 8,760 hours of the year. A MISO-wide
per-unit capacity factor was averaged from the 2028 incremental wind zone capacities
to 31.4 percent. Comparatively, the fuil 2028 RPS energy is 57,019,978 MWh. As a
percentage of the 2028 full RPS energy, 56.4 percent would be curtailed in lieu of the
MVP Portfolio. MTEP11 analysis showed that 63 percent of the year 2026 full RPS
energy would be curtailed without the installation of the MVP Portfolio. The MTEP14
calculated reduction in curtailment as a percentage of RPS has decreased since
MTEP11, primarily because post-MTEP11 transmission upgrades are represented and
the actual physical location of installed wind turbines has changed slightly since the
2011 forecast.

5.2 Wind Enabled

Additional analyses were performed to determine the incremental wind energy in excess
of the 2028 requirements enabled by the approved MVP Portfolio. This energy could be
used to meet renewable energy mandates beyond 2028, as most of the state mandates
are indexed to grow with load. A set of three First Contingency Incremental Transfer
Capability (FCITC) analyses were run on the 2028 model to determine how much the
wind in each zone could be ramped up prior to additional reliability constraints
occurring.

Transfers were sourced from the wind zones in proportion to their 2028 maximum
output. All Bulk Electric System (BES) elements in the MISO system were monitored,
with constraints being flagged at 100 percent of the applicable ratings. All single
contingencies in the MISQ footprint were evaluated during the transfer analysis. This
transfer was sunk against MISO, PJM, and SPP units (Table 5-1). More specifically, the
power was sunk to the smallest units in each region, with the assumption that these
small units would be the most expensive system generation.

MISO 33 percent
PJM 44 percent
SPP 23 percent

Table 5-1: Transfer Sink Distribution
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MTEP14 analysis determined that 4,335 MW of additional year 2028 generation cou

be sourced from the incremental energy zones to serve future renewable energy
mandates (Table 5-2). MTEP11 analysis determined that 2,230 MW of additional year
2026 generation could be sourced from the incremental energy zones. The results are
the essentially the same for both analyses as the increase in wind enabled from
MTEP11 is primarily attributed to additional load growth. MTEP 11 analysis was
performed on a year 2026 model and MTEP 14 on year 2028.

I
MI-C IN-K 70
MI-D WI-B 491
MI-E WI-D 452
MI-F WI-F 144
M-I MO-C 347
IL-F 167 MO-A 599

Table 5-2: Incremental Wind Enabled Above 2028 Mandated Level, by Zone

Consistent with the MTEP11 analysis, incremental wind enabled was calculated using a
multiple pass technigue — a first pass where wind is sourced from ail wind zones, and a
second where wind is sourced from just wind zones east of the Mississippi River.
System-wide transfers from west to east across this boundary have historically been
limited, and the first transfer limitations are seen along this corridor.

In the MTEP14 Review, no additional wind was enabled in much of the West. The
MTEP14 Review power flow madel had significantly stronger base dispatch flows from
the Western portion of the system compared o the MTEP11 analysis. A first transfer
including all zones east of the Mississippi as well as those from Missouri enabled the
addition of 2,334 MW nameplate wind, at which point the wind zones in Michigan began
meeting system limits. That wind was added to the model, and the analysis repeated for
a second pass. The second transfer sourced wind from the Eastern wind zones minus
those in Michigan, allowing an addition of 584 MW of nameplate wind, at which point a
wind zone in Missouri met a local limit. The last transfer was performed leaving out the
Missouri zone, and 1,416 MW of additional nameplate wind was enabled, before
meeting a transfer limit in West-Central lllinois.

When the results from the curtailment analyses and the wind enabled analyses are
combined, MTEP14 resulis show the MVP Portfolio enables a total of 43 million MWh of
renewable energy to meet the renewable energy mandates through 2028. MTEP11
showed the MVP Portfolio enabled a similar level renewable energy mandates — 41
million MWh through 2026.
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6. Portiolio Economic Analysis

MTEP14 estimates show the Multi-Value Portfolio creates $13.1 to $49.6 billion in net
benefits to MISO North and
Central Region members, an
increase of approximately 50
percent from MTEP11
(Figure 6-1). Increases are
primarily congestion and fuel
savings driven by natural gas prices. Total portfolio costs have increased from $5.56
biillion in MTEP11 to $5.86 billion in MTEP14. Even with the increased portfolio cost
estimates, the increased MTEP14 benefit estimation results in portfolio benefit-to-cost
ratios that have increased from 1.8 to 3.0 in MTEP11 to 2.6 to 3.9 in MTEP 14,

Benefit by Value Driver ' s327.81203 21451 $8.303
{20 1o 40 year present values, in 2014$ mitiion) $2,192-52,523 ' 566,815 $i7,182
g;gggg so 594652746  $291-51,079 E%EMM

s

513,148-
549,623

58,822-
$31,037

Increased Market Deferred Genaration Qther Capltal Beneflts
Efflclency Investment

Figure 6-1: MVP Portfolio Economic Benefits from MTEP14 MVP Triennial Review
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The bulk of the increase in benefits is due to an increase in the assurmed naturaf gas
price forecast in MTEP14 compared to MTEP11. In addition, the MTEP15 natural gas
assumptions, which will be used in the MTEP15 MVP Portfolio Limited Review, are
lower than the MTEP14 forecast. Under each of the natural gas price assumption
sensitivities, the MVP Portfolio is projected to provide economic benefits in excess of
costs (Table 6-1).

