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Introduction

Please state your name and occupation.

My name is Kavita Maini. I am the principal and sole owner of KM Energy Consulting,
LLC.

Please state your business address.

My office is located at 961 North Lost Woods Road, Oconomowoc, WI 53066.

On whose behalf are you testifying in this proceeding?

I am testifying on behalf of Large Power Intervenors (“LPI”). LPI members are large
consumers of electricity on the Minnesota Power (“MP” or “Company”) system that take
service on one or more of its Large Light and Power and Large Power tariffs.!

Please state your educational and professional background.

My educational background includes a Master’s degree in Business Administration
(“MBA”) and a Master’s degree in Applied Economics. Prior to becoming an independent
consultant in 2002, I worked as a research analyst at Wisconsin Power and Light, Alliant
Energy’s regulated subsidiary, and conducted process and impact evaluations of the energy
efficiency programs, forward price curve, and asset valuation analyses. I also worked as a
Senior Economist at Alliant Energy Integrated Services’ Energy Consulting Division. In
this role, I was responsible for providing energy consulting services to commercial and

industrial customers in the area of electric and natural gas procurement, contract

1

LPI is an ad hoc consortium of Large Power and Large Light and Power customers of Minnesota Power

consisting for purposes of this filing of Blandin Paper Company; Boise White Paper, L.L.C., a Packaging Corporation
of America company, formerly known as Boise, Inc.; Cleveland-Cliffs Minorca Mine Inc.; Enbridge Energy Limited
Partnership; Gerdau Ameristeel US Inc.; Hibbing Taconite Company; Northern Foundry, LLC; Sappi Cloquet, LLC;
USG Interiors, Inc.; United States Steel Corporation (Keetac and Minntac Mines); and United Taconite, LLC.
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negotiations, forward price curve analysis, rate design, and on-site generation feasibility
analysis. I was also involved in strategic planning and due diligence on acquisitions.

Since 2002, I have been an independent consultant. In this role, I have provided
consulting services in the areas of class cost of service studies, rate design, resource
planning and revenue requirement related issues, Midcontinent Independent System
Operator (“MISO”) related matters, and various policy matters. I have testified before a
number of state regulatory commissions, including Minnesota.

I have represented industrial trade associations at MISO since 2006. I am currently
the Eligible End Use Sector representative at MISO’s Advisory and Planning Advisory
Committees respectively and regularly participate in transmission planning related
workshops and committee calls.

What is the purpose of your direct testimony?

The purpose of my direct testimony is to help develop the record regarding the size, type
and timing issues associated with Minnesota Power’s proposed High-Voltage Direct-
Current (“HVDC”) Modernization Project that the Commission should consider in making
its determination. First, I outline the procedural posture of this proceeding and the history
and current functioning of the HVDC System. Second, I explain that, at great cost, this
proposed Project will only modernize the HVDC Converter Stations, and not the HVDC
Line itself and the System will require additional investments to upgrade its overall
capacity. Third, Minnesota Power envisions upgrading the capacity of this HVDC System
to as much as 3000 MW, even though it has not demonstrated any incremental need for
this System or explained the timing or costs of those additional upgrades. Fourth, it appears

the Company is expecting that this HVDC System will benefit the entire region, and not
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just Minnesota Power’s customers, and to the extent the Project is being constructed for
future needs and to benefit other regions, the Company and other regions should bear a
portion of the Project costs. Finally, I request Minnesota Power provide cost sharing
proposals and Project alternatives if this HVDC Line or the HVDC technologies are not

included in MISO’s LRTP Tranche 2.

Minnesota Power’s HVDC Modernization Project
Please briefly describe the HVDC Modernization Project
Minnesota Power seeks approval to modernize its 465-mile Square Butte HVDC 550 MW
transmission system. In the combined application for a Certificate of Need and Route
Permit (”Application”) submitted on June 1, 2023, Minnesota Power proposes to upgrade
both HVDC terminals for the Square Butte HVDC System and interconnect the upgraded
HVDC terminals to the existing alternating current transmission system. These HVDC
terminals are currently located near the Arrowhead Substation in Hermantown, Minnesota
and the Center Substation in Center, North Dakota.
The Company states that to modernize the HVDC terminals and implement the
latest technology, new buildings and electrical infrastructure need to be constructed on a
new site near the existing HVDC terminals. In this regard, the CON application states the
following:
= In Minnesota, to connect the new HVDC terminal to the existing AC system, the
Project would require the construction of a new St. Louis County 345 kV/230 kV
substation located less than one mile west of the current Arrowhead Substation. The
new HVDC terminal would be connected to the St. Louis County Substation by less
than one mile of 345 kV LHVTL and the new St. Louis County Substation would be
connected to the existing Arrowhead Substation by two parallel 230 kV LHVTLs less

than one mile in length. Additionally, a short portion of the existing £250 kV HVDC
Line in Minnesota will need to be reconfigured to terminate at the new HVDC terminal.
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= In North Dakota, the Project will consist of an expansion of the separately proposed
Nelson Lake 230 kV Substation to add a 345 kV/230 kV transformer and 345 kV line
entrance, a new HVDC Converter Station, a new 345 kV line from the Converter
Station to the Nelson Lake Substation, and a £250 kV HVDC Line Extension from the
new Converter Station to tie into the existing+250 kV HVDC Line.?
The Project, referred to as the HVDC Modernization Project is currently scheduled
to be placed in service between 2028 and 2030.>
What does Minnesota Power indicate about the need for the Project?
Minesota Power indicates that the HVDC Modernization Project is needed to modernize
the aging assets that have operated beyond their design life. In addition to the replacement
of the existing HVDC terminal, the new HVDC technology would be designed to provide
key reliability attributes including voltage regulation, frequency response and blackstart
capability. The Company indicates that the Voltage Source Converter (“VSC”) HVDC
technology implemented for the Project will be designed to provide bidirectional power
transfer and other capabilities, and bidirectional power transfer capability.* Minnesota

Power has also incorporated options for future expansion to enable staged development of

additional HVDC capacity to meet future regional needs.’

Commission Proceedings and Current Function of the HVDC Line

A. Procedural Posture

Please describe the current procedural posture of this matter.

2

In the Matter of the Application of Minnesota Power for a Certificate of Need for the HVDC Modernization

Project in Hermantown, Saint Louis County, Docket No. E-015/CN-22-607; In the Matter of the Application of
Minnesota Power for a Route Permit for a High Voltage Transmission Line for the HVDC Modernization Project in
Hermantown, Saint Louis County, Docket No. E-015/TL-22-611, Application p. 8 (June 1, 2023) (hereinafter
“Application”).

3
4
5

Application p. 4.
Application p. 20.
Application p. 32.
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The Company filed its Certificate of Need and Route Permit Application on June 1, 2023.
The matter came before the Commission on July 27, 2023, and the Commission accepted
the applications as complete and referred the matter to the Office of Administrative
Hearings for record development and a summary report.® The Commission also expressly
agreed with the suggestions of LPI and found that “certain issues relating to project size,
type and timing referenced in LPI’s initial comments are relevant to the analysis of the
need for the HVDC Modernization Project,” and therefore the Commission required ”
record development on such topics.”’

Shortly thereafter, on August 9, 2023, American Transmission Company LLC, filed
to intervene and proposed Minnesota Power interconnect at its Arrowhead Substation
instead of a new substation in Saint Louis County.® The matter once again went before the
Commission on November 9, 2023. Because of the “limited record concerning the

workability of ATC’s proposal,” the Commission discontinued the informal Certificate of

6

In the Matter of the Application of Minnesota Power for a Certificate of Need for the HVDC Modernization

Project in Hermantown, Saint Louis County, Docket No. E-015/CN-22-607; In the Matter of the Application of
Minnesota Power for a Route Permit for a High Voltage Transmission Line for the HVDC Modernization Project in
Hermantown, Saint Louis County, Docket No. E-015/TL-22-611, Order Accepting Application as Complete

Authorizing Joint Review Under Informal Procedure, and Requesting Summary Proceeding p. 7 (August 8, 2023).

Specifically, the Commission requested:

7

that the Office of Administrative Hearings assign an ALJ to preside over the
summary proceeding process described above and will request that the ALJ (1)
establish the types of filings necessary to facilitate proper record development;
(2) develop a schedule for those filings through a prehearing conference; and (3)
prepare a full report setting forth findings, conclusions, and recommendations on
the merits of the proposed project, applying the routing criteria set forth in statute
and rule, as well as any comments and recommendations on the conditions and
provisions of a route permit.
In the Matter of the Application of Minnesota Power for a Certificate of Need for the HVDC Modernization

Project in Hermantown, Saint Louis County, Docket No. E-015/CN-22-607; In the Matter of the Application of
Minnesota Power for a Route Permit for a High Voltage Transmission Line for the HVDC Modernization Project in
Hermantown, Saint Louis County, Docket No. E-015/TL-22-611, Order Accepting Application as Complete
Authorizing Joint Review Under Informal Procedure, and Requesting Summary Proceeding p. 9 (August 8, 2023).

8

In the Matter of the Application of Minnesota Power for a Certificate of Need for the HVDC Modernization

Project in Hermantown, Saint Louis County, Docket No. E-015/CN-22-607; In the Matter of the Application of
Minnesota Power for a Route Permit for a High Voltage Transmission Line for the HVDC Modernization Project in
Hermantown, Saint Louis County, Docket No. E-015/TL-22-611, ATC Petition to Intervene (August 9, 2023).
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Need process and ALJ summary proceedings and referred this matter to the Office of
Administrative Hearings for contested case proceedings.” In referring the matter, the
Commission requested the ALJ focus record development on the viability of ATC’s
alternative, and Minnesota Power’s concerns therewith and also noted that it “expects that
in the course of this case the parties will develop a full record addressing the issues that are
relevant to the Commission’s certificate of need and permit decisions.”!’ The Commission
noted it would “address whether the project is ultimately necessary and whether to establish
conditions on the project’s construction and operation in future proceedings.”!!

Is this Project related to Minnesota Power’s 2021 Integrated Resource Plan?
Potentially, yes. Inthe 2021 Integrated Resource Plan the Commission ordered Minnesota
Power to procure 400 MW of new wind.!?> On December 15, 2023, Minnesota Power filed
its Request for Proposal package to procure up to 400 MW of wind. As shown in attached
Schedule 1 attached to this testimony, the Company anticipates receiving several bids for

wind projects located around Center, North Dakota, near the western HVDC terminal.'?

9 In the Matter of the Application of Minnesota Power for a Certificate of Need for the HVDC Modernization
Project in Hermantown, Saint Louis County, Docket No. E-015/CN-22-607; In the Matter of the Application of
Minnesota Power for a Route Permit for a High Voltage Transmission Line for the HVDC Modernization Project in
Hermantown, Saint Louis County, Docket No. E-015/TL-22-611, Order Identifying Alternative Proposal for
Environmental Assessment Scope, Granting Variance, and Notice of and Order for Hearing p. 5 (November 29, 2023).
10 In the Matter of the Application of Minnesota Power for a Certificate of Need for the HVDC Modernization
Project in Hermantown, Saint Louis County, Docket No. E-015/CN-22-607; In the Matter of the Application of
Minnesota Power for a Route Permit for a High Voltage Transmission Line for the HVDC Modernization Project in
Hermantown, Saint Louis County, Docket No. E-015/TL-22-611, Order Identifying Alternative Proposal for
Environmental Assessment Scope, Granting Variance, and Notice of and Order for Hearing p. 6 (November 29, 2023).
1 In the Matter of the Application of Minnesota Power for a Certificate of Need for the HVDC Modernization
Project in Hermantown, Saint Louis County, Docket No. E-015/CN-22-607; In the Matter of the Application of
Minnesota Power for a Route Permit for a High Voltage Transmission Line for the HVDC Modernization Project in
Hermantown, Saint Louis County, Docket No. E-015/TL-22-611, Order Identifying Alternative Proposal for
Environmental Assessment Scope, Granting Variance, and Notice of and Order for Hearing p. 4, n. 4 (November 29,
2023).

12 In the Matter of Minnesota Power’s 2021- 2035 Integrated Resource Plan, Docket No. E015/RP-21-33, Order
Approving Plan and Setting Additional Requirements, p. 13 (January 9, 2023).

13 Schedule 1, attached, Minnesota Power Response to LPI Information Request 33.
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B. History of the HVDC Line

What is the regulatory history of this line with the Minnesota Commission?

The Square Butte HVDC Line and its Converter Stations at the Center and Arrowhead
substations were released for commercial operation in 1977.'% The original purpose of the
HVDC Line was to bring electricity from the coal-fired Milton R. Young 2 generating
station in Center, North Dakota, directly to Minnesota Power’s customers.!* The
Commission approved Minnesota Power’s purchase of this line in 2009 after a contested
case hearing, and in 2010, the Company repurposed the line to facilitate the delivery of
wind power generated in North Dakota to Minnesota Power’s territory. '¢

C. Current Operation of the HVDC Line

Does MISO currently operate the HVDC Line?

No, but MISO does administer the “tariff operation” of the Line. As part of the compliance
filings in the 2009 Commission proceedings approving the Company’s purchase of the
HVDC Line, Minnesota Power stated that after its acquisition, Minnesota Power
transferred the tariff operation of the line to MISO. !’

How does the HVDC Line currently function?

As described in Schedule 2, Minnesota Power currently holds all capacity rights on the
HVDC Line, and the Line is under its full functional control. The Company has held the

full capacity of the line since it acquired full ownership of the HVDC Line. Minnesota

16

Application p. 20.
Application p. 21.
In the Matter of Minnesota Power's Petition to Purchase Square Butte Cooperative's Transmission Assets and

for Restructuring Power Purchase Agreements from Milton R. Young Unit Generating Station, Docket No. E-015/PA-
09-526, Order Granting Petition with Conditions (Dec. 21, 2009).

17

In the Matter of Minnesota Power’s Petition to Purchase Square Butte Cooperative’s Transmission Assets

and for Restructuring Power Purchase Agreements from Milton R. Young Unit 2 Generating Station, Docket No.
E015/PA-09-526, Compliance Filing p. 5 (November 5, 2014).
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Power coordinates with MISO on control of the HVDC Line under an Agency Agreement.
Under the terms of this Agency Agreement, MISO performs, as agent for Minnesota
Power, certain core transmission provider responsibilities without requiring Minnesota
Power to commit those facilities to MISO’s full functional control.!® At present, the HVDC
Line capacity is 550 MW. The Company has issued three Transmission Service Requests
at MISO for an incremental capacity of 350 MW. The cost of the upgrades needed to
increase the HVDC Line capacity by an additional 350 MW would therefore be assigned

to Minnesota Power as per the provisions of the MISO tariff.

IVv. Customer Rate Impacts of HVDC Project

Q. What are the costs associated with the Company’s proposal?
If implemented, the HVDC Modernization Project could potentially add close to one billion
dollars to Minnesota Power’s rate base. It appears that, as a result of the identified planned
investments including the HVDC Modernization Project, Minnesota Power’s rate base
could triple over a twenty-year period from roughly $1 billion in 2010 to approximately $3
billion in 2030, all while the peak demand on its system drops from roughly 1,800 MW to

1,600 MW or less.!” Therefore, the rate impacts, below, while highly substantial, do not

18
19

Schedule 2, attached, Minnesota Power Response to LPI Information Request 20.

With respect to rate base, see In the Matter of the Application by Minnesota Power for Authority to Increase
Rates for Electric Service in Minnesota, Docket No. E-015/GR-21-335, Evidentiary Hearing Transcript Vol. 1 at
37:17-38:20; cf. In the Matter of the Application by Minnesota Power for Authority to Increase Rates for Electric
Service in Minnesota, Docket No. E015/GR-09-1151, Compliance Filing at Sched. 1, p. 1 (Mar. 7, 2011), to In the
Matter of the Application by Minnesota Power for Authority to Increase Rates for Electric Service in Minnesota,
Docket No. E-015/GR-21-335, Ex. MP-4 at Direct Schedule B-1, p. I (Nov. 1, 2021 (showing a total rate base of
$1,043,371,807 in 2011 and proposing a total rate base of $2,113,031,861 in the 2021 rate case proceeding). With
respect to peak demand, see In the Matter of the Application by Minnesota Power for Authority to Increase Rates for
Electric Service in Minnesota, Docket No. E-015/GR-21-335, Initial Filing Vol. IV (Nov. 2, 2009) and Application p.
2 (“Minnesota Power operates a 1,600 megawatt (“MW”’) peak demand system.”)

10
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fully reflect all of the rate increases that Minnesota Power ratepayers will be expected to
bear in the future.

What are the estimated impacts of the proposed HVDC Modernization Project on a
system-wide basis?

The first year revenue requirements provided by Minnesota Power in the CON
application range from $86.4 million to $101.86 million respectively — on a system wide
basis, this range represents a substantive increase of 11.6% to 13.7% respectively, when
compared to present rate revenues.?’ To provide context, the Company’s 2024 proposed
base rate case increase (excluding roll-in of riders) is $89.1 million (or 12.1%).%!

What is the estimated impact on LPI’s members?

The estimated rate increase for the HVDC Modernization Project to LPI’s members ranges
from 9.82% to 14.01.%

Why is LPI concerned about this Project?

