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. INTRODUCTION

The Department appreciates the opportunity to further comment on Minnesota Power’s Integrated
Distribution Plan (IDP) and the notice topics put forth by the Commission. The Department provides its
comments in response to select topics addressed by Minnesota Power in its reply comments and also
addresses topics for which the Department did not make a recommendation in initial comments.

1. PROCEDURAL HISTORY

On October 16, 2023, Minnesota Power (MP or the Company) filed its IDP and Transportation
Electrification Plan (TEP) in Docket No. E015/M-23-258.1 On November 15, 2023, the Commission
issued its Notice on the issues of whether the Commission should accept or reject Minnesota Power’s
2023 IDP and TEP.2 The Notice included the following topics open for comment:

2023 Minnesota Power Integrated Distribution System Plan

1. Should the Commission accept or reject Minnesota Power’s IDP?

2. Did Minnesota Power adequately address the Commission’s IDP filing requirements and
prior Orders, as outlined in Attachment A to this notice? Is additional information
necessary for improved clarity?

3. Feedback, comments, and recommendations on the following areas of Minnesota Power’s IDP:

a. Non-wires alternatives analysis and potential pilot project

b. Planned grid modernization initiatives

c. Forecasted distribution budget

d. Distributed Energy Resource (DER) scenarios and forecasts, including electric vehicle
forecasts

4. Are there any aspects of Minnesota Power’s non-wires alternative analysis or its
conclusions the Commission should address? Was the analysis conducted appropriate
and were the conclusions reasonable?

5. Has Minnesota Power appropriately discussed its plans to maximize the benefits of the
Inflation Reduction Act (IRA) and the IRA’s impact on the utility’s planning assumptions
pursuant to Order Point 1 of the Commission’s September 12, 2023 Order in Docket No.
E,G-999/Cl-22-624?

12023 Integrated Distribution System Plan, Minnesota Power, Docket No. E015/M-23-258 (October 16, 2023) (eDocket No.
202310-199614-01). Hereinafter “IDP.”

2 The comment period was extended on January 19, 2024. Notice of Extended Comment Period — In the Matter of
Minnesota Power’s 2023 Integrated Distribution Plan, Docket No. E015/M-23-258 (January 19, 2024). (eDocket No. 20241-
202350-01).



https://www.edockets.state.mn.us/edockets/searchDocuments.do?method=showPoup&documentId=%7b0084398B-0000-CB14-8871-CA705F9DFB1A%7d&documentTitle=202310-199614-01
https://www.edockets.state.mn.us/edockets/searchDocuments.do?method=showPoup&documentId=%7bE06E228D-0000-C41F-8107-F1320F5E48FB%7d&documentTitle=20241-202350-01
https://www.edockets.state.mn.us/edockets/searchDocuments.do?method=showPoup&documentId=%7bE06E228D-0000-C41F-8107-F1320F5E48FB%7d&documentTitle=20241-202350-01

Docket No. E015/M-23-258 PUBLIC DOCUMENT
Analyst(s) assigned: Diane Dietz, Peter Teigland, Daniel Tikk, Ari Zwick
Page 2

6. What should the Commission consider or address related to enhancing the resilience of the
distribution system within Minnesota Power’s IDP?

7. Other areas of Minnesota Power’s IDP not listed above, along with any other issues or
concerns related to this matter.

2023 Minnesota Power Transportation Electrification Plan (TEP)

8. Should the Commission approve, modify, or reject Minnesota Power’s Transportation
Electrification Plan (TEP)?

9. Did Minnesota Power adequately address the Commission’s TEP filing requirements and prior
Orders, as outlined in Attachment A to this notice? Is additional information necessary for
improved clarity?

10. How should the Commission consider modifications or supplements to Minnesota Power’s
Transportation Electrification Plan?

11. Should the Commission establish any procedural or filing requirements for future TEPs under
Minn. Stat. 216B.16157

12. Are there gaps in Minnesota Power’s transportation electrification programs the Commission
should address to ensure equitable customer outcomes?

13. Are there other issues or concerns related to this matter?

The Commission issued a Notice of Extended Comment Period on January 19, 2024.3 Comments were
submitted by the Minnesota Department of Commerce (Commerce or Department) % and Clean Energy
Group (CEGs)° on April 5, 2024. The Commission issued a second Notice of Extended Comment Period
on April 16, 2024.% MP submitted reply comments on April 26, 2024.” The Department submits these
reply comments in response to MP reply comments.®

3 Notice of Extended Comment Period — In the Matter of Minnesota Power’s 2023 Integrated Distribution Plan, Docket No.
E015/M-23-258 (January 19, 2024). (eDocket No. 20241-202350-01).

4 Initial comments, Minnesota Department of Commerce, In the Matter of Minnesota Power’s 2023 Integrated Distribution
Plan, Docket No. EO15/M-23-258 (April 5, 2024). (eDocket No. 20244-205042-01). Hereinafter “Department initial
comments.”

5 Initial comments, Clean Energy Groups, In the Matter of Minnesota Power’s 2023 Integrated Distribution Plan, Docket No.
E015/M-23-258 (April 5, 2024). (eDocket No. 20244-205056-01). Hereinafter “CEGs initial comments.”

6 Notice of Extended Comment Period — In the Matter of Minnesota Power’s 2023 Integrated Distribution Plan, Docket No.
E015/M-23-258 (April 16, 2024). (eDocket No. 20244-205487-01).

7 Reply comments, Minnesota Power Company, In the Matter of Minnesota Power’s 2023 Integrated Distribution Plan,
Docket No. E015/M-23-258 (April 26, 2024). (eDocket No. 20244-206050-01). Hereinafter “MP reply comments.”