MTEP14 — MVP Triennial Review 21,451 - 66,816 26-3.9
MTEP11 | 17,875 — 54,186 22-32
MTEP15 18,472 — 56,670 22-33

Table 6-1: MVP Portfolio Economic Benefits - Natural Gas Price Sensitivities"

The MVP Portfolio provides benefits across the MISO footprint in a manner that is
roughly equivalent to cost allocated to each North and Central Region local resource
zones (Figure 6-2). MTEP14 MVP Triennial Review results indicate that benefit-to-cost
ratios have increased in all zones since MTEP11. Portfolio’s benefits are at least 2.3 to
2.8 times the cost allocated to each zone. Zonal benefit distributions have changed
slightly since the MTEP11 business case as a result of changing tariffs/business
practices (planning reserve margin requirement and baseline reliability project cost
allocation), load growth, and wind siting. As state demand and energy forecasts change
and additional clarity is gained in to the location of actual wind turbine instaliation so
does the siting of forecast wind.

MISO North and Central Local Resource

Zones

Benefit/Cost Ratio Ranges

L.ocal Resource Zones

Zone L Zove 2: Zom X Zone 4 dene % o b Zane 1:
MU, MT ND,  f25ten\W iA i Wao M RY, 08 Lower M3

$0, Westem asd Lippar b
WA «MTEP 2014 B MIEP 20117 !,

" Value isthe average of the Low and Hislerizal
Demand ard Enorgy Business as Usual Fulures

Figure 6-2: MVP Portfolio Production Cost Benefit Spread

10 Sensitivity performed applying MTEP11/MTEP15 natural gas price to the MTEP 14 congsstion and fuel savings modal. Al other
benefit valuvations unchanged from the MTEP14 MVP Triennial Review.
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MVP Portfolio benefits under lower natural gas price sensitivities are at least 1.9 10 2.5
times the cost aflocated to each zone (Figure 6-3). Under each natural gas price
sensitivity benefits are zonally distributed in a manner roughly equivatent to the zonal
cost allocation.

MISO North and Ceniral Local Resource

Zones

Benefit/Cost Ratio Ranges

Local Resource Zones

e

-
o
~
i

5

333
J 2.4-33

done 1t Lone 2; oned fona 4.

LoMe b Lone bl Zone [: Lower
PN, MT, 4D, Fadtern'W) 1A it o BN, XY, OH Nt N ——
0. WWEI“E‘“ andUpper MU 1 MYERLA Triennlal Review & MIEP11 Natural Gas "2 f‘

B MTEPLS Natural Gas

Figure 6-3: MVP Portfolio Production Cost Benefit Spread — Natural Gas Price
Sensitivities"

n Sensitivity performed applying MTEP11/MTEP15 natural gas price to the MTEP 14 congestion and fuel savings mode!. All other
benefit valuations unchanged from the MTEP14 MVP Triennial Review.
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6.1 Congestion and FueI.S.avings

The MVP Portfolio allows for a more efficient dispatch of generation resources, opening
markets to competition and spreading the benefits of low-cost generation throughout the
MISO footprint. These benefits
were outlined through a series of
production cost analyses, which
capture the economic benefits of
the MVP transmission and the
wind it enables. These benefits
refiect the savings achieved
through the reduction of transmission congestion costs and through more efficient use
of generation resources.

Congestion and fuel savings is the most significant portion of the MVP benefits (Figure
6-1). The MTEP14 Triennial MVP Review estimates that the MVP Portfolio will yield $17
to $60 billion in 20- to 40-year present value adjusted production cost benefits,
depending on the timeframe and discount rate assumptions. This value is up 22 percent
to 44 percent from the original MTEP11 valuation (Table 6-2).

Table 6-2: Congestion and Fuel Savings Benefit ($M-2014)

The increase in congestion and fuel savings benefits relative to MTEP11 is primarily
from an increase in the out-year natural gas price forecast assumptions (Figures 6-4, 6-
5, and 6-6). In 2013, as part of the futures development, the MISO Planning Advisory
Committee adopted a natural gas price escalation rate assumption sourced from a
combination of the New York Mercantile Exchange (NYMEX) and Energy information
Administration (EIA) forecasts. The MTEP14 assumed natural gas price escalation rate
is approximately 7.2% per year'®, compared to 1.74% per year in MTEP11. The
increased escalation rate causes the assumed natural gas price to be $1.61/MMBTU
higher in MTEP14 than MTEP11 in year 2023 and $3.13/MMBTU higher in year 2028 -
the two years from which congestion and fuel savings results are based.

12 Average of the High and Low MTEP11 BAU Futures
3 2.5% of the assumed MTEP 14 natural gas price escatation rate represents inflation . Inflation rate added to the NYMEX and EIA
sourced growth rate.
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The MVP Portfolio allows access to wind units with n Al
and primarily replaces natura! gas units in the dispatch', which makes the MVP
Partfolio’s fuel savings benefit projection directly related to the natural gas price
assumption. A sensitivity applying the MTEP11 Low BAU gas prices assumption to the
MTEP14 MVP Triennial Review model showed a 29.3 percent reduction in the annual
year 2028 MTEP14 congestion and fuel savings benefits (Figure 6-5). Approximately
68% of the difference between the MTEP11 and MTEP14 congestion and fuel savings
benefit is attributable to the natural gas price escalation rate assumed in MTEP14
(Figure 6-6).

Post MTEP14 natural gas price forecast assumptions are more closely aligned with
those of MTEP11 (Figure 6-4). A sensitivity applying the MTEP15 BAU natural gas
prices to the MTEP14 analysis showed a 21.7 percent reduction in year 2028 MTEP14
adjusted production cost savings.
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e MTEP11 esesMTEP14 «-+« MTEP15
Figure 6-4: Natural Gas Price Forecast Comparison

MISO membership changes have little net effect on benefit-to-cost ratios. For example if
Duke Ohio/Kentucky and First Energy’s benefits and costs are either both included or
excluded the benefit-to-cost ratio calculation vields similar results. The exclusion of
Duke Ohio/Kentucky and First Energy from the MISO pool decreases benefits by 7.4

“In the year 2028 simulation, the MVP enabled wind reptaced 66% natural gas, 33% coal, and 1% other fueled units in the
dispatch
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percent relative to the MTEP14 total benefits; however, per‘Schédule 39, 6.3'percent 0
the total portfolio costs are allocated to Duke Ohio/Kentucky and First Energy, thus
there is a minimal net effect to the benefit-to-cost ratio.