Again, LPI’s members are in Minnesota Power’s large power and large light & power
classes. According to Minnesota Power’s estimates, these two classes are estimated to see
the most significant rate increases associated with the Project. LPI is therefore concerned
about the rate impacts of this Project, and potential rate impacts of future upgrades of the
HVDC Line and other infrastructure projects the Company has planned. I am advised that
many of LPI’s member companies consist of manufacturers that operate energy intensive
facilities and compete in a regional, national and international environment. Energy costs

are typically among the primary costs of doing business and large increases can directly

Application p. 15, Table 2.2.3-1 (emphasis added).
In the Matter of the Application of Minnesota Power for Authority to Increase Rates for Electric Utility

Service in Minnesota, Docket No. E015/GR-23-155, Direct Testimony of Jennifer Cady, p. 2 (November 1, 2023).

Application p. 15.

11
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impact the bottom line of industrial customers because in many cases, these costs cannot
be passed to downstream customers due to highly competitive business conditions. The
resulting double-digit increases associated with the HVDC Modernization project would,
therefore, have the potential to significantly impact the competitiveness of LPI’s member
companies in the future. Such concerns are further heightened by the fact that C&I rates
in Minnesota, including those on Minnesota Power’s system, are increasingly
uncompetitive regionally and nationally.??

Moreover, it is clear Minnesota Power intends to implement additional upgrades to
this HVDC Line if the Commission approves this first stage of modernization of the
Converter Stations. In addition, Minnesota Power is requesting Commission approval for
a number of other transmission projects whose rate impacts are not included in the cost
projections above.?* Consequently, LPI’s members are highly concerned about the

Company’s proposal and have a keen interest in the outcome of this proceeding.

Proposed Capacity Upgrades and Future Expansion

Q. How many MWs of capacity are deliverable through the existing HVDC line and

converter station?

2 See In the Matter of the Application of Minnesota Power for a Certificate of Need for the HVDC
Modernization Project in Hermantown, Saint Louis County, Docket No. E-015/CN-22-607; In the Matter of the
Application of Minnesota Power for a Route Permit for a High Voltage Transmission Line for the HVDC
Modernization Project in Hermantown, Saint Louis County, Docket No. E-015/TL-22-611, LPI Initial Comments
(June 20, 2023) and LPI Supplemental Comments (June 30, 2023).

2 See, e.g., In the Matter of the Application for a Certificate of Need for the Big Stone South-Alexandria-Big
Oaks Transmission Project; In the Matter of the Application for a Route Permit for the Alexandria to Big Oaks 345-
kV Transmission Project in Central Minnesota, Docket Nos. E002, E017, ET2, EO15, ET10/TL-23-159; and In the
Matter of the Application of Minnesota Power and Great River Energy for a Certificate of Need and Route Permit for
the Northland Reliability Project 345 kV Transmission Line, Docket Nos. E015,ET2/CN-22-416 and E015,ET2/TL-
22-415.
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At present, Minnesota Power utilizes the HVDC Line to deliver up to 550 MW of power
from North Dakota to its load in Northeast Minnesota.

What is the Company’s proposal regarding the HVDC converter terminals?

As shown in Schedule 3, the Company proposes to increase the capability of the new
HVDC converter terminals to transfer up to 1500 MW from the current 550 MW. The
Company also indicates that the layout of the HVDC converter stations will be designed
such that it will be straightforward to add another converter to operate a second 1500 MW
HVDC pole, similar to the way the current bipole system operates, creating the potential to
increase the total capacity up to 3000 MW.%°

Has the Company identified the need for any potential upgrades at the present time
with regards to increasing the capacity on the HVDC line itself?

Yes. As noted earlier, Minnesota Power has submitted three transmission service requests
to MISO with a total incremental capacity of 350 MW on the HVDC line.?® Given that
the current capacity of the HVDC line is 550 MW, upgrades would be needed to increase
the capacity to 900 MW. While the Application discusses the type of equipment,
infrastructure and new buildings needed for replacing the converter stations, as shown in
Schedule 4, the upgrade to the HVDC Line to increase the capacity to the 900 MW is not
included and would be addressed in a separate proceeding.?’

What has the Company said regarding the future expansion of this HVDC system?
The Company states that the Square Butte HVDC system has a significant role to play in

the ongoing clean energy transition and decarbonization of our region’s energy resources.

Schedule 3, attached, Minnesota Power Response to LPI Information Request 3
As noted in response to Schedule 2 (LPI-20), the specific TSRs are 95418167 (100 MW), 90481026 (100

MW), and 91365462 (150 MW) for a total of 350 MW respectively.

Schedule 4, attached, Minnesota Power Response to LPI Information Request 4.
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As such, the HVDC Modernization Project is designed to accommodate future expansion
of the HVDC system and the interconnected AC transmission system, to support the future
regional transmission development that is necessary.?®

Please summarize the upgrades Minnesota Power is considering for this segment of
its transmission system.

As shown in Schedule 5, the Company has stated that the Project will be developed to meet
its near-term needs, with options to incorporate future expandability to be explored as the
Project is designed.?’ Minnesota Power has outlined quite a few steps for its overall plans
for this system and said that overall, the expandability of the system is designed to meet
present maximum capacity of 900 MW with staged or modular expansion to meet future
regional needs of 3000 MW.3* The table below sets out the upgrades Minnesota Power

envisions for this part of its system.

28
29
30

Application p. 32.
Schedule 5, Minnesota Power Response to LPI Information Request 5, Attachment 5.02 p. 9.

Schedule 5, Minnesota Power Response to LPI Information Request 5 Attachment 5.01 p. 4.
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Table 1: Contemplated Expansion of the Square Butte HVDC System

Proposed Capacity Upgrade Part of this Proceeding Cost
Upgrade

Replacement of | From 550 MW to 1500 | Yes $600 - $940
HVDC MW Million
Converter

Terminals

Additional From 1500 MW to No TBA
HVDC 3000 MW

Converters and

Second HVDC

Pole

HVDC From 550 MW to 900 | No TBA
“Targeted MW; 350 MW TSRs

Transmission issued by Minnesota

Line Upgrades” | Power

HVDC 900 MW to 1500 or No TBA
Transmission 3000 MW

Line Upgrades

Total Cost of Planned Upgrades for Square Butte HVDC System Unknown

If the Company has identified that it may be seeking an upgrade of 350 MW of
incremental capacity on this line, why is it proposing to upgrade the system to 1500
or 3000 MW?
Though the costs to upgrade the system to 3000 MW has not been quantified by Minnesota
Power, it is clear that the Company is expanding the converter capability by such a
significant incremental amount to accommodate needs beyond the requirements for
Minnesota Power’s ratepayers.

Presumably, the Company anticipates and expects that MISO would recognize the

regional benefits associated with upgrading the HVDC line and accordingly incorporate it
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VI.

in the Tranche 2 portfolio of projects as part of MISO’s Long Range Transmission Plan
(“LRTP”) effort. In June 2022, the Company indicated to MISO that it needed to make
several near-term decisions for the expandability of the Project scope, including choice of
VSC or LCC technology, monopole or bipole, and AC interconnection voltage.?! This
demonstrates to me that the Company recognized the importance of coordinating with
MISO’s LRTP planning as it evaluated the Project scope in order to lay the groundwork

for future regional expansion.*?

Interplay with MISO LRTP 2

What is MISO’s LRTP initiative?
MISO’s LRTP initiative is meant to identify multi-state regional transmission expansion
solutions to address future reliability needs due to a changing resource mix and renewable
integration. MISO’s LRTP effort consists of portfolios of transmission projects in four
Tranches: Tranches 1 and 2 are to consist of portfolio of projects in the North/Central part of
MISO’s footprint (or Midwest subregion); Tranche 3 portfolio of projects would be focused
on MISO South; and Tranche 4 portfolio is expected to address the North/South interface limit
respectively.

The MISO Board of Directors approved Tranche 1 portfolio of projects in summer
2022. This portfolio consisted of 17 projects with an estimated investment of $10.3 billion.
How is Minnesota Power interacting with MISO’s LRTP planning process?
As described in Schedule 6, Minnesota Power has been actively engaged, along with other

transmission owners, with MISO’s Reliability Imperative and Long-Range Transmission Plan

31
32

Schedule 5, attached, Minnesota Power Response to LPI Information Request 5Attachment 5.01 p. 10.
See also, Schedule 3 for further discussion of the value of upgrading the HVDC system in providing regional

benefits beyond just customers of Minnesota Power.
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Tranche 2 workshops and stakeholder meetings to ensure that MISO considers the benefits of
HVDC technology and any Tariff or process changes needed.*® The Company has stated that
it anticipates significant increase in need for interregional transfer capacity in MISO,** and it
aims to establish the Square Butte transmission corridor as an “essential building block for
reliably moving energy across the Upper Midwest.”3*

How are costs to be allocated for the portfolio of projects in LRTP Tranches 1 and 2?
MISO has designated the LRTP portfolio of projects as Multi Value Projects or MVPs. To be
designated as an MVP portfolio, MISO’s tariff (attachment FF, II.C.2) requires that the
regional transmission solutions support one or more of the following three criteria: enable
regional public policy needs in a reliable and economic manner; provide multiple types of
economic value across multiple pricing zones; and/or provide a combination of reliability
and economic value across multiple pricing zones. In accordance with the MISO tariff, the
MVP portfolio of projects in Tranches 1 and 2 would be eligible for 100% cost sharing
across the Midwest subregion.

Has MISO announced the Tranche 2 portfolio of projects?

No. At present, MISO is in the process of conducting analysis and has not released any
specific information regarding the portfolio of projects to be included in Tranche 2, but it has
targeted that the Tranche 2 portfolio would be finalized with MISO Board of Directors approval
during the first half of 2024. Therefore, at the present time, it is not publicly known if and to
what extent MISO may have considered Minnesota Power’s expected use of the attributes and
expandability features that would be enabled by the HVDC Modernization Project.

Has MISO provided any insights generally regarding the use of 765 KV and HVDC lines?

33
34
35

Schedule 6, attached, Minnesota Power Response to LPI Information Request16.
Schedule 5, Attachment 5.03 p. 6.
Schedule 5, Attachment 5.04 p. 6.
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A.

In a recently updated Frequently Asked Questions document, MISO broadly stated the pros
and cons of using these extra high voltage lines>°:

Why is MISO considering 765 kV and High-Voltage Direct Current
(HVDC) and what are the benefits and concerns with these
technologies?

Higher voltage transmission like 765 kV and HVDC provide efficiency and
reliability benefits in the transport of electricity over long distances. As the
resource fleet continues to evolve, 765 kV and HVDC lines may be more
effective in delivering electricity from areas with a high potential for
renewable generation to areas of high electricity demand. MISO will
consider a combination of 345 kV — 765 kV and HVDC lines when studying
projects for Tranche 2.

Both 765 kV and HVDC transmission lines have much greater capacity than
345 kV and lower voltage transmission lines. This higher capacity results
in lower cost per MW of capacity and lower Right of Way (ROW) usage
per MW of capacity.

There is minimal 765 kV and HVDC infrastructure in the MISO footprint,
and strategies for spare equipment, redundancy during line outages, and the
impacts on operations must be considered before the technology is
implemented. Additionally, while MISO already oversees the operation of
765 kV lines, additional work needs to be completed for the MISO market
to effectively dispatch HVDC lines.

Based on the above, it is clear MISO is considering HVDC options and the merits of
implementing such transmission, but it has also identified a number of concerns with
these options.

Does Minnesota Power propose to include cost sharing for the HVDC Modernization
Project?

No. It has stated that at this time it does not anticipate its proposed Project will include
cost sharing with others. As described in Schedule 7, Currently, the only clear way for
costs to be assigned to others would be if the Project meets cost allocation criteria in the

MISO Tariff, for example as an MVP or Market Efficiency Project (“MEP”).%’

36
37

See MISO LRTP Tranche 2 — Frequently Asked Questions, (last accessed February 14, 2024).
Schedule 7, attached, Minnesota Power Response to LPI Information Request 9.
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Minnesota Power has indicated, however, that it has initiated conversations with
MISO regarding potential wholesale Tariff changes to investigate ways to create a method
to compensate the Company for the broader system benefits the VSC HVDC technology
would bring to the system as MISO considers long-term reliability needs.>® Minnesota
Power reports that these discussions are ongoing and no specific HVDC tariff changes have
yet been identified, but the Company agrees their customers would see cost reductions if
MISO tariff changes result in additional compensation for these system benefits.>
Has the Company acknowledged the importance of MISO’s LRTP planning for this
Project?
Yes, as part of its communications with MISO the Company has stated that it intends to
ensure that HVDC modeling and analysis is ready to be considered as part of MISO’s
Tranche 2 study.*
What do you conclude about the Company’s proposed size capability with other
features and expandability that could provide regional benefits?
Because MISO has neither submitted Tranche 2 portfolio of projects or a related business
case with cost-benefit analysis, we do not know if and to what extent it intends to utilize
the Company’s expandability and other features associated with the HVDC Modernization
Project. Because the design and related features of this project appear to be configured
with a bigger picture in mind to facilitate regional benefits, it would be best suited for
collaborations with MISO or other transmission owning entities. In my view, the high

upfront costs to modernize the use of the HVDC line would likely make the most economic

38
39
40

Schedule 6.
Schedule 6.
Schedule 5, Attachment 5.04 p. 17.
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sense if entities more than Minnesota Power were realizing the benefits and accordingly,
sharing in the costs.

Because the MISO Tranche 2 portfolio is to be finalized this year, it would be
insightful for the Commission to have this information at it deliberates on the Application.
If MISO’s regional transmission solutions include maximizing the use of the HVDC
Modernization Project with the VSC technology, convertor terminals expandability and
spatial considerations to accommodate future expansion, this result would further reinforce
that there are future regional benefits beyond the benefit to Minnesota ratepayers that
would flow from this proposed Project. I request that in Rebuttal Testimony, Minnesota
Power explain why there would not be some sort of cost sharing for the costs associated
with the HVDC Modernization Project given that this project “is designed to accommodate
future expansion of the HVDC system and the interconnected AC transmission system, to
support the future regional transmission development that is necessary to successfully
navigate the clean energy transition.”*' Because the Project would have arguably laid the
groundwork to enable regional transmission expansion solutions, it stands to reason that
portions of the Project investment that enabled the regional expansion be shared with others
that would potentially benefit. Put another way, Minnesota Power’s ratepayers should not
be solely responsible for the high upfront costs of the Project if it is designed and scoped

with the expectation of providing regional benefits.

41

Application p. 32.
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VII.

Alternative Options If HVDC Solution Not Incorporated in Tranche 2

What are the alternative options to consider if MISO does not include HVDC related

solutions as contemplated by the Company?

If the HVDC related projects are not included in the MISO Tranche 2 portfolio, the

following may warrant further investigation:

1. Market Participant Funding Project with more partners. Aside from the Tranche
2 effort, Minnesota Power should explain in Rebuttal Testimony if it has explored
innovative partnerships to share the costs with other entities that may also realize
benefits as a result of the HVDC Modernization Project.

2. Scale back of the project. Because the design and related features of this Project
may be configured with a bigger picture in mind to facilitate regional benefits, it is
not clear what the impact would be of the change in design and scope, and therefore,
costs, if this project did not lay the foundation to facilitate or enable solutions with
regional benefits. If the project will not be used for regional benefits, it is likely
feasible to scale back the project and utilize less expensive technology with less
spatial requirements to fulfill the need for Minnesota Power’s ratepayers. It would
be beneficial if the Company provided more information in this regard in Rebuttal
Testimony.

3. Increased optionality with Tranche 1 and 2 build out. The Tranche 1 MVP
portfolio, approved by the MISO Board of Directors in July 2022 has in-service
dates between 2028 and 2030. MISO is in the process of identifying transmission
solutions for Tranche 2 to further integrate substantive amounts of renewable

generation, and one likely outcome of this effort would be more optionality to get
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VIII.

wind energy delivered to Minnesota Power’s system. Further, since one of the

major benefits of the LRTP initiative is congestion and fuel cost savings, there

would be less congestion price risk due to the increased optionality compared to
the Company’s historical perspective.

From an overarching perspective and once again, if the HVDC related solutions are
not included in the MISO Tranche 2 portfolio of projects, I encourage the Company to
explore if it could minimize costs for its ratepayers by relying on the regional solutions
instead of constructing expensive infrastructure that is solely to be utilized by Minnesota
Power for its ratepayers. I am very concerned that in the latter case, Minnesota Power
ratepayers would end up bearing the high costs associated with modernizing and expanding
the capability of the HVDC line as well as necessarily being responsible for paying for
their share of the socialized MVP costs associated with the Tranche 1 and 2 portfolios.**
As noted earlier, the Tranche 1 portfolio investment was estimated at $10.3 billion. It is
anticipated that the Tranche 2 portfolio related investment will likely be more costly than
Tranche 1. Thus, the impact to Minnesota Power ratepayers would be more significant than
the already high revenue requirements associated with the Company’s proposal in the

Application and discussed earlier in my testimony.

ATC’s Alternative

Do you have an opinion regarding the feasibility of the ATC Alternative?

)

If the premise is that this HVDC Modernization Project is going to be the gateway for Minnesota Power to

accomplish its clean energy goals, then presumably, it would be accessing the congestion free wind energy from North
Dakota via the upgrades on the HVDC line for the benefit of its ratepayers in lieu of accessing other options made
possible by the implementation of the Tranche 2 portfolio.
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IX.

Not at this time. I will continue to evaluate information and will discuss the feasibility of
the ATC Alternative in my Rebuttal Testimony after further record development including

testimony from ATC.

Future Considerations and Conditions

If the Commission ultimately approves this project, should conditions be imposed to
ensure that customers are protected from unnecessary costs and risks?
Likely yes. LPI will continue to evaluate Minnesota Power’s Application and what

customer protections might be necessary to protect the public interest.

Do you have recommendations for Minnesota Power regarding the process and
procedures used in this matter and future matters related to significant infrastructure

and investments?

Yes, I do. As LPI has noted in this proceeding, Minnesota Power has not been transparent
to its customers about its intentions to propose such a large project as this one, and LPI has
no understanding of what future investment and infrastructure projects Minnesota Power
plans in the short or long term. It is worth noting that there has been little to no dialogue
on this Project between Minnesota Power and its large customers, yet Minnesota Power
previously engaged stakeholders in advance of its last resource plan and is on the verge of
restarting that stakeholder process for its next resource plan to be filed in 2025. Consistent
with this prior practice, LPI believes that Minnesota Power should deliberately engage its
customers to provide information about which projects are needed, the Company’s
preferred plans for those infrastructure needs, and the mitigations they propose to minimize

the cost impact to customers. Minnesota Power has been actively engaged with MISO to
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introduce the HVDC technology and its potential benefits. LPI requests Minnesota Power
similarly engage with its customers in a proactive manner on new technologies and
proposed investments. As large end users on the Company’s system, LPI will pay the
majority of the costs for this project and a more collaborative process could lead to long

term efficiencies as these large projects are proposed and evaluated.

Conclusion

In conclusion, please summarize your testimony.

My testimony raises concerns with the Project’s costs and its proposed expansion to
accommodate future, not existing, need, and the accumulative effect of the Company’s
infrastructure investments would further existing rate shock concerns, and potentially
result in unjust and unreasonable rates for LPI. It appears the Company is expecting that
this HVDC System will benefit the surrounding region, and not just Minnesota Power’s
customers, and to the extent the Project is being constructed for future needs and to benefit
other regions, the Company and other regions should bear a portion of the Project costs.
Alternatively, if the HVDC modernization project’s capabilities and technologies are not
included in MISO’s LRTP Tranche 2, I request Minnesota Power provide cost sharing
proposals and Project alternatives.

Does this conclude your direct testimony?

Yes.
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MPUC Docket Nos. E015/CN-22-607; E015/TL-22-611
Exhibit KM-1, Schedule 1
Page 1 of 1

LARGE POWER INTERVENORS

Utility Information Request

Docket Numbers: E015/CN-22-607; E015/TL-22-611  Date of Request: January 25, 2024
Requested From: Minnesota Power Response Due: February 5, 2024

By: Large Power Intervenors (Andrew P. Moratzka, Amber S. Lee)

Information Request No. 33

Please provide the status of wind project acquisition associated with the 350 MW upgrade
HVDC line.

Response:

In accordance with Order Point No. 4 from the Minnesota Public Utilities Commission’s January
9, 2023 Order Approving Plan and Setting Additional Requirements in the Company’s 2021
Integrated Resource Plan (“IRP”) (Docket No. E015/RP-21-33), Minnesota Power must use a
bidding process (i.e. request for proposal (“RFP”)) to procure new wind projects approved in the
IRP. Minnesota Power’s RFP package to procure up to 400 MW of wind was filed with the
Commission on December 15, 2023, in the 2021 IRP Docket. Minnesota Power will send the RFP
out to bidders in the first quarter of 2024. Minnesota Power anticipates receiving several bids for
wind projects located around Center, ND (near the western HVDC terminal), given the high-
quality wind regime, competitive pricing for wind in that region, and the capability to deliver new
wind energy across the HVDC Line after the terminal upgrades are completed as part of the HYDC
Modernization Project.

Response by: Eric Palmer

Title: Manager Utility Planning
Department: Strategy & Planning
Telephone: 218-355-3839










MPUC Docket Nos. E015/CN-22-607; E015/TL-22-611
Exhibit KM-2, Schedule 2
Page 1 of 1

LARGE POWER INTERVENORS

Utility Information Request

Docket Numbers: E015/CN-22-607; E015/TL-22-611 Date of Request: December 27, 2023

Requested From: Minnesota Power Response Due: January 6, 2024
Extension Granted to: January 12, 2004

By: Large Power Intervenors (Andrew P. Moratzka, Amber S. Lee)

Information Request No. 20

Do other entities currently have capacity secured on the HVDC line? If so, please provide
details including number of entities, MWs of capacity, methodology used for charging for this
capacity, annual revenues received and, annual revenues projected. If not, please explain why not?

Response:

No. Minnesota Power currently holds all capacity rights on the HVDC Line. Minnesota Power
holds its transmission system access rights on the HVDC Line through Transmission Service
Rights (TSR #’s 80726284 (550 MW), 95418167 (100 MW), 90481026 (100 MW), and 91365462
(150 MW)) under the MISO Tariff. The MISO Tariff provisions ensure that whoever is utilizing
the line also is responsible for paying the cost of the line for any utilization that occurs, which in
the case of the HVDC Line falls entirely with Minnesota Power. Minnesota Power has held the
full capacity of the line since it acquired full ownership of the HVDC Line. If capacity were
available, another person could request access to the HVYDC Line through MISO’s standard TSR
process. Such a request would commence a study process and the need to upgrade the HVDC Line
for that request, if it could be accommodated. The cost of upgrading the HVDC Line would then
be borne by the person making the request.

Response by: Randi Nyholm
Title: RTO Coordination Manager
Department: Strategy & Planning

Telephone: (218) 723-7466










MPUC Docket Nos. E015/CN-22-607; E015/TL-22-611
Exhibit KM-3, Schedule 3
Page 1 of 4

LARGE POWER INTERVENORS

Utility Information Request

Docket Numbers: E015/CN-22-607; E015/TL-22-611  Date of Request: November 7, 2023
Requested From: Minnesota Power Response Due: December 1, 2023

By: Large Power Intervenors (Andrew P. Moratzka, Amber S. Lee)

Information Request No. 3

Refer to page 11 of the Certificate of Need Application where the following is stated:
“Given the long-term significance of the HVDC Line for Minnesota Power and the region, design
options to accommodate future expansion are a major consideration for the Project. The new
voltage source converter (“VSC”) HVDC Converter Stations will be designed with a flexible,
scalable approach that will enable their future expansion to accommodate bulk regional transfers
of renewable energy. Minnesota Power is working with the HVDC supplier to procure the most
current capacity and technology for the new VSC Converter Stations, as well as additional
expandability features to enable staged development of additional HVDC capacity to meet future
regional needs.”

a. Please explain in detail the long-term significance associated with the HVDC Line
for Minnesota Power. In your response, please expound upon the “additional
expandability features,” and the “staged development” referenced and include a
timeline of the expansion.

b. Please explain in detail the long-term significance associated with the HVDC Line
for the region. Inyour response, please expound upon the “additional expandability
features,” and the “staged development” referenced and include a timeline of the
proposed expansion.

C. Please describe in detail how Minnesota Power’s proposed Project will benefit bulk
regional transfers of renewable energy and to meet future regional needs.

Response:

a. The Square Butte HVDC Line has served Minnesota Power customers with reliable,
economic energy for over 45 years. While developing the Project, as described in Chapter

Response by: Peter Schommer
Title: Manager — Power Delivery & Asset Management
Department: Transmission

Telephone: 218-355-2639





MPUC Docket Nos. E015/CN-22-607; E015/TL-22-611
Exhibit KM-3, Schedule 3
Page 2 of 4

LARGE POWER INTERVENORS

Utility Information Request

Docket Numbers: E015/CN-22-607; E015/TL-22-611  Date of Request: November 7, 2023
Requested From: Minnesota Power Response Due: December 1, 2023

By: Large Power Intervenors (Andrew P. Moratzka, Amber S. Lee)

2.0 of the CON/RP Application and taking into consideration the reasons described in
Chapter 3.0, the HVDC Line plays a major role in continuing to deliver reliable, economic
and clean energy from Minnesota Power’s zero fuel cost North Dakota wind energy. With
this Project, Minnesota Power has an opportunity to build for a future that consists of more
clean energy as we execute the State of Minnesota’s 100% carbon free by 2040 standard.
This Project includes the replacement of the HVDC terminals and, due to the nature of the
HVDC equipment, the Project will provide additional capacity for the converters. When
the Project is complete, the new HVDC converter terminals will be capable of transferring
up to 1500MW (although the HVDC Line will not be capable of this transfer without
modifications to the HVDC Line). Furthermore, the layout of the HVDC converter stations
will be designed such that it will be straightforward to add another converter to operate a
second 1500MW HVDC pole, similar to the way the current bipole system operates,
creating the potential to increase the total capacity up to 3000MW. Even after the initial
converter station replacement, the existing HVDC Line itself will limit the capacity of the
system to its present capacity or, with targeted transmission line upgrades, up to 900MW
to serve Minnesota Power’s needs. Over the next several years Minnesota Power will
continue to evaluate the needs of its system and resources and be engaged with the MISO
Long Range Transmission Planning effort to determine when and if the HVDC Line will
be upgraded to 1500MW or more. There is no defined timeline for these decisions
currently.

b. The Square Butte HVDC Line has also served the region with benefits such as dynamic
response for specific fault conditions, congestion management, and frequency stabilization.
The VSC technology offers several more system support benefits described in Section 3.3.2
of the CON/RP Application. Just as Minnesota Power continually evaluates the needs of
our customers, the regional planning entities such as MISO continually evaluate the needs

Response by: Peter Schommer
Title: Manager — Power Delivery & Asset Management
Department: Transmission

Telephone: 218-355-2639
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LARGE POWER INTERVENORS

Utility Information Request

Docket Numbers: E015/CN-22-607; E015/TL-22-611  Date of Request: November 7, 2023
Requested From: Minnesota Power Response Due: December 1, 2023

By: Large Power Intervenors (Andrew P. Moratzka, Amber S. Lee)

of the region in a changing resource environment. In its Renewable Integration Impact
Assessment (“RITA”) study, MISO found that there was a long-term need for VSC HVDC
projects to achieve renewable penetration levels consistent with clean energy goals. In its
recent Long Range Transmission Plan (“LRTP”) study, MISO has begun to identify and
develop a justification for the specific projects necessary for the clean energy transition.
From the beginning of the LRTP process, MISO has shown several high-capacity HYDC
connections on its long-term indicative roadmap, including one that overlaps the Square
Butte HVDC corridor. Since the beginning of 2023, MISO has been working with
stakeholders to identify the assumptions, technologies, issues, and potential projects for its
second tranche of LRTP projects. The stakeholder process has included significant
discussions about HVDC technology and MISO appears to have recognized the likely need
for HVDC projects to be considered in LRTP Tranche 2. Minnesota Power has made MISO
aware of the expandability considerations for its planned VSC HVDC converters as
detailed in the response to subpart (a) for MISO’s consideration as they evaluate needs and
alternatives for the LRTP Tranche 2 portfolio. At this time, MISO is still in the process of
developing models for the LRTP Tranche 2 study and it is too early to say whether specific
projects will be a part of the LRTP Tranche 2 portfolio or not. The LRTP Tranche 2
portfolio is expected to be approved by the MISO Board in mid to late 2024. For projects
included in LRTP Tranche 2, it is expected that the in-service dates of the projects will be
targeted for approximately 2035-2040.

c. The HVYDC Modernization Project as proposed by Minnesota Power serves the renewable
energy transfer needs of Minnesota Power’s customers. The additional expandability
features discussed in the response to subpart (a) have been included by Minnesota Power
to position the HVDC facility to also meet future regional needs for bulk renewable energy
transfers, in much the same way as an AC transmission line may be intentionally designed

Response by: Peter Schommer
Title: Manager — Power Delivery & Asset Management
Department: Transmission
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with the capability to add a second circuit for future use. The MISO Generation
Interconnection Queue as of 11/07/2023 shows 28 projects consisting of 6,723MW of wind
when filtering for North Dakota active projects. Furthermore, the MISO West region has
200 active projects adding up to 35.27GW. If those projects are to come to fruition to
support clean energy and carbon reduction goals, more transmission must be built to get
the energy delivered to the loads across the system. Increasing the capacity of the existing
HVDC Line is one potential solution to do just that but is one part of the larger picture, as
the MISO LRTP indicative roadmap illustrates. With future upgrades, the HVDC Line
could help transport up to 3000MW of renewable energy from Central and Western North
Dakota to Minnesota, Wisconsin, and beyond. Several of the states in the region have
renewable or carbon free goals and the HVDC Line can help reach those goals.

Response by: Peter Schommer
Title: Manager — Power Delivery & Asset Management
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Telephone: 218-355-2639










MPUC Docket Nos. E015/CN-22-607; E015/TL-22-611
Exhibit KM-4, Schedule 4
Page 1 of 1

LARGE POWER INTERVENORS

Utility Information Request

Docket Numbers: E015/CN-22-607; E015/TL-22-611  Date of Request: November 7, 2023
Requested From: Minnesota Power Response Due: November 17, 2023
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Information Request No. 4

Does Minnesota Power’s current proposal contemplate increasing the capacity of the
HVDC line itself? If so, please provide the following associated with expanding the capacity of
the line.

a. Cost estimates;

b. Timeline;

C. All approvals and permits required; and

d. Whether the expansion stages will be competitively bid.
Response:

For clarification, the existing HVDC converter terminals limit the overall system to 550 MW, not
the HVDC transmission line. The upgrade of the HVDC line to 900 MW is described in the 2023
Biennial Transmission Projects Report filed, and available publicly, in Docket No. E999/M-23-91
as MPUC tracking number 2013-NE-N17. The analysis of 2013-NE-N17 is provided in the 2023
Biennial Transmission Project Report. The Company is evaluating what approvals and permits
may be necessary for project 2013-NE-N17. Minnesota Power will follow its standard
procurement process as required for the project, if it proceeds.

The project identified with this Certificate of Need does not require additional time, permits, or
upgrade of the HVDC transmission line beyond what is described in the Application.

Response by: Peter Schommer
Title: Manager - Power Delivery and Asset Management
Department: Power Delivery Engineering

Telephone: 218-355-2639
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Information Request No. 5

Please provide all Company communications with MISO regarding this Project.

Objection:

Minnesota Power objects to this information request as overly broad and unduly burdensome.
Notwithstanding and without waiving this objection, Minnesota Power is providing all
presentations or reports delivered to MISO related to the HVDC Project prior to the filing of the
Application with the Minnesota Public Utilities Commission.

Response:

Please see the attached documents:

e LPI IR 005.01 Attach: 2022.06.09 MP-MISO HVDC Discussion.pdf, Minnesota Power
update to MISO on planning for the HVDC Modernization Project.

e LPIIR 005.02 Attach: 2022.10.17 MP Response to MISO Concepts.pdf, Minnesota Power
presentation during a meeting of MISO and Minnesota-Dakotas-Wisconsin Transmission
Owners on the scope of LRTP Tranche 2.

e LPI IR 005.03 Attach: 2023.01.17 MP-MISO Meeting, Minnesota Power meeting with
MISO to provide an update on planning for the HVDC Modernization Project and discuss
the status of the LRTP Tranche 2 study. Please note that information discussing a project
that is not the HVDC Modernization project has been redacted due to relevance.

Response by: Christian Winter As to Objection: David Moeller
Title: Manager-Regional Transmission Planning  Title: Senior Regulatory Counsel
Department: Delivery Support Operations Department: Legal

Telephone: 218-355-2908 Telephone: (218) 723-3963
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e LPI IR 005.04 Attach: 2023.03.09 VSC HVDC vs 765kV AC Draft Summary.pptx,
Minnesota Power, American Transmission Company, and MISO discussion on HVDC
modeling and technology considerations for LRTP Tranche 2.

e LPI IR 005.05 Attach: Square Butte HVDC Upgrade Facilities Study F118.pdf,
Minnesota Power Facilities Study Report for MISO Transmission Service Requests on the
HVDC Line.

e LPI IR 005.06 Attach: 2023.05.31 MP-RBJ VSC-HVDC, Minnesota Power and RBJ
Engineering presentation during MISO Planning Advisory Committee stakeholder
workshop on technology considerations for LRTP Tranche 2.

Response by: Christian Winter As to Objection: David Moeller
Title: Manager-Regional Transmission Planning  Title: Senior Regulatory Counsel
Department: Delivery Support Operations Department: Legal

Telephone: 218-355-2908 Telephone: (218) 723-3963
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Square Butte HVYDC

Upgrade & Modernization Planning Update

MP-MISO DISCUSSION
June 9, 2022

CONFIDENTIAL: FOR MP & MISO DISCUSSION PURPOSES ONLY
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The Square Butte HYDC Corridor:
A Foundation for the Clean Energy Future

By the numbers: Existing HVYDC Line
* 550 MW of existing capability
* 465 miles of +/- 250 kV HVDC transmission line
* 3200 line structures and 2 converter stations
* Putin service in 1977 to deliver “coal by wire” from

ND coal fields to MP customers in NE Minnesota When it was originally commissioned,
* Acquired by MP in 2009 and repurposed to deliver Square Butte was the first long-distance

project in North America to implement

wind and valuable energy to MP customers 12-pulse thyristor technology

* lItis in need of modernization and has multiple
potential opportunities to upgrade
Confidential: For MP & MISO Discussion Purposes Only
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HVDC Modernization Urgency

Converter Station Modernization & Asset Renewal Needs

Control System: Last upgrade was 2004, and those computer systems and components are
now failing. Could result in an extended single pole outage, cutting HYDC capacity in half.
Power Modules: Original pulse transformers no longer produced or supported by any
manufacturer. Design specs destroyed/lost when GE originally exited from HVDC business.
Limited spares available,and when we run out we will be in extended single pole outage.
Converter Transformers: Three failures in last seven years, often associated with wear and
tear caused by LTC operations. Limited refurbishment options. Failures more likely to be
catastrophic and cause collateral damage. Could result in loss of one or both poles for an
extended period of time depending on failure mode.