The MVP Portfolio is solely located in the MISO North and Central Regions and
therefore, the inclusion of the South Region to the MISQ dispatch pool has little effect
on MVP related production cost savings (Figure 6-5).

Because demand and energy levels are similar between the MTEP11 Low BAU and
MTEP14 cases, the updated demand and energy assumptions have little relative effect.
Other Differences is calculated as the remaining difference between the MTEP14
saving and the sum of MTEP11 2026 APC Savings, Inflation, Natural Gas Prices,
Footprint Changes, and Demand and Energy values. The largest modeling assumption
differences in the Other Differences category is Environmental Protection Agency driven
generation retirements, forecast generation siting, and topology upgrades. Other
Differences also includes the compounding/synergic effects of all categories together.

100%

13.0%

29.3% - 0.6%

2.9%

56.9%

e

7 T = T T T  — 8
MTEP 2011 Inflation Natural Gas  MISO South  Demand and Other MTEP 2014
2026 APC Price Membership Energy Differences 2028 APC
Savings* ’ Addition Savings
*Excludes Duke Ohio/Kentud;)'r - MTEP 2011 Business Case inciuded Duke Ohia/Kentucky but excluded First Energy
Figure 6-5: Breakdown of Annual Congestion and Fuel Savings Benefit Increase

from MTEP11 to MTEP14 — Values a percentage of MTEP14 year 2028 Adjusted
Production Cost (APC) Savings
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Membership Energy (Retirements,
Addition Compounding,
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Figure 6-6: Breakdown of Annual Congestion and Fuel Savings Benefit Increase
from MTEP11 to MTEP14 — Values a percentage of difference between MTEP14
year 2028 and MTEP11 year 2026 Adjusted Production Cost {APC) Savings

The MTEP14 MVP Triennial Review economic analysis was performed with 2023 and
2028 BAU future production cost models, with incremental wind mandates considered
for 2023, 2028 and 2033. The 2033 case was used as a proxy case to determine the
additional benefits from wind enabled above and beyond that mandated by the year
2028 (Section 5.2).

SCHEDULE JTW-2  page 032




6.2 Operating Reserves

In addition to the energy benefits quantified in the production cost analyses, the 2011
business case showed the MVP Portfolio also reduce operating reserve costs. The
2011 business case showed that the MVP Portfolio decreases congestion on the
system, increasing the transfer
capability into several areas that
would otherwise have to hold
additional operating reserves
under certain system conditions.
While MTEP14 analysis shows
the MVP Portfolio improves
flows on the flowgates for which the reserves are calculated (Table 6-3), as a
conservative measure, the MTEP 14 Triennial MVP Review is not estimating a reduced
operating reserve benefit. Since MTEP11, a reserve requirement has been calculated
only a limited number of days (Table 6-4).

Indiana Bunsonville - Eugene 345 Casey - Breed 345 -15.0 percent

Indiana Crete - St. Johns Tap 345 | Dumont-Wilton Center 7651 3.0 percent

Michigan |Benton Harbor - Palisades 345] Cook - Palisades 345 -9.4 percent

Wisconsin MWEX N/A -11.6 percent

Minnesota Arnold-Hazleton 345 N/A 23.9 percent

Table 6-3: Change in Transfers; Pre-MVP minus Post-MVP
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Missouri/Illinois'® 95 1 95.1 0 0 0
Indiana 14966 53 282.4 0 0 0
Northern Ohio 9147 15 609.8 N/A N/A N/A
Michigan 4915 17 289.1 0 0 0
Wisconsin 227 2 113.4 0 0 0
Minnesota 376 1 376.3 32 2 16

MTEP11 MVP analysis concluded that the addition of the MVP Portfolio eliminated the
need for the indiana operating reserve zone and the reduction by half of additional
system reserves held in other zones across the footprint. This created the opportunity to
locate an average of 690,000 MWh of operating reserves annually where it would be
most economical to do so, as opposed to holding these reserves in prescribed zones.
MTEP 11 estimated benefits from reduced operating reserves of $33 to $82 million in 20

Table 6-4: Historic Operating Requirements

to 40 year present value terms {Table 6-5).

3 percent Discount Rate;

40 Year Net Present Vaiue

20 Year Net Present Value 50
8 percent Discount Rate; i 34
20 Year Net Preseni Value
3 percent Discount Rate; ) 84
40 Year Net Present Value
8 percent Discount Rate; i 42

Triennial Reviews may provide a different result.

15 The Missouri Reserve Zone was changed to lllinois in 2012, The llinois Reserve Zane was eliminated in September 2013

18 Average of the High and Low MTEP11 BAU Futures

Table 6-5: Reduction in Operating Reserves Benefit ($M-2014)

As operating reserve zones are determined on an ongoing basis, by monitoring the
energy flowing through flowgates across the system, the benefit valuation in future MVP
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6.3 Planning Reserve i\fiargm Requirementis

MTEP14 MVP Triennial Review
analysis estimates the MVPs
annually defer more than 800 MW in
capacity expansion by increasing
capacity import limits thus reducing
the local clearing requirements of the
planning reserve margin requirement.
Local clearing requirements are the amount of capacity that must be physically located
within a resource zone to meet resource adequacy standards. The MTEP14 Review
estimates that the MVPs increase capacity sharing between local resource zones
(LRZ), which defers $946 to $2,746 million in future capacity expansion (Table 6-7).

In the 2013 planning year, MISO and the Loss of Load Expectation Working Group
improved the methodology that establishes the MISO Planning Reserve Margin
Requirement (PRMR). Previously, and in the MTEP11 analysis, MISO developed a
MISO-wide PRMR with an embedded congestion component. The Candidate MVP
Analysis showed the MVP Portfolio reduces total system congestion and thus reduces
the congestion component of the PRMR. The MVP Portfolio aliows MISO to carry a
decreased PRMR while maintaining the same system reliability. The post-2013 planning
year methodology no longer uses a single congestion component, but instead
calculates a more granular zonal PRMR and a local clearing requirement based on the
zonal capacity import fimit. While terminology and methods have changed between
MTEP11 and MTEP14, both calculations are capturing the same benefit of increased
capacity sharing across the MISO region provided by the MVPs; as such, MTEP14 and
MTEP11 provide benefit estimates of similar magnitudes (Table 6-6).

2:(3) [i,eer;: I{’a &te? gf:suerr:[t ?!E:!%;e 1440 2,846

Table 6-6: Local Clearing Requirement Benefit ($M-2014)

1 Average of the High and Low MTEP11 BAU Futures
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Loss of load expectation (LOLE) analysis was perfo
local clearing requirement of the planning reserve margin reqmrement due to MVP
Portfolio. This analysis used the 2014-2015 Planning Reserve Margin (PRM) 10-year
out {2023) case. Capacity import limit increases from the MVPs were captured by
comparing the zonal capacity import limits of a case with the MVP Porifolic to a case
without inclusion of the MVP Portfolio. The 2023 Local Reliability Requirement (LRR) for
each LRZ was determined by running GE MARS. Local clearing requirements were
calculated for both the “with” and "without” MVP cases by subtracting the CIL values
from the LRR values (Table 6-7).

2023 Unforced
Capacity (MW)

17,683 | 14,592 | 9,646 | 10,664 | 8,135 | 19,735 | 24,833 [A]

2023 Local Reliability
Requirement

Unforced Capacity 21,515} 15,737 | 11,696 | 12,754 | 10,998 | 21,222 } 25,793 B]

(MW)

No MVP Capacily

Import Limit (CIL) | 5,326 | 2,958 | 1,198 | 4,632 | 5,398 | 5,328 | 3,589 [C]

(MW)

MVP Capacity Import

Limit | 5576 | 3,387 | 2925 | 9,634 | 4,328 | 5,761 | 3,648 [D]

(MW)

No MVP CIL Local

Clearing | 16,189 | 12,779 | 10,498 { 8,122 { 5,600 | 15,894 {22,204 | [E}=[B}-[C]

Requirement (MW) '

With MVP CIL Local

Clearing | 15,939 | 12,351 | 8,771 | 3,220 | 6,670 | 15,461 ] 22,145 | [F}=[B}-{D]

Requirement (MW)

Excess capacity after

LCR with No MVP CIL | 1,394

(MW)

Excess capacity after

LCRwithMVP CIL | 1,644 | 2242 | 875 | 7,444 | 1,465 | 4274 | 2,688 | [H]=[A]-[F]

(MW)

Deferred Capacity

Value $75.8 [1=[G)*CONE

{$M-2014)

Table 6-7: Deferred Capacity Value Calculation
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The MTEP14 MVP Triennial Review analysis shows the MVP Portfolio allows 852'MW -
of capacity expansion deferral in LRZ 3. The deferred capacity benefit is valued using
the Cost of New Entry (CONE) (Table 6-8). It's important to note that the capacity
expansion deferral benefit may or may not be realized due to future market design
changes around external resource capacity qualification.

The MTEP14 MVP Triennial Review methodology does not capture the MVP benefit to
the capacity import of LRZ 5. This limitation is driven by the selection of generation used
to perform import studies. MISO's LOLE methadology defines the selection of
generation used as the source for a transfer study based on a zone's Local Balancing
Area (LBA) ties. Based on its LBA ties, import studies indicate LRZ 5 primatily uses
generation from the MISO South Region since its LBA ties in the North and Central
Regions have very limited available capacity. The MVP facilities are not used to transfer
power from the South Region so a benefit for LRZ 5 is not quantified.

89,500
90,320
88,450
89,890
91,610
89,670
7 90,100
Table 6-8: Cost of New Entry for Planning Year 2014/15"

(B (W[N]

8 From MISC Business Practice Manual 011 Resource Adequacy — Janvary 2014
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6.4 Transmission Line Losses

The addition of the MVP Portfolio to the transmission network reduces overall system
losses, which also reduces the
generation needed to serve the
combined load and transmission
line losses. The energy value of
these loss reductions is considered
in the congestion and fuel savings
benefits, but the loss reduction also helps to reduce future generation capacity needs.

The MTEP14 Review found that sysiem losses decrease by 122 MW with the inclusion
of the MVP Portfolio. MTEP11 estimates that the MVPs reduced losses by 150 MW.
The difference between MTEP11 and MTEP14 results is attributed to decreased system
demand, the MISO North and Central Regions membership changes, and transmission
topology upgrades in the base model.

Tightening reserve margins, from an additional approximate 12 GW of expected
generation retirements due mostly to emissions compliance restrictions, have increased
the value of deferred capacity from transmission losses in MTEP14. In MTEP 11,
baseload additions were not required in the 20-year capacity expansion forecast to
maintain planning reserve requirements. In MTEP11, the decreased transmission
losses from the MVP Portfolio allowed the deferment of a single combustion turbine. In
MTEP14, the decreased losses cause a large shift in the proportion of baseload
combined cycle units and peaking combustion turbines in the capacity expansion
forecast.