. HVDC Unavailability

20
15
Forced outage rates are generally
= | increasing, even as MP continues to
10 -" diligently maintain the Square Butte
—" HVDC system
5 ’ 1V
S N

0 m—

20002001 2002 2003 2004 2005 2006 2007 2008 2009201020112012 2013 2014 ZClS 2016 2017 LO 8201920202021 iale
—— Forced - Total Forced Converter —@=—Forced Line he duled ‘ Confidential: For MP & MISO

Discussion Purposes Only 3
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HVDC Upgrade Project Goals

Modernization: Address asset renewal needs by replacing existing converter stations ASAP

Optimize Capacity: Design converters to optimize capacity of existing HVDC transmission
line. Max capacity for existing conductor on majority of line (2839 ACSR) is 900 MW

Long-Term Technology: Implement converter technology that does not become obsolete
or un-upgradeable prior to normal end-of-life (35-40 years)

Future Proof: Robust to navigate changes in the surrounding transmission system, particularly
for weaker transmission systems with high penetration of inverter-based resources

Performance Features: Self-sufficient in reactive power requirements, bi-directional dispatch
capability, smooth & continuous control range, sub-hourly dispatchability, blackstart capable

Expandability: Designed to meet present maximum capacity (900 MW) with staged or
modular expansion to meet future regional needs (3000 MW)

How to Develop a Solution?
Minnesota Power brought in RB] Engineering to develop a robust HYDC Technology Assessment

and recommendations on optimal near/term long-term solutions RBJ Engineering
Corporation

Confidential: For MP & MISO Discussion Purposes Only
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HVDC Technology Assessment

Development of Configurations: Four basic configurations were developed by RBJ
Engineering for investigation in the tech assessment:
A. Initial 1500 MW Symmetric Monopole VSC with Future Expansion to 3000 MW Bipole
B. Initial 1500 MW Bipole VSC with Future Expansion to 3000 MWV Bipole
C. Initial 900 MW Non-Expandable Bipole VSC with Future 3000 MWV Bipole #2 Addition
D. Initial 1500 MW Bipole LCC with Future Expansion to 3000 MW Bipole
More information on each configuration is provided in Appendices

Supplier Workshops: A questionnaire with 40 specific questions was developed to
accompany the configurations and three major suppliers — Siemens, Hitachi,and GE — were
invited to join MP & RBJ for individual one-day technical workshops to discuss the
questionnaire and configurations. Suppliers were also asked to respond in writing to the
questionnaire, propose modifications or alternatives to the basic configurations, and provide
indicative pricing for the initial and future stages of each configuration.

Technology Assessment Report: Following the supplier workshops, RBJ Engineering

produced a detailed evaluation of technology options, configurations, performance and cost
considerations, including recommendations for a preferred configuration.

Confidential: For MP & MISO Discussion Purposes Only
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Preferred Expandable Solution
Expandable Symmetric Monopole

Relocate & replace existing converter stations with one 525 kV half-bridge VSC converter on each
end, operated as a +/- 250 kV symmetric monopole using the existing HVDC line. Converter
designed for 1500 MW capacity, operated initially at 900 MW or less based on line capacity limit. At
this stage, Square Butte is converted to a single 900 MW HVDC line.

Initial AC interconnection voltage can be either 230 kv~ Center Arrowhead

or 345 kV and can be different for each end Substation Substation
LYY LYY

230kV 1 230kV |

J Stage 1- Symmetric Monopole J
+262.5 kV, 1500MW

Expandability Options e P

Rebuild & reconductor existing HVDC line (465 miles) for 3000 MW capacity and +/- 525 kV
bipole operation. Operate initially as a 1500 MW symmetric monopole (as shown above)

Add a second set of 525 kV converters on each end and modify existing 525 kV converter to
operate as +/- 525 kV bipole HYDC with total capacity of 3000 MWV (1500 MWV per pole)

Center
Substation A;rrs v;/h:ad Initial converter preferably stays connected to same AC bus
ubstation (230 kV or 345 kV) Future converter interconnects at 345 kV
230KV [ mm } , | 230k\7w\ | to tie in with complementary regional transmission.
tage 2- Bipole
_@ JQ + 525 kV, 3000MW _@' JQ HVDC control system and transmission line can be
designed with future multi-terminal operation in mind, but
345kv ? 345kv ? HVDC suppliers generally discouraged multi-terminal
—(O JG Initial Converter Replacement —(O JQ -
Future Expansion to 3000 MW Confidential: For MP & MISO

| e T Discussion Purposes Only
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Alternative Expandable Solution
Expandable Bipole

Relocate & replace existing converter stations with two 262.5 kV converters on each end, operated
as a +/- 250 kV bipole similar to today’s configuration. Initial bipole designed for 1500 MW capacity,
operated initially at 900 MW or less based on line capacity limit.

Initial AC interconnection voltage can be either 230 kV
or 345 kV and can be different for each end

Expandability

The most straightforward way to expand the bipole configuration is to add a second set of series-
connected converters in each pole, located in adjacent buildings, to extend it to +/- 525 kV and
3000 MWV total. This configuration may drive a preference for full-bridge converters.

YN YN

345kV | ' 345kV
J\ﬂi Initial Converter Replacement 2E>|_ Additional buildings, transformers, control system equipment,
— [ Future Expansion to 3000 MW [ — and potentially full bridge converters all drive up the cost
il \/& 2E>|_ and complexity of this configuration significantly
I Stage 2 I
| @ + 525 kV, 3000MW $ |
K3 >l
- | [ —]
J\/ji 2E>|_ Confidential: For MP & MISO
I I Discussion Purposes Only
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Converter Station Relocations

Q
@,

North Dakota: Nelson Lake Substation Minnesota: St Louis County Substation
Relocate converter & HVDC line to north side of Nelson Lake, tie in Relocate converter just west of Arrowhead Substation, tie in to
existing 230 kV system. Opportunity to bridge MPC seams that cause existing Arrowhead 230 kV or 345 kV bus. Space for future 345 kV
issues for MP, GRE, and OTP. Space for future 345 kV expansion to expansion to facilitate regional transmission network development.
facilitate regional transmission network development. (Existing Arrowhead Substation has limited expandability)

Confidential: For MP & MISO Discussion Purposes Only 8
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Cost Implications of Expandability

Confidential: For MP & MISO Discussion Purposes Only
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UMEX & LRTP Coordination

Moving Forward

MP has an urgent need to modernize the existing HVYDC converters and is making plans to move
forward with the converter station upgrades later in 2022.The project is being branded “Upper
Midwest Express” (UMEX) and will be developed to meet MP’s near-term needs, incorporating
expandability only to the extent the incremental costs can be justified or offset. Anticipated best
possible in-service date is 2027 based on HVDC supplier leadtimes.

How Should MP Coordinate with MISO Going Forward?

O Several near-term decisions about the scope of UMEX are critical to building expansion
capability into the existing Square Butte HVDC corridor:
* Technology Selection: VSC vs LCC
*  Configuration: Expandable Symmetric Monopole vs Non-Expandable Bipole
* AC Interconnection Voltage: 345 kV vs 230 kV

O Does MISO wish to evaluate an incremental upgrade of the Square Butte HVDC as part of
LRTP Tranche 2? Which increments are of interest (900 MW / 1500 MW / 3000 MW)? What is
the timing for this evaluation and when will there be more certainty around whether or not the
project can be justified for inclusion in LRTP Tranche 2? What can MP do to assist MISO’s
evaluation of the project? Can MISO assist MP with replicating the LRTP business justification
metrics so that we can evaluate the project for ourselves?

O What other HVDC-related issues need to be resolved? How do we make progress on those!?

Confidential: For MP & MISO Discussion Purposes Only 10
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MISO LRTP Tranche 2

Minnesota Power Response to MISO Concepts

October 17,2022







Outline of Comments

General Comments
*  Go big, recognize where futures are headed
* Consider RIIA findings, expand study concepts & analysis

LRTP Futures & Modeling Assumptions
* Latest assumptions & models are not available for review
*  Western North Dakota needs attention
* Regional transfer assumptions, particularly Manitoba Hydro

Account for Existing TO Plans
« MP HVDC Modernization & Upgrade Project

LRTP Tranche 2 Concepts
* Response to MISO’s Northern Minnesota Concepts
* Minnesota Power’s Northern Minnesota Concepts
* Minnesota Power’s Western North Dakota Concepts

Docket Nos. E015/CN-22-607
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Consider RIIA Findings

Go Big Where & How Needed

RIIA identified inflection points, such as the
jump from 20% to 30%

MISO says 2030 is the new 2040 and
Future 3 is coming faster than expected
Tranche 2 needs to reflect those realities
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Expand LRTP Concepts & Analysis

Expand Concepts & Analysis for Tranche 2

* Voltage and transient stability need to be considered

* Reactive resources, STATCOMs, and Synch Condensers need to be considered

* VSC-HVDC needs be considered (RIIA pointing to HVDC as early as 30% renewables)
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Addressing North Dakota Holistically

North Dakota Renewable Siting

* RIIA siting methodology showed an even distribution of new interconnections in North Dakota
regardless of Regional or Local siting philosophy use.

* Tranche 2 assumptions and concepts should also address North Dakota holistically

* MISO should spread RRF generation out evenly in North Dakota, not stacked in Eastern Dakotas
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Opening Up North Dakota for MISO

North Dakota Issues

Wind-rich areas of ND are
transmission-constrained

Recent Gl queue outcomes
have disincentivized new
generator interconnections

Seams limit MISO access to
Western North Dakota load
and renewable resources

Tranche 2 assumptions &
concepts need to extend
west of Jamestown in order

to open up more of North
Dakota for MISO
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North Dakota in the Bigger Picture

MISO Needs North Dakota

Wind speeds are distributed evenly across
Western North Dakota, Eastern Dakotas,
Southwest MN, and Northwest |IA

MISO Tranche 2 concepts do not appear to
address Western North Dakota, even though
there are high-capacity resources, MISO
members, and established interests there

If transmission is available, it will get utilized
(if you build it, they will come...)

ND regulators supportive of development

If MISO does not address the big picture in
North Dakota during Tranche 2, when will it
happen? Tranche 3 & 4 focus is far away.

MISO Tranche 2 assumptions & concepts
must adequately address VWestern North
Dakota’s role in the clean energy transition
for MISO and its members
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Manitoba Hydro Assumptions

There is 2000 MW of potential between the
highest MHEX in the LRTP Future | power flow
cases (1100 MW) and the actual MHEX interface
total transfer capability (3100 MW MHEX)

LRTP Tranche 2 study needs to include stressed MHEX cases
*  These conditions enable wind/water synergy and optimization with
Manitoba Hydro, they happen in real time, and they drive reliability
constraints and congestion in Northern MN if not considered
MHEX_N must be *  LRTP Future 2 should have a heavy South to North flow case, probably
thoroughly evaluated. WIN_NIGHT, with 1400 MW US — Manitoba flow (MHEX_N)
Condition significantly *  LRTP Future 2 should also have a heavy North to South flow case with
impacts Northern MN 3100 MW Manitoba — US Flow. (MHEX_S).This could be a low
and the Red RiverValley ~ wind/solar case, and the additional MHEX transfer can offset the need
to dispatch fossil units
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MP HVYDC Upgrade Project

Moving Forward

O MP has an urgent need to modernize the existing Square Butte
HVDC converters and is moving forward with the converter
station upgrade project as rapidly as possible

O The project will be developed to meet MP’s near-term needs by
implementing VSC technology, with options to incorporate
future expandability to be explored as the project is designed

O The project requires that both converter stations be relocated
to adjacent properties, establishing new facilities nearby to
Center and Arrowhead to be known as Nelson Lake (ND) and
St Louis County (MN), respectively

O Anticipated best-possible in-service date is 2027 based on
HVDC supplier leadtimes. Project is currently out to bid.
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Comments on MISO Tranche 2 Concepts

MISQO’s St Louis County concept
needs to be split between Forbes

and Arrowhead / MP’s Planned St
Louis County Converter Station

MISO’s concept of segmenting the

series-compensated Forbes —

Chisago 500 kV Line is technically

problematic. The south segment
of the line would end up over-
compensated by the Chisago
series capacitors

MISQO’s concepts should focus on
existing hubs in Northern MN
rather than creating new ones
(Iron Range, Forbes, and
Arrowhead / St Louis County)

MISO’s concepts should focus on
double circuit capable 345 kV for
new transmission lines rather
than adding more 500 kV lines

MISO’s concepts should focus on
replacement or colocation with
existing 230 kV corridors
connecting the existing major
Northern MN hubs

MISO’s conceptual synchronous
condenser at Arrowhead will not
be necessary because MP will be
adding VSC-HVDC.A better
location for dynamic reactive
support is near the large load
centers on the Iron Range
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MP Proposed Tranche 2 Concepts

Minnesota
|.) Consider using MP’s planned St Louis County Substation to enhance connectivity in Northern MN
2.) Connect & Strengthen Major Hubs to Optimize Transfer Capability
++ Iron Range — Forbes — St Louis County — Arrowhead 345 kV
3.) Consider Reactive Resource Needs: STATCOMs or synchronous condensers
++ [ron Range STATCOM [/ Synch Condenser
4.) Consider West-East Transfer Constraints
++ Riverton 345/230 kV Transformer
++ Riverton — Maple River 345 kV
5.) Consider VSC-HVDC
++ MP’s VSC-HVDC Converters can be expanded to increase capacity, HYDC Line would need to be rebuilt

Western North Dakota
|.) Consider North Dakota Holistically — Include Western North Dakota concepts
2.) Consider using MP’s planned Nelson Lake Substation to establish greater MISO connectivity in ND
3.) Develop New MISO Connections to bridge seams, add redundancy & create transfer capability
++ Center — Nelson Lake — Coal Creek 345 kV
++ Nelson Lake — Ellendale — Hankinson 345 kV
4.) Consider Reactive Resource Needs: STATCOMs or synchronous condensers
++ STATCOM or Synch Condensers at Jamestown, Wahpeton, Fargo, Grand Forks, and/or Winger
5.) Consider VSC-HVDC
++ MP’s VSC-HVDC Converters can be expanded to increase capacity, HVDC Line would need to be rebuilt
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Tranche 2 Concepts — Northern MN

Forbes

Iron Range
STATCOM?

Arrowhead
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Tranche 2 Concepts - Western ND
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Today’s Purpose

Focus of 1/27 LRTP Tranche 2 Workshop
HVDC Modernization Project Update

North Dakota Considerations

Modeling Assumptions

o ok Wb PRE

Next Steps

MP believes that collaboration is key to the success of LRTP Tranche 2 and wants to partner with
MISO. How can MP support MISO Tranche in its efforts?

2 | Minnesota Power mnpower.com |
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Focus of 1/27 LRTP Tranche 2 Workshop
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HVDC Modernization Project Overview
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HVDC Modernization Project: Preparing for the Future

Project Attributes:

« Upgrade the existing line capacity by 40%
(900MW line, 1500MW capable terminals)

» Leverages existing infrastructure and positions it for
further development with expandable, modular
technology (VSC).

« Establish the transmission corridor as an essential building
block for reliably moving energy across the Upper Midwest.

Project Benefits:

« Augment reliability and system stability in largely rural North Dakota and Minnesota.

* Increase access to additional clean energy transfer with limited land impact.

* Optimize energy resources in North Dakota and Minnesota with bidirectional power flow.
» Ensures continued access to affordable clean energy for MP customers.

« Align with State (MN), MISO, FERC and Department of Energy goals for regional transmission
expansion.

5 | Minnesota Power mnpower.com |
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HVDC Modernization Project: Increasing Transfer
Capacity

DOE Study Identfies that MISO Needs to

Increase Interregional Transfer Capability

» Accelerates development of renewable
energy to help meet decarbonization goals in
MISO.

 Facilitates movement of renewables from high
energy areas to load centers.

 Aligned with MISO Futures 2 and 3 (MISO
Futures identify the need for 7000 MWs of wind
out of ND)

« Anticipates expected significant increase in
need for inter-regional transfer capacity in
MISO.

» Resilience and reliability benefits are inherent in
HVDC design.

* Increases optionality.