In addition 1o the tighter reserve margins, a one-year shift forward in the MVP Portfolio
expected in-service date relative to MTEP11, has increased benefits by approximately
30 percent. In MTEP11, the MVP Portfolio’s expected in-service date was year 2021. In
MTEP 14, the MVP’s Portfolio’s expected in-service date has shifted to year 2020. Given
current reserve margins, additional capacity is needed as soon as year 2016 to maintain
out-year reserve requirements. The in-service date shift forward allows earlier access to
the 122 MW of reduced losses which allows earlier and less discounted deferment of
capagcity expansions.

The combined result of the tighter reserve margins and in-service date shift has caused
the estimated benefits from reduced transmission line losses to more than double
compared to the MTEP11 values (Table 6-9). Using current capital costs, the deferment
equates to a savings of $291 to $1,079 million ($-2014), excluding the impacts of any
potential future policies.
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2% Q%rgre rlzlte?;is’fé)suen:t F\{/ae:;?je 734 227
20 voar Net Prosent vaue| 2 267
“4o voar Net Prosent vatuo| 107 315
40 voar Net Prosent value| %" 327

Table 6-9: Transmission Line Losses Benefit ($M-2014)

The benefit valuation methodology used in the MTEP14 Review is identical to that used
in MTEP11. The transmission loss reduction was calculated by comparing the
transmission line losses in the 2023 summer peak powerflow model both with and
without the MVP Portfolio. This value was then used to extrapolate the transmission line
losses for 2018 through 2023, assuming escalation at the business as usual demand
growth rate. The change in required system capacity expansion due to the impact of the
MVP Portfolio was calculated through a series of EGEAS simulations. In these
simulations, the total system e
generation requirement was set
to the system PRMR multiplied
by the system load plus the
system losses (Generation
Reguirements = (1+PRMR)*(Load + Losses)). To isolate the impact of the transmission
line loss benefit, all variables in these simulations were held constant, except system
losses.

The difference in capital fixed charges and fixed operation and maintenance costs in the
no-MVP case and the post-MVP case is equal to the capacity benefit from transmission
loss reduction, due to the addition of the MVP portfclic to the transmission system.

6.5 Wind Turbine Invesiment

During the Regional Generator Qutlet Study (RGOS), the pre-cursor to the Candidate
MVP Study, MISO developed a wind siting approach that results in a low-cost solution
when transmission and generation capital costs are considered. This approach sources
generation in a combination of local and regional locations, placing wind focal to load,
where less transmission is required; and regionally, where the wind is the strongest
(Figure 6-7). However, this strategy depends on a strong regional transmission system
to deliver the wind energy. Without this regional transmission backbone, the wind
generation has to be sited close to load, requiring the construction of significantly larger
amounts of wind capacily to produce the renewable energy mandated by public policy.

19 Average of the High and Low MTEP11 BAU Futures
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Figure 6-7: Local versus Combination Wind Siting

The MTEP14 Triennial MVP Review found that the benefits from the optimization of
wind generation siting remain similar in magnitude since MTEP11 (Table 6-10). The
slight increase in MTEP 14 benelits relative to MTEP11 is from an update to the wind
requirement forecast and wind enabled calculations. The MTEP14 Review found that
the MVPs reduce turbine capital investments by 3,262 MW through 2028, compared to

2,884 MW through 2026 in MTEP11.

Table 6-10: Wind Turbine Investment Benefit ($M-2014)

20 Average of the High and Low MTEP11 BAUY Futures
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In the RGOS study, it was determined that 11 percent less wind would heed t6 be built
to meet renewable energy mandates in a combination local/regional methodology
relative to a local only approach. This change in generation was applied to energy
required by the renewable energy mandates, as well as the total wind energy enabied
by the MVP Portfolio (Section 5). This resulted in a total of 3.2 GW of avoided wind
generation {Table 6-11).

Pre-2018 16,403 18,246 1,843
2018 20,289 22,568 2,279
2023 22,946 25,524 2,578
2028 24,702 27,477 2,775
Full Wind Enabled 29,037 32,299 3,262
Table 6-11: Renewable Energy Requirements, Combination versus Local
Approach

The incremental wind benefits were monetized by applying a value of $2 to $2.8
million/MW, based on the U.S. Energy Information Administration’s estimates of the
capital costs to build onshore wind?®'. The total wind enabled benefits were then spread
over the expected life of a wind turbine. Consistent with the MTEP11 business case that
avoids overstating the benefits of the combination wind siting, a transmission cost
differential of approximately $1.5 billion was subtracted from the overall wind turbine
capital savings to represent the expected lower transmission costs required by a local-
only siting strategy.

& Value as of November 2013
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6.6 Future Transmission fﬁvestment

Consistent with MTEP11, the MTEP14 MVP Triennial Review shows that the MVP
Portfolio eliminates the need for $300 million in future baselme rellablhty upgrades
(Table 6-12). The magnitude of i ; ' ;
estimated benefits is in close
proximity to the estimate from
MTEP11; however, the actual
identified upgrades have some
differences because of bus-level
load growth, generation dispatch, wind levels and transmission upgrades.

2% ;z%rgf &te?;:s’rcgsueﬂt F\{gti;e 674 521
0 Your Not prosent Value| 27 286
o Your Net Prosent Vaiue| 11223 931

Table 6-12: Future Transmission Investment Benefits ($M-2014)

Reflective of the post-Order 1000 Baseline Reliability Project cost aliocation
methodology, capital cost deferment benefits were fully distributed to the LRZ in which
the avoided investment is physically located; a change from the MTEP11 business case
that disfributed 20 percent of the costs regionally and 80 percent locally.

A model simulating 2033 summer peak load conditions was created by growing the load
in the 2023 summer peak model by approximately 8 GW. The 2033 model was run both
with and without the MVP Portfolio to determine which out-year reliability violations are
eliminated with the inclusion of the MVP Portfolio (Tabie 6-13).

& Average of the High and Low MTEP11 BAU Futures
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New Catlisle - Olive 138 kV Transmission line, < 345 kV 2.0
Reynolds 345/138 kV Transformer Transformer N/A
Lee - Lake Huron Pumping Tap 120 kV | Transmission line, < 345 kV 8.5
Waterman - Detroit Water 120 kV Transmission line, < 345 kV 2.9
Dresden - Electric Junction 345 kV Transmissicn line, 345 kV 31.1
Dresden - Goose Lake 138 kV Transmission line, < 345 kV 5.8
Golf Mill - Niles Tap 138 kV Transmission line, < 345 kV 2.5
Boy Branch - Saint Francois 138 kV Transmission line, < 345 kV 7.1
Newton - Robinson Marathon 138 kV  { Transmission line, < 345 kV | 34.3
Weedman - North Leroy 138 kV Transmission line, < 345 kV 3.6
Wilmarth - Eastwood 115 kV Transmission line, < 345 kV 4.6
Swan Lake - Fort Ridgely 115 kV Transmission line, < 345 kV | 13.2
Black Dog - Pilot Knob 115 kV Transmission line, <345kV | 10.3
Lake Marion - Kenrick 115 kV Transmission ling, < 345 kV 3.5
Johnson Junction - Ortonville 115 kV Transmission line, < 345 kV | 24.7
Maquoketa - Hillsie 161 kV Transmission line, <345 kV | 12.0
New lowa Wind - Lime Creek 161 kV Transmission line, < 345 kV 10
Lore - Turkey River 161 kV Transmission line, < 345 kV | 19.6
Lore - Kerper 161 kV Transmission ling, < 345 kV 7.0
Salem 161 kV Bus Tie Bus Tie N/A
8th Street - Kerper 161 kV Transmission line, < 345 kV 2.6
Rock Creek 161 kV Bus Tie Bus Tie N/A
Beaver Channel 161 kV Bus Tie Bus Tie N/A
East Calamus - Grand Mound 161 kV | Transmission line, < 345 kV 2.6
Dundee - Coggon 161 kV Transmission line, <345 kV | 18.1
Sub 56 (Davenport) - Sub 85 161 kV Transmission line, < 345 kV 3.8
Vienna - North Madison 138 kV Transmission line, < 345 kV 0.2
Townline Road - Bass Creek 138 kV Transmission line, <345 kV | 11.8
Portage - Columbia 138 kV Ckt 2 Transmission line, <345 kV | 5.7
Portage - Columbia 138 kV Ckt 1 Transmission line, < 345 kV 5.7
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Table 6-13: Avoided Transmission Investment
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The cost of this avoided investment was valued u

g9
estimated from projects in the MTEP database and recent transmission planning studles
(Table 6-14). Generic estimates, in nominal dollars, are unchanged since the MTEP11
analysis. Transmission investment costs were assumed to be spread between 2029 and
2033. To represent potential production cost benefits that may be missed by avoiding
this transmission investment, the 345 kV transmission line savings was reduced by half.

Bus Tie $1,000,000
Transformer $5,000,000
Transmission lines {per mile, for voltages under 345 kV) $1,500,000
Transmission lines (per mile, for 345 kV) $2,500,000

Table 6-14: Generic Transmission Costis
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7. Qualitative and Social Benefits

Aside from widespread economic and public policy benefits, the MVP Portfolio also
provides benefits based on
qualitative or social values.
Consistent with the MTEP11
analysis, these benefits are
excluded from the business
case. The quantified values
from the economic analysis
may be conservative because
they do not account for the full potential benefits of the MVP Portfolio.

7.1 Enhanced Generation Flexibility

The MVP Portfolio is primarily evaluated on its ability 1o reliably deliver energy required
by renewable energy mandates. However, the MVP Portfolio also provides value under
a variety of different generation policies. The energy zones, which were a key input into
the MVP Portfolio analysis, were created to support multiple generation fuel types. For
example, the correlation of the energy zones to the existing transmission lines and
natural gas pipelines were a major factor considered in the design of the zones (Figure
7-1).

,

F'QUfe 7-1: Energy Zon Corrélatlon wuh"NaturaI Gas Pipelines
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7.2 Increased Systeim Robustness

A transmission system blackout, or similar event, can have wide spread repercussions
and result in billions of dollars of damage. The blackout of the Eastern and Midwestern
United States in August 2003 affected more than 50 million people and had an
estimated economic impact of between $4 and $10 billion.

The MVP Portfolio creates a more robust regional transmission system that decreases
the likelihood of future blackouts by:
* Strengthening the overall transmission system by decreasing the impacts of
fransmission outages
* |[ncreasing access to additional generation under contingent events
* Enabling additional transfers of energy across the system during severe
conditions

7.3 Decreased Natural Gas Risk

Natural gas prices vary widely (Figure 7-2) causing corresponding fluctuations in the
cost of energy from natural gas. In addition, recent and pending U.S. Environmental
Protection Agency regulations limiting the emissions permissible from power plants will
likely lead to more natural gas generation. This may cause the cost of natural gas to
increase along with demand. The MVP Portfolio can partially offset the natural gas price
risk by providing additional access to generation that uses fuels other than natural gas
(such as nuclear, wind, solar and coal) during periods with high natural gas prices.
Assuming a natural gas price increase of 25 percent to 50 percent, 2014 analysis shows
the MVP Portfolio provides approximately a 24 to 45 percent higher adjusted production
cost benefits.
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Figure 7-2: Historic Henry Hub Natural Gas Prices

A set of sensitivity analyses were performed to quantify the impact of changes in natural
gas prices. The sensitivity cases maintained the same modeling assumptions from the
base business case analyses, except for the gas prices. The gas prices were increased
from $3.50 to $4.35 and $5.22/MMBTU and then escalated to year 2028 using MTEP14
rates.