6 | Minnesota Power mnpower.com |
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HVDC Modernization Project: Timeline

Notes/Legend:

- Regulatory Approvals

Pl Project Execution &
Sp;i((:j & Project Development In-Service (2027-2030)

Notice Plan
Submittal

(11/30) ]
® Vendor Selection - Initiate Core EPC

Sign Preferred Proposal
Supplier Agreement

Final Notice to

Certificate of Need grctit;%zcé
Filing (April) C
ND Regulatory

G G D E—— G D D ——
2022 2023 2024 2025 2026 2027 2028 2029 2030

HVDC Modernization Project

7 | Minnesota Power mnpower.com |
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Federal Funding & State Funding Requests to Support
HVDC Modernization Project Expandability

8 | Minnesota Power mnpower.com |
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North Dakota Considerations







Opening Up North Dakota for MISO

North Dakota Issues

*  Wind-rich areas of ND are
transmission-constrained

* Recent Gl queue outcomes have
dis-incentivized new generator
interconnections

«  Seams limit MISO access to
Western North Dakota load and
renewable resources

* Tranche 2 assumptions & concepts
need to extend west of
Jamestown in order to open up
more of North Dakota for MISO

12 | Minnesota Power

mnpower.com

Docket Nos. E015/CN-22-607
E015/TL-22-611

LPI IR 005.03 Attach

Page 12 of 36








Docket Nos. E015/CN-22-607
E015/TL-22-611

LPI IR 005.03 Attach

Page 13 of 36

North Dakota in the Bigger Picture

MISO Needs North Dakota

* Wind speeds are distributed evenly across
Western North Dakota, Eastern Dakotas, ==
Southwest MN, and Northwest |IA

* MISO Tranche 2 concepts do not appear
to address Western North Dakota, even
though there are high-capacity resources,
MISO members, and established interests
there

« If transmission is available, it will get utilized
(if you build it, they will come...)

* ND regulators supportive of development

« If MISO does not address the big picture in
North Dakota during Tranche 2, when wiill it
happen? Tranche 3 & 4 focus is far away.

*+ MISO Tranche 2 assumptions & concepts
must adequately address Western North
Dakota’s role in the clean energy transition
for MISO and its members

13 | Minnesota Power mnpower.com |
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Expand LRTP Concepts & Analysis

Expand Concepts & Analysis for Tranche 2

* Voltage and transient stability need to be considered

* Reactive resources, STATCOMs, and Synch Condensers need to be considered

* VSC-HVDC needs be considered (RIIA pointing to HVDC as early as 30% renewables)
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Addressing North Dakota Holistically

North Dakota Renewable Siting

* RIIA siting methodology showed an even distribution of new interconnections in North Dakota
regardless of Regional or Local siting philosophy use.

* Tranche 2 assumptions and concepts should also address North Dakota holistically

* MISO should spread RRF generation out evenly in North Dakota, not stacked in Eastern Dakotas
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Consider RIIA Findings

Go Big Where & How Needed
* RIIA identified inflection points, such as the
jump from 20% to 30%

* MISO says 2030 is the new 2040 and Future 3 is
coming faster than expected

 Tranche 2 needs to reflect those realities

17 | Minnesota Power mnpower.com |
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Expand LRTP Concepts & Analysis

Expand Concepts & Analysis for Tranche 2

+ Voltage and transient stability need to be considered

* Reactive resources, STATCOMs, and Synch Condensers need to be considered

*+ VSC-HVDC needs be considered (RIIA pointing to HVDC as early as 30% renewables)

18 | Minnesota Power mnpower.com |
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Addressing North Dakota Holistically

North Dakota Renewable Siting

* RIIA siting methodology showed an even distribution of new interconnections in North Dakota
regardless of Regional or Local siting philosophy use.

+ Tranche 2 assumptions and concepts should also address North Dakota holistically

* MISO should spread RRF generation out evenly in North Dakota, not stacked in Eastern
Dakotas

19 | Minnesota Power mnpower.com |
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Next Steps

« MP would like time on the 1/27 LRTP Tranche 2 Workshop Agenda
« Continued dialogue and collaboration with MISO on HVDC

* MP sponsored educational session regarding the purpose and value of HVDC -
open to MISO staff, OMS, and stakeholders

21 | Minnesota Power mnpower.com |
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® .mmnesota power

AN ALLETE COMPANY
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MISO LRTP Tranche 2

Minnesota Power Response to MISO Concepts

October 17,2022







Outline of Comments

General Comments
*  Go big, recognize where futures are headed
*  Consider RIIA findings, expand study concepts & analysis

LRTP Futures & Modeling Assumptions
* Latest assumptions & models are not available for review
*  Western North Dakota needs attention
* Regional transfer assumptions, particularly Manitoba Hydro

Account for Existing TO Plans
 MP HVDC Modernization & Upgrade Project

LRTP Tranche 2 Concepts
* Response to MISO’s Northern Minnesota Concepts
*  Minnesota Power’s Northern Minnesota Concepts
*  Minnesota Power’s Western North Dakota Concepts
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Consider RIIA Findings

Go Big Where & How Needed

* RIIA identified inflection points, such as the
jump from 20% to 30%

* MISO says 2030 is the new 2040 and
Future 3 is coming faster than expected

* Tranche 2 needs to reflect those realities
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Expand LRTP Concepts & Analysis

Expand Concepts & Analysis for Tranche 2

* Voltage and transient stability need to be considered

* Reactive resources, STATCOMs, and Synch Condensers need to be considered

* VSC-HVDC needs be considered (RIIA pointing to HYDC as early as 30% renewables)
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Addressing North Dakota Holistically

North Dakota Renewable Siting

* RIIA siting methodology showed an even distribution of new interconnections in North Dakota
regardless of Regional or Local siting philosophy use.

* Tranche 2 assumptions and concepts should also address North Dakota holistically

* MISO should spread RRF generation out evenly in North Dakota, not stacked in Eastern Dakotas








Opening Up North Dakota for MISO

North Dakota Issues

*  Wind-rich areas of ND are
transmission-constrained

* Recent Gl queue outcomes
have disincentivized new
generator interconnections

¢  Seams limit MISO access to
Western North Dakota load
and renewable resources

* Tranche 2 assumptions &
concepts need to extend
west of Jamestown in order

to open up more of North
Dakota for MISO
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North Dakota in the Bigger Picture

MISO Needs North Dakota

Wind speeds are distributed evenly across
Western North Dakota, Eastern Dakotas,
Southwest MN, and Northwest |A

-~

MISO Tranche 2 concepts do not appear to
address Western North Dakota, even though
there are high-capacity resources, MISO
members, and established interests there

If transmission is available, it will get utilized
(if you build it, they will come...)

ND regulators supportive of development

If MISO does not address the big picture in
North Dakota during Tranche 2, when will it
happen? Tranche 3 & 4 focus is far away.

MISO Tranche 2 assumptions & concepts
must adequately address Western North
Dakota’s role in the clean energy transition
for MISO and its members

Docket Nos. E015/CN-22-607
E015/TL-22-611

LPI IR 005.03 Attach

Page 30 of 36







Docket Nos. E015/CN-22-607
E015/TL-22-611

LPI IR 005.03 Attach

Page 31 of 36

Manitoba Hydro Assumptions

There is 2000 MW of potential between the
highest MHEX in the LRTP Future | power flow
cases (1100 MW) and the actual MHEX interface
total transfer capability (3100 MW MHEX)

LRTP Tranche 2 study needs to include stressed MHEX cases
*  These conditions enable wind/water synergy and optimization with
Manitoba Hydro, they happen in real time, and they drive reliability
constraints and congestion in Northern MN if not considered
MHEX_N must be *  LRTP Future 2 should have a heavy South to North flow case, probably
thoroughly evaluated. WIN_NIGHT, with 1400 MW US — Manitoba flow (MHEX_N)
Condition significantly = LRTP Future 2 should also have a heavy North to South flow case with
impacts Northern MN 3100 MW Manitoba — US Flow. (MHEX_S).This could be a low
and the Red RiverValley ~ wind/solar case, and the additional MHEX transfer can offset the need
to dispatch fossil units
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MP HVDC Upgrade Project

Moving Forward

O MP has an urgent need to modernize the existing Square Butte
HVDC converters and is moving forward with the converter
station upgrade project as rapidly as possible

O The project will be developed to meet MP’s near-term needs by
implementing VSC technology, with options to incorporate
future expandability to be explored as the project is designed

O The project requires that both converter stations be relocated
to adjacent properties, establishing new facilities nearby to
Center and Arrowhead to be known as Nelson Lake (ND) and
St Louis County (MN), respectively

O Anticipated best-possible in-service date is 2027 based on
HVDC supplier leadtimes. Project is currently out to bid.







Docket Nos. E0O15/CN-22-607

Comments on MISO Tranche 2 Concepts

MISQO’s St Louis County concept
needs to be split between Forbes

and Arrowhead / MP’s Planned St
Louis County Converter Station

MISQO’s concept of segmenting the

series-compensated Forbes —

Chisago 500 kV Line is technically

problematic. The south segment
of the line would end up over-
compensated by the Chisago
series capacitors

MISO’s concepts should focus on
existing hubs in Northern MN
rather than creating new ones
(Iron Range, Forbes, and
Arrowhead / St Louis County)

MISO’s concepts should focus on
double circuit capable 345 kV for
new transmission lines rather
than adding more 500 kV lines

MISO’s concepts should focus on
replacement or colocation with
existing 230 kV corridors
connecting the existing major
Northern MN hubs

MISO’s conceptual synchronous
condenser at Arrowhead will not
be necessary because MP will be
adding VSC-HVDC.A better
location for dynamic reactive
support is near the large load
centers on the Iron Range
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MP Proposed Tranche 2 Concepts

Minnesota
|.) Consider using MP’s planned St Louis County Substation to enhance connectivity in Northern MN
2.) Connect & Strengthen Major Hubs to Optimize Transfer Capability
++ Iron Range — Forbes — St Louis County — Arrowhead 345 kV
3.) Consider Reactive Resource Needs: STATCOMs or synchronous condensers
++ Iron Range STATCOM / Synch Condenser
4.) Consider West-East Transfer Constraints
++ Riverton 345/230 kV Transformer
++ Riverton — Maple River 345 kV

5.) Consider VSC-HVDC
++ MP’s VSC-HVDC Converters can be expanded to increase capacity, HYDC Line would need to be rebuilt

Western North Dakota
|.) Consider North Dakota Holistically — Include Western North Dakota concepts
2.) Consider using MP’s planned Nelson Lake Substation to establish greater MISO connectivity in ND
3.) Develop New MISO Connections to bridge seams, add redundancy & create transfer capability
++ Center — Nelson Lake — Coal Creek 345 kV
++ Nelson Lake — Ellendale — Hankinson 345 kV
4.) Consider Reactive Resource Needs: STATCOMs or synchronous condensers
++ STATCOM or Synch Condensers at Jamestown, Wahpeton, Fargo, Grand Forks, and/or Winger

5.) Consider VSC-HVDC
++ MP’s VSC-HVDC Converters can be expanded to increase capacity, HYDC Line would need to be rebuilt
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Tranche 2 Concepts - Western ND
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RBJ Engineering
Corporation

HVDC Modeling Discussion

March 9, 2023
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'

1. MISO Study Process for HVDC in LRTP Tranche 2
— Description of MISO’s approach for analyzing HVDC facilities.

AGENDA

— Types of analysis, including reliability and the different types of reliability analysis
needed?

— Tools and tactics that have been used in ProMod and other tools to enable HVDC
evaluation.

— Challenges with existing methodology — does MISO have the tools that they need
in order to model HVDC effectively?
2. MP HVDC Modernization Project Update; technical insight on how
HVDC systems are designed to connect to the grid
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HVDC MODELING IN PROMOD
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e QOperational Inconsistencies

— Flows on HVDC lines in PROMOD are optimized to reduce production cost for each defined region. It does
not accurately reflect how an HVDC line owner may control the dispatch on the line.

— If HVDC connects areas across pools (MISO to SPP), PROMOD may not replace higher cost generation on
one side of the line with low cost generation from the other.

* Dispatch Methodology — PROMOD optimizes line flow on monitored transmission elements to
minimize line losses within pools.
e Ancillary support benefits

— Additional benefits associated with HVDC lines such as frequency response and dynamic voltage support are
not captured in PROMOD

* Congestion mitigation in the Real Time

— Additional benefits of dispatching the HVDC to minimize congestion caused by load and renewable forecast
error is not captured.
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HVDC ANALYTICAL TOOLS —
WHAT WILL BE USED IN TRANCHE 27

Reliability Production Cost Interregional Flow

Dynamic
Reactive

'

PowerFlow

PROMOD Aurora

TARA








Docket Nos. E015/CN-22-607
E015/TL-22-611

LPI IR 005.04 Attach

Page 5 of 20

HVDC MODERNIZATION PROJECT:
CURRENT STATE

About the Line Map

e Commissioned in May 1977 and originally tied to
North Dakota coal under joint ownership by
Minnkota Power Cooperative
and Minnesota Power.

* In 2010, Minnesota Power purchased the DC Line
from Minnkota.

* The Line now transports about 600 MWs of
MP owned and purchased variable wind energy
from one of the best wind resource areas in ND
and the US to Minnesota Power’s load,
benefitting customers.

e +/-250kV 1100A (550MW) capacity; 465miles from
Center, ND to Arrowhead substation
(Hermantown, MN).

5
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HVDC MODERNIZATION PROJECT:
PREPARING FOR THE FUTURE

Project Attributes:
Upgrade the existing line capacity by 40%
(900MW line, 1500MW capable terminals)
Leverages existing infrastructure and positions it for further
development with expandable, modular technology (VSC).
Establish the transmission corridor as an essential building
block for reliably moving energy across the Upper Midwest.
Create new construction jobs and additional long-term tax
base in North Dakota and Minnesota.

Project Benefits:
Augment reliability and system stability in largely rural North Dakota and Minnesota.
Increase access to additional clean energy transfer with limited land impact.
Optimize energy resources in North Dakota and Minnesota with bidirectional power flow across the line.
Ensures continued access to affordable clean energy for MP customers.
Align with State (MN), MISO, FERC and Department of Energy goals for regional transmission expansion
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HVDC MODERNIZATION PROJECT:
INCREASING TRANSFER CAPACITY

DOE Study ldentifies that MISO Needs to Increase

Benefits

Interregional Transfer Capability

* Accelerates development of renewable energy to
help meet decarbonization goals in MISO.

* Facilitates movement of renewables from high
energy areas to load centers.

* Aligned with MISO Futures 2 and 3 (MISO Futures
identify the need for 7000 MWs of wind out of ND)

* Anticipates expected significant increase in need
for inter-regional transfer capacity in MISO.

* Resilience and reliability benefits are inherent in
HVDC design.

* Increases optionality.
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HVDC MODERNIZATION PROJECT
TIMELINE
Project design, land Project permitting, Engineering, Construction COoD
acquisition, and initial additional equipment
public engagement community purchases and site
engagement, and preparation

vendor negotiations

2025 2026

Notice Plan Certificate of

and Exemption | Need & Route
Request Filing | Permit Filings
(MN)
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RBJ Engineering
Corporation

Advantages of VSC-HVDC Technology for the
Future Power System

March 2023
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Long-Term regional overlay solutions depend heavily on the nature of the grid in the future.
Decisions made today will define the transmission development path over the next several decades.

Critical Considerations:
* Anhighly variable, low baseload generation system is very different from what exists today

* AC transmission solutions depend more heavily on system strength and voltage regulation from traditional
generation or other devices (e.g. synchronous condensers, STATCOMs) requiring more technology additions

e VSC HVDC transmission solutions are less dependent on system strength and provide their own voltage
regulation and controllability — which makes it better suited for a grid with large amounts of variable generation

System strength and voltage support, as well as additional underlying system requirements for AC-
only solutions, tend to levelize the holistic cost comparison between HVDC and AC when considering
the future, renewable-heavy power system.
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GENERAL ADVANTAGES OF VSC HVDC TECHNOLOGY

Broad HVDC advantages

Can interconnect asynchronous AC systems without inadvertent power flow or transient stability concerns

At a similar voltage level, a DC line can transmit more than double the power at around half the losses versus an AC line
Narrower right-of-way footprint than for comparable capacity AC lines—one third to one half of the width for the same capacity
Lower cost than AC for long-distance transmission—exact breakeven factor varies based on project details

No increase in short-circuit power (less impact on underlying system)

Fast control of power flow and ability to schedule flows

Low outage rates and option for redundancy in case of faults

Capacity is limited only by thermal limit, rather than an additional safe loading limit

Key attributes of VSC technology
Independent and flexible active and reactive power control—improves power quality and avoids overloads on AC networks
Optional Power oscillation damping—can help stabilize AC networks
Black start capability: during AC network restoration VSC technology can provide system recovery ancillary service
Firewall against cascading system disturbances
Ideal support for AC grids with low short-circuit levels and for the supply of fully passive systems
Grid forming capability and compatibility with inverter-based resources
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COMPARING VSC HVDC TO 765 KV AC
KEY VARIABLES DEPEND ON SYSTEM INTEGRATION NEEDS

Attribute 765 kV AC Line VSC HVDC (1525 kV) Line
Estimated Max. Capacity 3,000 MW 3,000 MW**

Single Largest Contingency 3,000 MW 1,500 MW (loss of one pole)
Flexible Power Flow Control No Yes

Black Start Capability No Yes

Dynamic Voltage Response Support No Yes

Inertial Response*** No Yes

Losses per 100 miles <~1% <~1%
Transmission Line Cost* $4.7-5.7M/mile $2.2-3.0M/mile

*Excludes converter station costs for HVDC, which cost $400-500M per converter. All-in system cost is dependent on line length, number of substations/converter terminals, and
(in the case of 765 kV AC) additional technologies needed for AC system integration

** Present transfer capacity and may increase in the future depending on the transistor current capacity.

*** Inertial response with VSC HVDC requires additional capacitors on the DC side and corresponding control system features
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COMPARING VSC HVDC TO 765 KV AC
CRITICAL ATTRIBUTES FOR SYSTEM INTEGRATION

Attribute

Power Transfer
Capability

Reactive Support and
Voltage Control

Fault Performance:
General AC System
Faults External to the
Transmission Line

Fault Performance:
Faults on the
Transmission Line
(765 kV or VSC HVDC)

765 kV AC

Decreases substantially with line length/distance
Enhanced with series/shunt reactive compensation

Generates large amount of reactive power at light load
Consumes large amount of reactive power at high load
Drastic swings require additional technologies &
coordination (e.g. shunt reactors/capacitors, STATCOMs)

Generally do not trip for AC system faults but also do not
provide significant additional support

Low voltages may cause significant tripping of nearby
renewable generation with long restart time

Fault impact will be seen broadly through the system
Tripping results in significant rerouting of power onto the
underlying system, increasing reactive requirements and
potentially leading to overloading or voltage collapse
Tripping the line results in loss of short circuit level in the
area near the line, weakening the AC system

VSC HVDC (+525 kV)

Generally independent of line length/distance
Main limitations associated with equipment ratings

Designed to produce or absorb reactive power at both
converter stations

Controls AC terminal voltages automatically for steady
state and dynamic voltage regulation

Rides through AC system faults without blocking
Designed to provide dynamic support during AC system
faults, which can support improved system response
Improved voltage response results in less tripping of
nearby renewable generation

Direct fault impact on AC system is minimized by HVDC
connection configurations

Vast majority of faults are single pole, meaning the
remaining pole can continue to transfer real power and
produce/absorb reactive power to support AC system
Loss of VSC HVDC pole does not result in significant loss
of system short circuit level
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CAPITAL INVESTMENT COST - INTEGRATION COMPLEXITY

765 kV AC

VSC HVDC

For fair comparison of HVDC link costs versus 765kV AC,
all costs associated with the 765kV system integration

need to be considered:
= New interconnection facilities:
= 765kV and 345kV substations, buswork, circuit breakers,
and instrument transformers
= New 765kV/345kV autotransformers
= Voltage and reactive power control
= Line shunt reactors, shunt capacitors
= Series compensation, (if applicable)
= STATCOMs or synchronous condensers
=  Power flow control
= Phase shifters or other technology
= Underlying system impacts
= Short circuit level increases may require lower-kV circuit
breakers to be replaced
= Underlying AC transmission line upgrades

Final investment cost of 765kV could exceed that of VSC
HVDC when all necessary support is considered.

VSC HVDC is considered costly primarily due the high cost
of HVDC converters, however there is significantly less

additional system integration support required:
= New interconnection facilities:
= AC (345kV) substations, buswork, circuit breakers, etc...
= New HVDC converter stations on each end
= |nherent voltage and reactive power control
= |nherent power flow control
=  Underlying system impacts
= No impact on short circuit level
= Limited impacts on underlying AC transmission system
due to controllability and other features

System integration of VSC HVDC is much less complex. It
has inherent value-added attributes and can usually be
integrated with fewer changes to the existing system.
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’ FUTURE CONVERSION FROM 765KV AC TO VSC HVDC

e Conversion of 765kV AC Line to HVDC is theoretically possible but:

— It requires acquisition of more right of way (e.g. land owner impact) than ultimately will
be needed for the future HVDC line

— It requires initial over-investment to include HVDC insulators on the AC line, as well as
reactive support resources such as STATCOMs or synchronous condensers that are
necessary to integrate 765kV transmission but not necessary for VSC HVDC

— Where 765kV AC is not already present, it requires the development of design
standards, spare equipment programs, and maintenance programs for 765kV equipment
that is not intended to be a long-term solution

— Upon conversion to HVDC, it may require the abandonment of 765kV equipment
associated with the new line such as shunt reactors, circuit breakers, entire switchyards
and large step up transformers (e.g. additional stranded investment)

— It may negate or devalue investment in other 765kV AC lines if one line is converted for
HVDC operation; or subsequent segmentation of the new 765kV line may inhibit future
conversion to HVDC
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SUMMARY

e Two factors are commonly cited for selecting 765kV AC rather than VSC HVDC
— 765kV lines are less costly for short lines than VSC HVDC line plus converters
— Fault clearing and power recovery time is faster with 765kV

e This presentation indicates these arguments are not necessarily compelling or correct and each situation
needs to be evaluated on a case-by-case basis.

e VSC HVDC offers additional benefits that are not provided by 765kV AC
— Lower integration complexity
— Inherent redundancy in bipolar configuration
— Flexible power flow control
— Steady state and dynamic reactive power/AC voltage control
— Reduced fault current and thus lower impact on system voltage
— Black start capability
— Frequency control on isolated subsystems
— Grid-forming control
— Lower losses
— Virtual inertia control (possible with energy storage)

e Initial construction of a 765kV line for later conversion to VSC HVDC is unlikely to be technically or
economically attractive.
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'

Path Forward/Next Steps —
Ensure HVDC modeling/analysis is ready to be considered as part of
Tranche 2 study.

— Timeline of key activities related to analyzing HVDC options, including
those identified in MISO’s project concepts and additional ones still to be
identified.

How best can MP, ATC and other TOs support MISO?
— Approach for including other interested TOs in effort.

e Future interactions/third party support for LRTP transmission
planning, especially as it relates to analyzing HVDC options.

PATH FORWARD/NEXT STEPS

17
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APPENDIX
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FAULT RECOVERY: ILLUSTRATIVE EXAMPLE

VSC HVDC
Attribute 765 kV AC

(525 kV)
Clearing Time 50 ms 83 ms
Power Transfer - o
Reduction? 80 percent 50 percent
Reclose?/Restart 1300 ms 1500 ms

3

Return to Full Power ~1300 ms 2000 ms
(Uncompensated)
Return to Full Power 2300 ms N/A

(Compensated* AC Line)

Notes

1. Assuming single line to ground AC / single pole HVDC fault

2. Single pole trip and reclose time for 765 kV AC subject to
detailed design studies to ensure full dissipation of induced
currents. HVDC restart time based on half-bridge VSC converters.
3. Return to full power for 765 kV AC depends on surrounding Conclusion: Fault clearing & recovery for VSC-HVDC is not significantly worse compared
t i ts. G tor trippi d t-fault fl .
system impacts. enerator tripping may reduce post-iauit Tow to 765 kV AC. In fact, some attributes of VSC-HVDC are better than 765 kV AC
4. For series-compensated AC transmission, series capacitor re-
insertion is typically delayed from reclosing. Estimated about

~30% reduction in power transfer until series capacitors are
restored to service







,
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Section 1: Project Overview

The purpose of this Facilities Study is to identify the scope, estimated cost, and timing of upgrades
necessary on the existing Square Butte HVDC System in order to accommodate MISO Project F118, which
is associated with Transmission Service Requests #90481026 & #95418167 (Project A727) and #91365462
(Project A746). To facilitate these Transmission Service Requests (TSRs), the existing Square Butte HVDC
System would need to be modernized and its capacity would need to be increased by up to 350 MW to a
total capability of 900 MW (the “HVDC Upgrade Project”). The HVDC Upgrade Project will consist of three
general categories of upgrades:

1. Converter Station Replacement — Existing 550 MW converter stations interconnected to the AC
transmission system at the Arrowhead and Square Butte East Substations will be replaced with
increased capability to accommodate the TSRs. Both converter stations are 45+ years old and in
need of modernization with or without the capacity increase. Minnesota Power, as the HVDC
Owner, has determined that the converter station technology will also be changed from line
commutated converter (LCC) to voltage source converter (VSC) technology, and that future
expansion capability beyond 900 MW will be incorporated into the initial design of the new VSC
HVDC converter stations.

2. Transmission Line Modifications — Modifications will be necessary to increase the capacity of the
existing 465-mile HVDC transmission line in order to accommodate increased power flow
associated with the TSRs.

3. AC Interconnection Facilities — The new VSC HVDC converter stations cannot be retrofitted into
the existing converter station buildings, requiring that they be constructed on a new site nearby.
Additional AC interconnection facilities must be constructed to re-connect the new converter
stations to the existing transmission system near the existing points of interconnection.

The scope and estimated costs of these upgrades are discussed in subsequent sections of this report. The
anticipated schedule for completing the upgrades is discussed in Section 6. The total anticipated cost of
the HVDC Upgrade Project, along with the amount to be assigned to each TSR, is summarized in Table 1
below. Costs are presented in 2022 dollars.

HVDC 900 MW Upgrade Estimated Total Amount Amount

Project #A727 = 200 MW HVDC Upgrade Assigned to Assigned to
Project #A746 = 150 MW Project Cost Project #A727 Project #A746
Converter Station Replacement | $ 705,000,000 | S 165,000,000 | S 123,000,000
Interconnections to AC System | $ 115,000,000 | S 15,000,000 | S 11,000,000

Transmission Line Modification | $ 58,000,000 $ 25,000,000 ' $ 33,000,000
Internal & Professional Services (Included) (Included) (Included)
TOTAL (2022 5) ) 878,000,000 | $ 205,000,000 $ 167,000,000

Table 1: HVDC Upgrade Project Cost Estimate Summary

Due to Minnesota Power’s previously-identified need to modernize the Square Butte HVDC System and
the additional future capacity considerations noted above, Minnesota Power is proposing to share in some
of the costs associated with the modernization part of the HVDC Upgrade Project. Therefore, as shown in
Table 1, the two TSRs (Projects A727 and A746) will each be assigned a portion of the total HVYDC Upgrade
Project costs and Minnesota Power will also bear a portion of the cost as the HVDC Owner. Cost estimates
and cost assignment are discussed further in subsequent sections of this report. The costs assigned to
Project A727 will be shared equally between the two 100 MW TSRs that are included in Project A727.
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Section 2: Converter Station Replacement

2.1 Background

The Square Butte HVDC System has been delivering energy from the Center Converter Station in Center,
North Dakota to the Arrowhead Converter Station in Duluth, Minnesota for over 45 years. These converter
stations are connected by a 465 mile HVDC transmission line operating at £250 kV. This HVDC line is
capable of transferring up to 550 MW (1100 Amps) during bipole operation and up to 275 MW (1100
Amps) during single-pole operation utilizing metallic return or — in case of emergency — ground return.

Much of the existing equipment associated with the Square Butte HVDC converter stations is past its
design life and Minnesota Power is beginning to see an impact on the reliability of the facility. Because of
this impact, Minnesota Power had previously identified a need to modernize the Square Butte HVDC
converter stations. This project has been reported for several years under MISO MTEP Project #4295.

To modernize the terminals of the existing Square Butte HVDC Line and implement the latest voltage
source converter (“VSC”) HVDC technology, new buildings and electrical infrastructure need to be
constructed on a new site near the existing HVDC terminals. Due to the specialized nature of the
technology, the new HVDC converter stations will be delivered as turnkey projects by the original
equipment manufacturer (“OEM”). To execute this type of project, Minnesota Power will need to work
with the HVYDC OEM and an HVDC Owner’s Engineer complete pre-specification studies and develop a
detailed technical specification sufficient for the HVYDC OEM to provide a firm-price proposal for an
engineer-procure-construct (“EPC”) contract.

2.2 Scope of Work

As noted above, Minnesota Power has a baseline need to replace the original HVDC converter stations
with new converter stations implementing the latest and greatest in modern HVDC technology (“HVDC
Modernization Project”). In order to achieve the capacity necessary to facilitate the TSRs being evaluated
in MISO Project F118, the planned HVDC Modernization Project will need to be designed to facilitate at
least 900 MW (1800 Amps) of capacity in the new converter stations, which is an increase of 350 MW over
the present 550 MW rating of the facility. Minnesota Power, as the HVDC Owner, has additional interest
in optimizing the long-term capacity potential of the HVDC line beyond what the TSR customers currently
require and is electing to design the HVDC Modernization Project to provide 1500 MW (3000 Amps) of
capacity in the new converter stations. This represents the highest VSC converter station capacity
currently available in the market. While the initial operation of the new converter stations will be limited
to 900 MW consistent with the needs of the existing capacity plus the new TSRs, the potential to operate
up to 1500 MW after a future rebuild of the HVDC transmission line will also be available.

Minnesota Power has developed a flexible and expandable solution to meet near-term needs on the HVDC
line will preserving the long-term capacity expansion opportunities noted above. As a result, the existing
550 MW 250 kV bipole HVDC line will be converted to a symmetric monopole (SMP) configuration with
one converter on each end rated for 525 kV and 1500 MW (3000 Amps) but initially operated at +250 kV
and 900 MW (1800 Amps). In coordination with the HVDC OEM, the converter stations will be designed
for future expansion to operate as part of a 3000 MW 1525 kV bipole HVDC line. The post-project SMP
configuration of the HVDC line is shown in Figure 1 below.

The scope of supply for the HYDC OEM will include both of the relocated converter stations, including
valves, converter transformers, smoothing reactors, DC equipment, AC circuit breakers, control &
protection, and all associated facilities. The new HVDC converter stations will be designed to interconnect
at 345 kV on the AC system side, as further discussed in Section 4: AC Interconnection Facilities.
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Nelson Lake St. Louis County
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(Operated at £ 250 kV, 900 MW)

Figure 1: Post-Project HVDC Line Configuration

2.3 Cost Assignment

The anticipated costs of modernizing and upgrading the HVDC converter stations are shown in Table 2.
Costs are presented in 2022 dollars. The initial converter station replacement base cost was developed
from a budgetary estimate provided by the HYDC OEM. To maintain confidentiality of the OEM’s direct
budgetary estimate, Minnesota Power has added internal & professional services, AFUDC and contingency
to the converter station base cost shown in Table 2. As discussed above, the HVDC converter station
replacement will be a turnkey project and very little detailed design work was done prior to receiving the
budgetary estimate from the HVDC OEM. If design assumptions change significantly during the
development of the project, the base cost shown in Table 2 may change.

HVDC 900 MW Upgrade Estimated Total Amount Amount
Project #A727 = 200 MW Converter Station Assigned to Assigned to
Project #A746 = 150 MW Upgrade Cost Project #A727 Project #A746
Converter Station Base Cost S 705,000,000 S 165,000,000 S 123,000,000
Internal & Professional Services (Included) (Included) (Included)
Contingency - Converter Station (Included) (Included) (Included)
AFUDC - Converter Station (Included) (Included) (Included)
TOTAL - Converter Stations S 705,000,000 S 165,000,000 $ 123,000,000

Table 2: HVDC Upgrade Project — Converter Station Replacement Cost Breakdown

Due to Minnesota Power’s previously-identified need to modernize the existing HVDC converter stations
and the additional future capacity considerations included with the project, Minnesota Power is proposing
to share in some of the converter station replacement costs. Therefore, as shown in Table 2, the two TSRs
will each be responsible for a portion of the converter station replacement costs and Minnesota Power
will also bear a portion of the cost.
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Section 3: Transmission Line Modifications

3.1 Background

The Square Butte HVDC converter stations are connected by a 465 mile HVDC transmission line operating
a £250 kV. The HVDC transmission line is presently designed with capacity to carry up to 550 MW (1100
Amps) during bipole operation and up to 275 MW (1100 Amps) during single-pole operation utilizing
either metallic return or — in case of emergency — ground return. There are three different conductors
used over the 465-mile length of the HVDC transmission line. While the majority of the line consists of
2839 ACSR, smaller conductors are present in two areas. At the Missouri River crossing in North Dakota,
there is a segment of 2607 ACSR. In a separate location also in North Dakota there is a short segment of
2312 ACSR, which is the most limiting transmission line conductor for facility ratings. All three of these
conductors have been designed to have sufficient conductor-to-ground clearance at an operating
temperature consistent with the present 550 MW transfer level according to Minnesota Power’s facility
ratings methodology.

3.2 Scope of Work

The existing HVDC transmission line is presently designed to operate continuously at 550 MW (1100
Amps). To achieve a higher continuous rating of 900 MW (1800 Amps), Table 3 shows the required
operating temperature for each of the three transmission line conductors discussed above. The design
limit for all three transmission line conductors is 75°C, meaning it is not acceptable for any of these
conductors to operate continuously above this temperature.

HVDC
Capacity Required Operating Temperature (°C)
2312 ACSR 2607 ACSR 2839 ACSR
MW | Amps | (~7 Spans of Conductor) | (MO River Crossing) | (Majority of HVDC Line)
550 1100 Acceptable Acceptable Acceptable
900 1800 83 (Must Be Replaced) 73 74

Table 3: HVDC Transmission Line Conductor Ratings

At 900 MW, both the 2607 ACSR and the 2839 ACSR conductors would be within their design limit. The
upgrades necessary to achieve the capacity increase on those segments of the HVDC transmission line are
likely to consist primarily of replacing existing structures with taller structures to increase conductor-to-
ground clearance at the higher operating temperature. The short segment of 2312 ACSR would be well
beyond its 75°C design limit when operating at 900 MW. Therefore, the 7 spans of this conductor would
need to be rebuilt with a larger conductor. This required modification to achieve 900 MW capacity on the
HVDC transmission line is included in the cost estimate below.
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3.3 Cost Assignment

The anticipated costs of upgrading the capacity of the existing HVDC line from 550 MW to 900 MW are
shown in Table 4. Costs are presented in 2022 dollars, which were escalated from the original 2019
estimate to account for inflation. The 900 MW upgrade cost estimate is based on preliminary transmission
structural engineering evaluations. If additional HVDC transmission line modifications or scope changes
are found to be necessary during the development of the project, the costs presented in Table 4 may be
impacted. To account for this possibility, contingency was included in the original estimates provided by
transmission structural engineering.