The system production cost is driven by many variables, including fuel prices, carbon
emission regulations, variable operations, management costs and renewable energy
mandates. The increase in natural gas prices imposed additional fuel costs on the
system, which in turn produced greater production cost benefits due to the inclusion of
the MVP Portfolio. These increased benefits were driven by the efficient usage of
renewable and low cost generation resources (Figure 7-3).
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Figure 7-3: MVP Portfolio Adjusted Production Cost Savings by Natural Gas Price
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7.4 Decreased Wind Generation Volatility

As the geographical distance between wind generators increases, the correlation in the
wind output decreases (Figure 7-4). This relationship leads to a higher average output
from wind for a geographically diverse set of wind plants, relative to a closely clustered
group of wind plants. The MVP Portfolio will increase the geographic diversity of wind
resources that can be delivered, increasing the average wind output available at any
given time.

Wind Output Correlation vs. Distance between Wind

0. R
0 - e
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Bislance Botwaon Silag (Milos)
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H /\‘84&.
< y
Figure 7-4: Wind Quiput Correlation to Distance between Wind Sites
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7.5 Local Investment and Jobs Creation

In addition to the direct benefits of the MVP Portfolio, studies performed by the State
Commissions have shown the indirect economic benefits of the MVP transmission
investment. The MVP Portfolio supports thousands of local jobs and creates billions in
local investment. In MTEP11, it was estimated that the MVP Portfolio supports between
17,000 and 39,800 local jobs, as well as $1.1 to $9.2 billion in local investment. Going
forward, MISO is exploring the use of the IMPLAN model to quantify the direct, indirect,
and induced effects on jobs and income related to transmission construction.

7.6 Carbon Reduction
The MVP Portfolio reduces carbon emissions by 9 to 15 million tons annually
(Figure 7-5).

The MVP Portfolio enables the delivery of significant amounts of wind energy across
MISO and neighboring regions, which reduces carbon emissions.
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Figure 7-5: Forecasted Carbon Reduction from the MVP Potrtfolio by Year
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8. Conclusions and Going Forwar

The MTEP14 Triennial MVP Review provides an updated view into the projected
economic, public policy and qualitative benefits of the MTEP11 MVP Portfolio. Analysis
shows Multi-Value Project benefit-to-cost ratios have increased from 1,810 3.0foa
range of 2.6 to 3.9 since the MTEP11 analysis. Benefit increases are primarily
congestion and fuel savings largely driven by natural gas prices.

The MTEP14 MVP Triennial Review's business case is on par with, if not stronger than,
MTEP11 providing proof that the MVP criteria and methodology is working as expected.
While the economic cost savings provide further benefit, the updated MTEP 14
assessment corroborates the MVP Portfolio’s ability to enable the delivery of wind
generation in support of the renewable energy mandates of the MISO states in a cost
effective manner.

Results prepared through the MTEP14 Triennial Review are for information purposes
only and have no effect on the existing MVP Portfolio status or cost allocation.

MTEP15 and MTEP16 will feature a Limited Review of the MVP Portfolio benefits. Each
Limited Review will provide an updated assessment of the congestion and fuel savings
(Section 6.1) using the latest portfolio costs and in-service dates. Beginning in MTEP17,
in addition to the Full Triennial Review, MISO will perform an assessment of the
congestion costs, energy prices, fuel costs, planning reserve margin requirements,
resource interconnections and energy supply consumption based on historical
operations data.
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Appendix

Detailed Transfer Analysis Results

631115 OTTUMWAS

C:631115 OTTUMWAS

1 -209 5,576 161 631116 161 631134 TRICNTY5S
BRDGPRTS 161 1 161 1
270810 LOCKPORT; | C:270811 LOCKPORT; R
2 -146 3,387 B 345 274702 345 274703 KENDALL; RU
KENDALL; BU 3451 | 3451
630388 WINCOR 8 | (5.635631 BOONVILS 161
3 | 810 2,925 | 69.0 630395 635632 EARLHAMS 161 1
WNTRSETS8 69.0 1
Limited by generation in tiers 1 and 2 - resulting
4 9,913 9,534 limit considering Tier 1 and 2 available capacity
and base interchange
337651 8WHT
BLUFF percent 500 .
5 3,027 4,328 337957 8KEO C:P1_2-1312
percent 500 1
243212 05BENTON
6 2,002 5,761 345 243250 C:P1_2 EXT 31
05BENTON 138 1
256290 18TITBAW C:b}18BULOCK-
7 987 3,648 138 256542 18SUMRTN 138-1
18REDSTONE 138 1
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699211 PT BCH3
1 | -204 5326 | 345699630 C:ATC_B2_NAPL121
KEWAUNEE 345 1
270810 LOCKPORT;
2 | 237 2,958 | B 345 274702 C:345-L10806_R-S
KENDALL; BU 345 1
300049 7THOMHL | C:345088 7MCCREDIE
3 | -564 1,198 | 345300120 345 345408 7OVERTON
ETHMHIL 161 1 345 1
256026 18THETFD | ..
4 | a420 | 4632 | 345264580 CihITIBALIER-19PONTC
19JEWEL 345 1
337651 BWHT
BLUFF percent 500 )
5 | 3917 | 5398 | ooo0lPEEY CiP1_2-1312
percent 500 1
256026 18THETFD | .,
6 | 1277 | 5328 345264580 C:eI19BAUER-19PONTC
19JEWEL 345 1
264522 19MENLO1
7 | a7 3589 | 120 264947 C:x|[19GRNEC 345-120-1
19BUNCE2 120 1
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Table 8.2. Cost and performance characteristics of new central station electricity generating technologies