HVDC T-Line 900 MW Upgrade S 58,000,000 $ 25,000,000 $ 33,000,000
HVDC T-Line AFUDC (Included) (Included) (Included)
HVDC T-Line Contingency (Included) (Included) (Included)
TOTAL - Transmission Line S 58,000,000 S 25,000,000 S 33,000,000

Table 4: HVDC Upgrade Project — Transmission Line Modifications Cost Breakdown

The cost of increasing the capacity of the transmission line from 550 MW to 900 MW will be assigned to
the TSRs in its entirety. The TSR associated with Project A727 will be assigned the entire cost of increasing
the capacity from 550 MW to 750 MW, consistent with the TSR amount requested for that project. The
TSR associated with Project A746 will be assigned the entire cost of increasing the capacity from 750 MW
to 900 MW, including the cost of the reconductored segment of 2312 ACSR discussed in Section 3.2.
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Section 4: AC Interconnection Facilities

4.1 Background

The new VSC HVDC converter stations cannot be retrofitted into the existing converter station buildings,
requiring that they be constructed on a new site nearby. Additional AC interconnection facilities must be
constructed to re-connect the new converter stations to the existing transmission system near the existing
points of interconnection. As noted in Section 2, the new HVDC converter stations will be designed to
interconnect at 345 kV on the AC system side as part of preserving long-term capacity expansion
opportunities to maximize use of the HVDC line.

To accommodate interconnection of the new HVDC converter stations, new AC interconnection facilities
will be constructed including new 345/230 kV substations, 345 kV transmission lines, and 230 kV
transmission lines. The AC interconnection facilities will be permitted and constructed by Minnesota
Power as part of the HVDC Modernization Project.

4.2 Scope of Work

In Minnesota, to connect the new HVDC terminal to the existing AC system, the Project will require the
construction of a new St. Louis County 345/230 kV Substation located less than one mile west of the
Arrowhead Substation. The new HVDC converter station will be connected to the new St. Louis County
Substation by a new 345 kV transmission line and the St. Louis County Substation will be connected to the
existing Arrowhead Substation by two parallel 230 kV lines. At Arrowhead Substation, the two new 230
kV lines will be interconnected to the existing HVDC Pole 1 and Pole 2 bus positions, which will be rebuilt
with higher-capacity bus and electrical equipment to accommodate the increased HVDC capacity.
Additionally, a short portion of the existing £250 kV HVDC Line in Minnesota will be reconfigured to
terminate at the new HVDC converter station.

In North Dakota, a new Nelson Lake 230 kV Switching Station will be established to tie together the
existing Minnesota Power Square Butte East — Bison 230 kV Line with the existing Great River Energy
Square Butte — Stanton 230 kV Line. A second 230 kV circuit will be added between Nelson Lake and
Square Butte East using existing double-circuit capable structures. The Project will then require an
expansion of the Nelson Lake 230 kV Switching Station to add a 345/230 kV transformer and 345 kV line
entrance. A new 345 kV line will be constructed from Nelson Lake to the new HVDC converter station,
where a new 345 kV bus will be required to interconnect the new line. Additionally, a portion of the
existing £250 kV HVDC Line will need to be reconfigured to terminate at the new HVDC converter station.

Figure 2 shows the pre-project configuration of the existing Square Butte HVDC system and its
interconnections to Square Butte East 230 kV and Arrowhead 230 kV. Figure 3 shows the post-project
configuration after establishment of the Nelson Lake and St Louis County 345/230 kV Substations and
interconnection of the new VSC HVDC converter stations.
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Figure 2: Pre-Project Configuration of HVDC Interconnections

Figure 3: Post-Project Configuration of HVDC Interconnections
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4.3 Cost Assignment

The anticipated costs of AC Interconnection Facilities necessary to connect the relocated VSC HVDC
converter stations to the existing AC transmission system are shown in Table 5. Costs for AC
interconnection facilities were developed based on the MISO MTEP22 Cost Estimation Guide and are
presented in 2022 dollars. The MTEP22 cost estimation guide assumptions included adders for both
AFUDC and contingency. If design assumptions change significantly during the development of the project,
the base costs shown in Table 5 may change.

HVDC 900 MW Upgrade Estimated Total Amount Amount
Project #A727 = 200 MW AC Interconnection | Assigned to Assigned to
Project #A746 = 150 MW Upgrade Cost Project #A727 Project #A746
Minnesota AC Interconnections = S 55,000,000 S 7,000,000 S 5,000,000
North Dakota AC Interconnection’ $ 40,000,000 '$ 4,000,000 $ 3,000,000
Nelson Lake 230 kV Substation S 20,000,000 S 4,000,000 S 3,000,000

TOTAL - AC Interconnections S 115,000,000 $ 15,000,000 $ 11,000,000

Table 5: HVDC Upgrade Project — AC Interconnection Facilities Cost Breakdown

Due to Minnesota Power’s previously-identified need to modernize the existing HVDC converter stations
and the additional future capacity considerations included with the project, Minnesota Power is proposing
to share in some of the AC Interconnection Facility costs. Therefore, as shown in in Table 5, the two TSRs
will each be responsible for a portion of the AC Interconnection Facility costs and Minnesota Power will
also bear a portion of the cost.
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Section 5: Required Permits

Due to the relocation of the converter stations and the length of new AC interconnection facilities require
to re-connect to the existing system, the HVDC Modernization Project will require state-level permits in
both Minnesota and North Dakota. In Minnesota, a Certificate of Need and Route Permit will be required
from the State of Minnesota. In North Dakota, a Certificate of Corridor Compatibility and a Route Permit
will be required. Minnesota Power will obtain the necessary permits in both states.

Section 6: Project Schedule

The anticipated schedule for the Square Butte HVDC Upgrade is shown in Table 6. If there are delays in
obtaining state-level permits, major changes in the expected scope of the HVDC Upgrade, or unanticipated
delays due to supply chain or labor availability, then the schedule may change.

Milestone Tentative Months
Date from Start
Facilities Construction Agreement Executed May-2023 0
Minnesota Certificate of Need Application Filed May-2023 0
North Dakota Certificate of Need Application Filed Oct-2023 5
Begin Front End Engineering & Design with HYDC OEM Jan-2024 8
Major Permits Received in Minnesota & North Dakota Jul-2024 14
Order Long Leadtime Equipment for AC Substations Nov-2024 18
Clearing Begins Jan-2025 20
Construction of AC Interconnection Facilities Begins May-2025 24
Construction of HVDC Transmission Line Upgrades Begins Aug-2025 27
Receive Firm Proposal from HVDC OEM Aug-2026 39
Execute Firm EPC Contract with HVDC OEM Oct-2026 41
Construction of HVDC Converter Stations Begins Oct-2027 53
Commercial Operation Date Apr-2030 83

Table 6: Square Butte HVDC Upgrade — Anticipated Project Schedule

Bipole HVDC outages will be required throughout the construction period to facilitate the Transmission
Line Modifications. To the extent reasonable, this transmission line construction will be coordinated with
HVDC converter station outages during construction to minimize downtime as much as possible.
Therefore, the transmission line modifications are expected to be executed in stages over the course of
the HVDC Upgrade construction period.
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1. Background — Minnesota Power’s experience
2. Planning for a power grid with high amounts of variable generation

3. Technical attributes of Voltage Source Converter (VSC) HVDC

Long-distance transfer capability (covered by MISO 3/8/23)
Reactive power and voltage support

DC line fault clearing and recovery
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Dispatch and controllability

E. Grid-forming & Black Start restoration

4. Conclusions

Appendix
A. VSC-HVDC Projects Worldwide
B. Comparison of 765kV AC and VSC-HVDC
C. Conversion of AC Lines to HVDC Lines
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BACKGROUND: MINNESOTA POWER’S EXPERIENCE

The Square Butte HVDC Corridor

e 550 MW of existing capability (Center-Arrowhead)
e 465 miles of +/- 250 kV HVDC transmission line
e 3200 line structures and 2 converter stations

e Putinservice in 1977 to deliver “coal by wire” from
ND coal fields to MP customers in NE Minnesota

* Acquired by MP in 2009 and repurposed to deliver
wind and renewable energy to MP customers

* Converter stations are now 45 years old and in need
of modernization

When it was originally commissioned,
Square Butte was the first long-distance
project in North America to implement 12-
pulse thyristor technology
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MP & RBJ HVDC TECHNOLOGY ASSESSMENT

How to Develop a Long-Term Solution for Square Butte HVYDC Modernization?
MP and RBJ Engineering worked together to complete a HVDC Technology Existing Arrowhead HVDC Converter Station
Assessment and prepare recommendations on optimal near/term long-term solutions

Key Considerations:

1. Modernization: Address asset renewal needs by replacing existing converter
stations ASAP

2. Long-Term Technology: Implement converter technology that does not
become obsolete or un-upgradeable prior to normal end-of-life (35-40 years)

3. Future Proof: Robust to navigate changes in the surrounding transmission
system, particularly for weaker transmission systems with high penetration of
inverter-based resources

4. Performance Features: Self-sufficient in reactive power requirements, bi-
directional dispatch capability, smooth & continuous P&Q control range, sub-
hourly dispatchability without mechanical var switching, black start capable

Supplier Workshops: A questionnaire with 40 specific technical and commercial
questions was developed and three major suppliers — Siemens, Hitachi, and GE —
were invited to join MP & RBJ for individual one-day technical workshops to
discuss the questionnaire and configurations. Suppliers were also asked to
respond in writing to the questionnaire.
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TECHNOLOGY ASSESSMENT FINDINGS

Conclusion: VSC technology brings many technical advantages that LCC technology does not.
As the power system continues to evolve around the clean energy transition, the value-added
technical attributes of VSC technology will make it the most flexible and future-proof option for
new HVDC development. VSC technology currently dominates the HVDC market, and some
suppliers are moving away from LCC technology entirely.

HVDC Technology Comparison

Future-Proof Technology No Yes
Reactive Power Requirements AC Filters/Shunt Caps Self-Provided
Dynamic Voltage Support Not Included Included

AC System Harmonic Impact Requires AC filters Minimal
Black Start Capability No Yes

Risk of Commutation Failure Due to AC faults Susceptible Relatively Immune
Minimum AC System Short Circuit Ratio < 2.0 No Yes
Long-Term Outlook for Development & Support Fewer Projects More Projects
Outdoor Equipment Most Least
Building Size Moderate Larger
Converter Power Losses Moderate Slightly Higher
Bi-Directional Flow and Dispatch Frequency Limited Flexibility Highly Flexible
HVDC Line Fault Recovery Performance Faster Slower (Half-bridge)
Reliability & Availability Similar Similar VSC Converters. Photo Credit: Siemens Energy
Expandability Options Yes Yes
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Long-Term regional overlay solutions depend heavily on the nature of the grid in the future.
Decisions made today will define the transmission development path over the next several decades.

Critical Considerations:

* A highly variable, distributed, low baseload generation system is very different from what exists today

e AC transmission solutions have large variability in reactive power over the load range and depend more heavily
on system strength and voltage regulation from traditional generation or other devices (e.g. synchronous
condensers, STATCOMs, switched capacitors) requiring more technology additions

e VSC HVDC transmission solutions are less dependent on system strength and provide their own voltage
regulation and controllability at the terminals with no requirement for reactive injection at intermediate points
— which makes them better suited for a grid with large amounts of variable generation

System strength and voltage support, as well as additional grid-supporting attributes of VSC HVDC
technology, tend to levelize the holistic cost comparison between VSC HVDC and AC-only solutions
when considering the future, renewable-heavy power system.
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' TECHNICAL ADVANTAGES OF VSC HVDC TECHNOLOGY

* The following slides provide a more detailed overview of some
of the technical attributes of VSC HVDC, including:
— Reactive support and voltage control
— Internal fault clearing and power recovery
— Power flow control and dispatchability
— Grid-forming and Black Start restoration







Docket Nos. E0O15/CN-22-607
EO015/TL-22-611
LPI IR 005.06 Attach

REACTIVE SUPPORT AND VOLTAGE CONTROL

Page 8 of 21

AC Transmission

VSC HVDC

AC lines generate large amounts of vars can affect by
the broader AC system. They need to be absorbed at
light load and sourced from the system at high load.
This requires manual coordination of shunt reactors,
series capacitors, STATCOMs and Tap-changing
transformers

Line Charging (Mvar/mile)

0 200

400
AC Line Voltage Level (kV)

600 800

765kV line =»4Mvar/mile at nominal voltage

VSC HVDC terminals can be designed to produce or

absorb reactive power to about 0.95 pf at maximum
power transfer. HVDC can control both terminal AC

voltages automatically to an operator setpoint.

Q

) For a 3000 MW bipole

’ VSC HVDC line, this is like
having 2x500 MVAR

STATCOMs on each end
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IMPACT OF FAULT CLEARING & RECOVERY

'

e EHV AC and VSC HVDC line faults have different impacts on
the surrounding AC power system

e For Bipole HVDC systems, Single pole faults retain inherent
redundancy of transfer capability (50%) and voltage support
from the healthy pole

* For Symmetrical monopole and Bipole systems, 100% loss
of transfer needs to be planned for, but impacts can be
managed in real time through HVDC system dispatchability
if AC system has constraints

e VSC HVDC DC line fault clearing and recovery is different
from EHV AC line fault clearing and recovery, but not
necessarily worse

 Depending on EHV AC protection settings, recovery times
may not be significantly faster than VSC HVDC, while VSC
HVDC provides better support for surrounding system
voltages during recovery
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RECOVERY FROM LINE FAULTS - ILLUSTRATIVE EXAMPLE

Attribute AC Line VSC HVDC
Clearing Time 50 ms 83 ms
Power Transfer
Reduction? 80 percent 50 percent
Reclose?/Restart 1300 ms 1500 ms

3
Return to Full Power ~1300 ms 2000 ms
(Uncompensated)
Return to Full Power 2300 ms N/A

(Compensated? AC Line)

Notes
1. Assuming single line to ground AC / single pole HVDC fault

2. Single pole trip and reclose time for 765 kV AC subject to detailed
design studies to ensure full dissipation of induced currents.
HVDC restart time based on half-bridge VSC converters.

3. Return to full power for 765 kV AC depends on surrounding
system impacts. Generator tripping may reduce post-fault flow

4. For series-compensated AC transmission, series capacitor re- Conclusion: Fault clearing & recovery for VSC-HVDC is not significantly worse compared

insertion is typically delayed from reclosing. Estimated about .
~30% reduct}’gn in Z)owerytransfer until sefes capacitors are to EHV AC. In fact, some attributes of VSC-HVDC are better than EHV AC

restored to service
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MISO has substantial experience in real-time optimization of regional interfaces including those with

HVDC lines for thermal as well as transient or voltage stability limitations
— Real-time fault recovery assessment being performed on interfaces using TSAT

(examples include Square Butte, MN/W!I, North Dakota Export, Coal Creek area, etc)

VSC-HVDC provides full controllability of DC power transfer to optimize dispatch and manage
underlying system impacts

— Bidirectional flow from 0 to rated power in either direction
— Redispatchable on sub-hourly time interval, including 5-minute dispatch capability
Flexible & programmable control modes to respond to system conditions
— HVDC lines may be set up to follow power angle difference between the terminals (similar to an AC line)

— HVDC lines may be dispatched based on market price signals or the output of specific generators

In case of Bipole outage, it is similar to the loss of a large AC transmission line, but inherent power
flow controllability creates optionality to proactively manage underlying system impacts:

— Real-time optimization based on contingency analysis can be used to set HVDC transfer limits
— Offline studies may define HVDC transfer limits if AC outlets are not yet constructed

— Nearby HVDC lines can be set to respond dynamically following bipole tripping
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' GRID-FORMING AND BLACK START RESTORATION

e VSC converters allow the operation of portions of the power system asynchronously from
the rest of the grid and include grid-forming controls that enhance reliable operations

e Grid-forming provides unique advantages and opportunities compared with AC
transmission:

— The VSC HVDC system can be used to operate large amounts of renewable energy resources or large
load pockets with no direct AC interconnections. The converter acts as frequency and voltage control
for the asynchronous system, enabling it to operate islanded from the rest of the grid

— The VSC HVDC system can be used as a Black Start cranking path for power system restoration in either
direction assuming at least one terminal has a strong source available. This capability is inherent in
the converters but requires the installation of additional controls and a (very) modest amount of
additional equipment such as diesel generation to supply startup aux power at the converter stations.