 Contingency Factors _
Base nth-of-
Overnight  Project Techno- Total  Variable Fixed  Heatrate® a-Kind
tead Costin  Contin- logicat Overnight oam’ 0&M in2014  Heatrate
Online Size time 2014 gency  Optimism  Costin2014®  (2013%/ (2013 %/ {Btu/ (Btu/
Technology Year' (MW) [years) (2013 $/kW) Factor’ Factor’ (2013 $/kw) mwWh}  kW/yr.) kwWh) kWh
Scrubbed Coal
New 2018 1300 4 2,726 1.07 100 2917 447 3116 8,800 8,740
Integrated
Coal- Gasifi-
fication Comb
Cycle {IGCC) 2018 1200 4 3,483 107 1.00 3,727 7.22 51.37 8700 7,450
IGCC with
Carbon
sequeston 2018 520 4 5891 107 103 6492 844 7280 10,700 8307
Conv Gas/0il
Combeydle 2017 620 3 869 105 100 912 360 1316 7050 6800
Adv Gas/Cil
Comb Cycle
€0 2017 400 3 92 108 100 1017 327 1536 6430 6333
Adv CCwith
carbon
sequestration 2017 340 3 1,845 1.08 104 2072 6.78 3177 7,525 7,493
Conv Comb
Turbine® 2016 85 2 922 1.05 100 968 1544 7.34 10,783 10,450
Adv Comb
Turbine 2016 210 2 638 105 1.00 671 1037  7.04 9750 8,550
Fuel Cells 2007 10 3 6042 105 110  £978 42.97 0.00 9,500 6,960
AdvNuclear 2022 2234 6 4646 110 105 5366 214 9323 10479 10473
Distributed
Generation -
Base 2017 203 1407 105 1.00 1,477 775 1744 9,015 8,900
Distributed
Generation -
Peak 2016 1 2 1,689 105 1.00 1,774 71.75 17.44 10,015 9,880
Biomass 2018 50 4 3,399 107 101 36859 526 105.58 13,500 13,500
Geothermal™ 2018 50 4 2,331 105 100 2,448 0.00 11285 g,516 5,516
Muncipal
Solid Waste 2017 50 3 7,730 1,07 100 8,271 874 392.60 14,878 18,000
Conventional P - P — S e e i
Mydropower” 2018 SO0 4 2410 110 100 2651 576 1515 9516 9,516
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Table 8.2, Cost and performance characteristics of new central station electricity generating technologies
(cont.) _—_—

Contingency Factors
Base nth-of-
Overnight  Project Techno- Total  Variable Fixed Heatrate® a-kind
Lead Costin  Contin- logical Overnight ogm’ 0&M in 2014  Heatrate
Online Size time 2014 gency  Optimism Costin2014' (2013 8§/ (2013 %/ {Btuf (Btu/
Technology Year' [MW) (years) (2013 $/kw)  Factor Factor’ {2013 $/kW) mWh)  kW/yr.} kWh}) KWh
Wind 2017 160 3 180 107 100 1,880 000 3953 9516 9,516
Wind Offshore 2018 400 4 4,476 1.10 1.25 6154 000 7396 9516 9,516
Sofar Thermal” 2017 100 3 3,787 107 1.00  A052 000 6723 9516 9,516
Photovoltaic™" 2016 150 2 3;123 1.05 1.00 3,279 0.00 24.68 9,516 9,516

'Online year represents the first year that a new unit could be completed, given an order date of 2014,

A contingency allowance is defined by the American Association of Cost Engineers as the “specific provision for unforeseeable elements of
costs within a defined project scope; particularly important where previous experience has shown that unforesesable events which will
increase costs are likely to occur,” -

*The technological optimism factor is applied to the first four units of a new, unproven design; it reflects the demonstrated tendency to
underestimate actual costs for a first-of-a-kind unit, -«

4O\mrnight capital cost including contingency facters, excluding regional multipliers and learning effects. Interest charges are also excluded.
These represent costs of new projects initiated in 2014.

0&iM = Operations and maintenance.

SFor hydropower, wind, solar and geothermal technologies, the heat rate shown represents the average heat rate for conventional thermal
generation as of 2013, This is used for purposes of caiculating primary energy consumption displaced for these resources, and does not
imply an estimate of their actual energy conversion efficiency.

"Capital costs are shown before investment tax credits are‘applied.

Combustion turbine units can be built by the model prior to 2016 if necessary to meet a given region’s reserve margin,

*Because geothermal and hydropower cost and performance characteristics are specific for each site, the table entries represent the cost of
the least expensive plant that could be built in the Northwest Power Pool region, where most of the proposed sites are located.

©Costs and capacities are expressed in terms of net AC power available to the grid for the instalted capacity.

Sources: For the AEQ2015 cycle, EIA continues to use the previously developed cost estimates for utility-scale electric generating plants,
updated by external consultants for AEQ2013, This report can be found at http://www.eia.gov/forecasts/capitalcost/. The costs were
assumed to be consistent with plants that would be ordered in 2012, and fearning from capacity built in 2012 and 2613 has been applied in
the initial costs above, Wind capital costs were updated for AEG2015 using recent reports from trade press and reports from Lawrence
Berkeley National Laboratory. Site-specific costs for geothermal were provided by the National Renewable Energy Laboratory, "Updated
U.S. Geothermal Supply Curve,” February 2010.

Technological optimyism and learning
Overnight costs for each technology are calculated as a function of regional construction parameters,
project contingency, and technoiogical optimism and learning factors,

The technologicai optimism factor represents the demonstrated tendency to underestimate actual costs for
a first-of-a-kind, unproven technology. As experience is gained (after building four units) the technoiogical
optimism factor is gradually reduced to 1.0.
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