— The VSC HVDC converters can be operated as STATCOMs when the HVDC line is unavailable, providing
voltage control and reactive power support to the transmission system during normal operation or
Black Start restoration

e Grid-forming controls mirror synchronous generator attributes like frequency response
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Voltage source converter (VSC) HVDC is the predominant technology in the HVDC market today

Technical attributes of VSC HVDC make it uniquely suited for the clean energy transition, particularly:

Bulk transfer capability over long distances

Inherent dynamic reactive power and voltage control to support the grid
Dispatch and controllability for flexible power flow control & optimization
Grid-forming controls, including frequency & potentially synthetic inertia

Potential for black start restoration

VSC HVDC converters on the receiving end can be like the dispatchable power plants of the future

Ideal locations for VSC HVDC converters:

Retiring dispatchable generator locations, major load centers

Existing LCC HVDC converter stations, major transmission hubs

Power flow control inherent in VSC HVDC technology can be leveraged to incrementalize HVDC solutions,
allowing the underlying system & the regional grid to “grow into” high-capacity HVDC once it is established
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APPENDIX A
VSC-HVDC PROJECTS WORLDWIDE
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VSC-HVDC PROJECTS WORLDWIDE

(NOT A COMPREHENSIVE LIST)

1 Cross Sound Cable +150 2002 Dogger Bank B Interconnector +320 1200 2024 Lake Erie 1000 2028
2 Estlink Estonla/FlnIand 105 +150 350 2006 40 DolWin5 Germany 130 +320 900 2024 77 Spain-France interconnector Spam and France 500 2x1000 2028
3 Caprivi Link Namibia 950 #350 300 2010 41 Greenlink interconnector Ireland/UK 190 #320 500 2024 78 Borwin4d Germany 320 900 2029
a4 Trans Bay Cable USA 85 +200 400 2010 42 QingchongHaifeng China 100 500 2000 2024 79 Xlinks2 Morocco-UK 3800 1800 2029
5 BorWinl Germany 200 *150 400 2012 a3 Creyke Beck B UK 130~ +320 1200 2024 80 EastenLink (E4D3) UK 490 525 2000 2029
6 EirGrid East West Interconnector Ireland/UK 260 200 500 2013 a4 Ultranet Germany 340 4380 2000 2024 81 Balwinl Germany 525 2000 2029
7 BorWin2 Germany 200 +300 800 2015 45 Baihetan-Jiangsu China 2000~ +800 8000 2024 82 Marinus Link (Phase 2) Australia 750 2030
8 DolWin1 Germany 165 +320 800 2015 46 Northconnect UK-Norway 655 +525 1400 2024 83 BalWin2 Germany 525 2000 2030
9 HelWinl Germany 130 #250 576 2015 47 Norfolk Vanguard,wind farm UK 110 1800 2025 84 BalWin3 Germany 525 2000 2030
10 HelWin2 Germany 130 +320 690 2015 48 Norfolk Boreas, wind farm UK 110 1800 2025 85 Eygpt-Saudi Arabia Eygpt-Saudi 3000 2030
11 INELFE Spain/France 64 $320 2x1000 2015 49 Creyke Beck C UK 203 +320 1200 2025 86 Eurolink UK 1400 2030
12 NordBalt Sweden/Lithuania 450 £300 700 2015 50 Sofia (Teeside B) UK 227 1320 1400 2025 87 Icelink UK 1000 1000 2030
13 Skagerrak 4 Norway/Denmark 244 1500 700 2015 51 ZangdongnantoYuegangao China 2500~ +800 10000 2025 88 East Anglia 3 UK 1400 2030
14 SylWinl Germany 205 +320 864 2015 52 Mares UK-Ireland 750 2025 89 Scotland to England HVDC Scotland to England 2x2000 2030
15 DolWin2 Germany 135 +320 900 2016 53 Biscay Gulf Link France-Spain 370 2200 2025 90 Spittal to Peterhead HVDC Scotland 2000 2030
16 Maritime Link Canada 360 +200 500 2017 54 A-Nord Gennany Germany 300 525 2025 91 Arnish to Beauly Scotland 1800 2030
17 DolWin3 Germany 160 +320 900 2018 55 Gridlink UK-France 160 I 1400 2025 92 Grain Belt Express USA 1280 600 4000 2030
18 Caithness Moray UK 160 £320 1200 2018 56 Abud Dhabi UAE 140 I 3200 2025 93 TransWest USA 732mi 500 3000 2030
19 Hokkaido-Honshu Japan 122 +250 300 2019 57 BorWin 5 Germany 230 4320 900 2025 94 UMEX USA 465mi 525 1500/3000 2030
20 BorWin3 Germany 200 320 900 2019 58 Sunrise Wind USA 160 320 924 2025 95 muiden Ver Alpha Netherland 525 2000 2031
21 COBRAcable Denmark/Netherland 325 +320 700 2019 59 Champlain Hudson Power Express USA 540 +400 1250 2025 96 IJmuiden Beta Netherland 525 2000 2031
22 Nemo Link UK/Belgium 140 +400 1000 2019 60 StidOstLink Germany 500 525 2000 2026 97 Jmuiden Ver Gamma Netherland 525 2000 2031
2 fordlin g 0na /G TN G2 2 R 2020 61 Celtic Link ireland-France 750 20 700 2026 98 Doordewind 1 Netherland 525 2000 2031
24 ALEGrO Germany/Belgium 100 #320 1000 2020 500

25 IFA2 UK/France 240 320 1000 2020 62 Sunzia USA 550mi 525 3000 2026 99 Doordewind 2 Netherland 525 2000 2031
26 North Sea Link Norway/UK 720 515 1400 2021 63 SuedLink DC3 Germany 700 £525 2000 2027 100 Nederwiek 2 Netherland 525 2000 2031
27 Pugalur-Thrissur India 175 +320 2x1000 2021 64 SuedLink DC4 Germany 550 +525 2000 2027 101 Nederwiek 2 Netherland 525 2000 2031
28 SW Link Sweden 250 #300 2x720 2021 65 Higashi-Shilnizu Japan B2B 600 2027 102 Nederwiek 3 Netherland 525 2000 2031
29 ElecLink UK/France 70 +320 1000 2022 66 Xlinks1 Morocco-UK 3800 1800 2027 103 BalWin2 Netherland 525 2000 2031
30 Johan Sverdrup Phase 2 Norway 200 +80 200 2022 67 AAPL Australia- 3750 3000 2027 104 Balwin3 Netherland 525 2000 2031
31 Savoie-Piedmont Italy-France 190 +320 2x600 2023 68 EasternLink (E2DC) UK 196 525 2000 2027 105 Balwin4d Netherland 525 2000 2031
32 Viking Link UK/Denmark 740 1525 1400 2023 69 Borwin 6 Germany 235 4320 980 2027 106 LanWinl Germany 525 2000 2031
33 DolWin6 Germany 90 #320 900 2023 70 PGCILPang - Kaithal India 2x2500 2027 107 LanWin4 Germany 525 2000 2031
34 FAB Link UK-France 2x180 1400 2023 71 Marinus Link (Phase 1) Australia 750 2028 108 Australia-Tasmania interconnector Australia 345 320 2x750 2028-2031
35 Western-Isles Scotland 156 #320 450 2023 72 Neuconnect Germany-UK 725 500 1400 2028 109 LanWin5 Germany 500~ 525 2000 2035
36 Creyke Beck A UK 130~ +320 1200 2023 73 Nautilus UK 1400 2028 110 Milan-Montalto Italy 400 400 2000 2030/2032
37 Attica-Crete Greece 335 500 2x500 2023 74 DolWin4 Germany 900 2028 111 lonian-Tyrrhenian Backbone Italy 800 500 2000/1000 2035
38 Dogger Bank A Interconnector UK 207 320 1200 2024 75 Beacon Wind 1 USA 1230 2028 112 Adriatic Backbone Italy 500 500 1000/2000 2032/2036
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APPENDIX B
COMPARISON OF 765KV AC AND VSC-HVDC
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Broad HVDC advantages

Can interconnect asynchronous AC systems without inadvertent power flow or transient stability concerns

At a similar voltage level, a DC line can transmit more than double the power at around half the losses versus an AC line
Narrower right-of-way footprint than for comparable capacity AC lines—one third to one half of the width for the same capacity
Lower cost than AC for long-distance transmission—exact breakeven factor varies based on project details

Low increase in short-circuit power (less impact on underlying system)

Fast control of power flow and ability to schedule flows, and can be frequently re-dispatched

Can operate as a generation follower in isolated systems

Low outage rates and option for redundancy in case of faults

Capacity is limited only by thermal limits, rather than an additional safe loading limit

Key attributes of VSC HVDC technology

Independent and flexible active and reactive power control—improves power quality and avoids overloads on AC networks
Optional Power oscillation damping—can help stabilize AC networks

Black start capability: during AC network restoration VSC technology can provide system recovery ancillary service

Firewall against cascading system disturbances

Ideal support for AC grids with low short-circuit level and for the supply of fully passive systems

Grid forming capability and compatibility with inverter-based resources
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COMPARING VSC HVDC TO 765 KV AC
CRITICAL ATTRIBUTES FOR SYSTEM INTEGRATION

Attribute

Power Transfer
Capability

Reactive Support and
Voltage Control

Fault Performance:
General AC System
Faults External to the
Transmission Line

Fault Performance:
Faults on the
Transmission Line
(765 kV or VSC HVDC)

765 kV AC

Decreases substantially with line length/distance
Enhanced with series/shunt reactive compensation

Generates large amount of reactive power at light load
Consumes large amount of reactive power at high load
Drastic swings require additional technologies &
coordination (e.g. shunt reactors/capacitors, STATCOMs)

Generally do not trip for AC system faults but also do not
provide significant additional support

Low voltages may cause significant tripping of nearby
renewable generation with long restart time

Fault impact will be seen broadly through the system
Tripping results in significant rerouting of power onto the
underlying system, increasing reactive requirements and
potentially leading to overloading or voltage collapse
Tripping the line results in loss of short circuit level in the
area near the line, weakening the AC system

VSC HVDC (+525 kV)

Generally independent of line length/distance
Main limitations associated with equipment ratings

Designed to produce or absorb reactive power at both
converter stations

Controls AC terminal voltages automatically for steady
state and dynamic voltage regulation

Rides through AC system faults without blocking
Designed to provide dynamic support during AC system
faults, which can support improved system response
Improved voltage response results in less tripping of
nearby renewable generation

Direct fault impact on AC system is minimized by HVDC
connection configurations

Vast majority of faults are single pole, meaning the
remaining pole can continue to transfer real power and
produce/absorb reactive power to support AC system
Loss of VSC HVDC pole does not result in significant loss
of system short circuit level
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ACVS DCSYSTEM INTEGRATION COMPLEXITY AND COST

AC Transmission VSC HVDC

For fair comparison of HVDC link costs versus AC-only VSC HVDC is considered costly primarily due the high cost
solutions, all costs associated with the AC solution system | of HVDC converters, however there is significantly less
integration need to be considered: additional system integration support required:
= New interconnection facilities = New interconnection facilities
= EHV and native voltage substations, buswork, circuit = AC (345kV) substations, buswork, circuit breakers, etc...
breakers, and instrument transformers = New HVDC converter stations on each end
= New autotransformers to stepdown to native voltage = Inherent voltage and reactive power control
= Voltage and reactive power control = Inherent power flow control
= Line shunt reactors, shunt capacitors = QOther grid-supporting attributes...
= Series compensation, (if applicable) = Underlying system impacts
= STATCOMs or synchronous condensers = No impact on short circuit level
=  Power flow control — potentially = |mpacts on underlying AC transmission system can be
=  Phase shifters or other technology managed due to controllability and other features

= Underlying system impacts
= Short circuit level increases may require lower-kV circuit System integration Of VSC HVDC is much Iess Complex_ It

breakers to be replaced . has inherent value-added attributes and can usually be
= Underlying AC transmission line upgrades & expansion . . o
integrated with fewer changes to the existing system.

Final investment cost of AC-only solutions plus additional
integration requirements becomes significant when all
necessary support is considered.
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APPENDIX C
CONVERSION OF AC LINES TO HVDC LINES
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, FUTURE CONVERSION OF 765KV AC TO VSC HVDC

e Conversion of 765kV AC Line to HVDC is theoretically possible but:

— It requires acquisition of more right of way (e.g. land owner impact) than ultimately will
not be needed for the future HVDC line

— It requires initial over-investment to include HVDC insulators on the AC line, as well as
reactive support resources such as STATCOMs or synchronous condensers that are
necessary to integrate 765kV transmission but not necessary for VSC HVDC

— Where 765kV AC is not already present, it requires the development of design
standards, spare equipment programs, and maintenance programs for 765kV equipment
that is not intended to be a long-term solution

— Upon conversion to HVDC, it may require the abandonment of 765kV equipment
associated with the new line such as shunt reactors, circuit breakers, entire switchyards
and large step up transformers (e.g. additional stranded investment)

— It may negate or devalue investment in other 765kV AC lines if one line is converted for
HVDC operation; or subsequent segmentation of the new 765kV line may inhibit future
conversion to HVDC
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LARGE POWER INTERVENORS

Utility Information Request

Docket Numbers: E015/CN-22-607; E015/TL-22-611  Date of Request: November 7, 2023
Requested From: Minnesota Power Response Due: December 1, 2023

By: Large Power Intervenors (Andrew P. Moratzka, Amber S. Lee)

Information Request No. 16

Refer to Application page 18, where it states: “The VSC technology brings additional
benefits to the MISO system that should be recognized as MISO considers long-term reliability
needs. Minesota Power has initiated discussions with MISO regarding potential wholesale Tariff
changes to investigate ways to create a method to compensate Minnesota Power for these broader
system benefits.” Please provide the following:

a. What is the status of these discussions with MISO?
b. What is the timeline for any wholesale Tariff changes?
C. How will Minnesota Power’s customers benefit from any wholesale Tariff
changes?
Response:

a. Minnesota Power is actively engaged with MISO’s Reliability Imperative and Long Range
Transmission Plan (“LRTP”) Tranche 2 workshops and stakeholder meetings to ensure that
MISO includes consideration of the benefits of the VSC HVDC technology in any Tariff
or process changes needed.

b. These discussions are ongoing as MISO continues to manage the changing resource
portfolio as defined and described in the Reliability Imperative report!. No specific HVDC
Tariff changes have been identified at the time of this request and as such the timing is
unknown.

! https://www.misoenergy.org/about/miso-strategy-and-value-proposition/miso-reliability-
imperative/#:~:text=The%20Reliability%20Imperative%20is%20the,reliability%20in%20the%20M1SO0%20region.

Response by: Randi Nyholm
Title: RTO Coordination Manager
Department: Strategy & Planning

Telephone: 218-723-7466
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LARGE POWER INTERVENORS

Utility Information Request

Docket Numbers: E015/CN-22-607; E015/TL-22-611  Date of Request: November 7, 2023
Requested From: Minnesota Power Response Due: December 1, 2023

By: Large Power Intervenors (Andrew P. Moratzka, Amber S. Lee)

c. Minnesota Power’s customers would see cost reductions if MISO Tariff changes result in
additional compensation for these system benefits.

Response by: Randi Nyholm
Title: RTO Coordination Manager
Department: Strategy & Planning

Telephone: 218-723-7466
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LARGE POWER INTERVENORS

Utility Information Request

Docket Numbers: E015/CN-22-607; E015/TL-22-611  Date of Request: November 7, 2023
Requested From: Minnesota Power Response Due: November 17, 2023

By: Large Power Intervenors (Andrew P. Moratzka, Amber S. Lee)

Information Request No. 9

Refer to page 42 where the following is stated: “The total estimated direct cost for the AC
Alternative is nearly $1.4 billion, a 70 percent increase over the estimated mid-range cost of the
HVDC Modernization Project. Because the need for these network upgrades would be triggered
by retirement of the HVDC Line, the entirety of this cost would most likely be assigned to
Minnesota Power.”

a. Minnesota Power identified transmission line upgrades in multiple states including
lowa, North Dakota, South Dakota, and Minnesota associated with the AC
alternative. Please explain why other states would not benefit from these lines and
therefore be allocated costs.

b. As currently proposed in the Application, does Minnesota Power anticipate that its
preferred and proposed Project will include cost sharing with others? Please
explain.

Response:

a. The transmission line upgrades in question were associated with the retirement of the
HVDC line and identified in the study according to typical threshold criteria for assigning
system impacts. The upgrades are not needed if the HVDC line remains in service. Because
the need for the upgrades in the study is caused by the retirement of the HVDC line,
Minnesota Power assumed that the costs would be assigned based on this direct causation
regardless of ancillary benefits to neighboring entities. The only clear way for costs to be
assigned to others would be if the projects meet cost allocation criteria outlined in the
MISO Tariff, for example as a Multi-Value Project (“MVP”) or Market Efficiency Project

Response by: Christian Winter
Title: Manager-Regional Transmission Planning
Department: Delivery Support Operations

Telephone: 218-355-2908
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LARGE POWER INTERVENORS

Utility Information Request

Docket Number: E015/CN-22-607; E015/TL-22-611 Date of Request: November 7, 2023
Requested From: Minnesota Power Response Due: November 17, 2023

By: Large Power Intervenors (Andrew P. Moratzka, Amber S. Lee)

(“MEP”). Minnesota Power does not anticipate that upgrades associated with the
retirement of the HVDC line would meet these criteria.

b. No, at this time Minnesota Power does not anticipate its proposed Project will include cost
sharing with others. Currently, the only clear way for costs to be assigned to others would
be if the project meets cost allocation criteria outlined in the MISO Tariff, for example as
an MVP or MEP.

Response by: Christian Winter
Title: Manager-Regional Transmission Planning
Department: Delivery Support Operations

Telephone: 218-355-2908