8 The Department includes responses MP provided to Department Information Requests on April 5, which were not
received in time to incorporate into the Department’s initial comments. These responses are included with these comments
as Attachment A, which is submitted as a public version and a trade-secret version.
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1l. DEPARTMENT ANALYSIS

OVERVIEW OF COMMENTS

In these reply comments, the Department focuses on specific issues raised through the Notice of
Comment Period and the filed comments in this proceeding. The Department does not devote equal
attention to all topics but rather prioritizes discussion of certain matters — namely, the purpose of the
IDP and need for enhanced transparency and informational quality, and issues concerning beneficial
electrification and load forecasting.

The order of these reply comments is as follows:

Recommendation concerning acceptance of the IDP
Recommendation concerning acceptance of the TEP
Requests for additional information from Minnesota Power
The Purpose of the IDP

Recommendations for enhanced informational requirements
Beneficial electrification and related issues

Mmoo m>

A. RECOMMENDATION CONCERNING ACCEPTANCE OF THE IDP

After careful review, the Department concludes that the Company sufficiently addressed each of the
IDP Filing Requirements and Commission Orders.

The Department recommends that the Commission accept Minnesota Power’s 2023 IDP, subject to
certain modifications.

These recommended modifications are detailed in these comments.

B. RECOMMENDATION CONCERNING ACCEPTANCE OF THE TEP

In initial comments, the Department evaluated the Company’s TEP using the criteria established in
Minn. Stat. § 216B.1615, Subd. 3, and found the TEP to be reasonable and in the public interest. The
Department also requested additional information from MP. The Company’s responses to these
requests are summarized in the table below.
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Table 1. TEP Requests for Additional Information to be Provided in Reply Comments

Topic Request for Discussion/Data Relating to: Reply from MP
Off-Peak “IMP’s] strategy to increase off-peak MP indicates it does not yet have sufficient
Charging charging among EV owners in its service data to measure the effectiveness of the
territory, including its assessment of the Residential Time-of-Day rate for EV charging
effectiveness of the Residential Time-of-Day and continues to engage EV owners to
rate to promote off-peak charging.” understand adoption barriers and charging
preferences.’
Home “how [MP] plans to increase utilization of its MP indicates participation in its rebate
Charger home charger rebates.” programs has steadily increased over time,
Rebates from 4 rebates in the first year to 48 rebates

thus far in the third year, but customers do
not identify MP’s EV programs as the main
driver for EV adoption. MP anticipates that
the rebate program will grow in alignment
with EV adoption.®®

Labor Costs

“... how [MP’s] planned increased spending
for labor costs will be utilized to further
transportation electrification.”

MP indicates its labor costs assume 1.5 full-
time employees per year, consistent with
prior assumptions, but historical spending
has been lower than budgeted amounts.*!

The CEGs initial comments also requested information from MP regarding its TEP, and MP’s response
provides additional relevant information regarding MP’s promotion of off-peak charging. MP indicated
that it is aware of 56 EV owners participating in the Residential Time-of-Day rate and noted that
additional EV owners may not have notified MP at the time of EV purchase and may also be
participating in the rate.'? The Department notes that more than twice as many EV owners participate
in the Residential Time-of-Day rate than the 27 customers enrolled in MP’s Residential EV tariff.13

The Department has reviewed MP’s responses and concludes that the Company has generally
responded sufficiently in its reply comments to the Department’s requests for additional information.
The Department maintains its conclusion from initial comments that the Company’s TEP is reasonable
and in the public interest and sufficiently addressed the TEP Filing Requirements.

9 MP reply comments at pages 10-11.
10 MP reply comments at page 11.

" Ibid.

12 MP reply comments at page 3.
131DP Appendix E, TEP at page 10.
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The Department recommends that the Commission approve Minnesota Power’s 2023 TEP.

C REQUESTS FOR ADDITIONAL INFORMATION FROM MP

In its initial comments, the Department requested additional information and also made
recommendations for future modifications. MP’s responses to these requests and recommendations
are summarized in the two tables below.

In this section, the Department provides discussion and recommendations to improve the quality of
information in MP’s IDP, to enhance the usefulness of this plan. The Department stresses that the IDP
is the venue for the Company to provide detailed information about its grid investment plans. Even if
the Company has already provided relevant information in another proceeding, it should not fear
redundancy in including the same information in the IDP. Moreover, the fact that information has
already been filed in a separate proceeding does not necessarily obviate the need for MP to include
the same information in its IDP.

Table 2. IDP Requests for Additional Information to be Provided in Reply Comments

Electrification

Topic Request for Discussion/Data Relating to: Reply from MP
“... how [MP’s] distribution system planning MP anticipates increased electrification from
will evolve with the incorporation of IRA and ECO programs and intends to refine
additional impacts from the IRA.” its DER forecast as more information is
IRA Impacts . . o
available. MP indicates that it will leverage
AMI and other existing data sources to assist
in planning.'4
“... how to schedule the IDP filing to better MP supports the Department’s interest in
IDP integrate the IDP’s inputs and outputs with streamlining the IDP process and further
Scheduling other Commission proceedings in reply discussion about improving coordination
comments.” between the IDP and other proceedings.?’
“...provide data on the fraction of its MP provides two tables on percentage of
Beneficial customers that rely on the primary heating households by fuel type and by heating

sources of natural gas, electric resistance
heat, or all other heat sources.”

equipment and discusses the 2018
Minnesota Energy Efficiency Potential Study
where the survey data were collected.®

NWA Process

“Include calculated benefits for all
Minnesota Test Cases, and to the extent
practicable, present the results in reply
comments.”

MP states that it is not feasible to provide
these calculations in reply comments but
indicates that it will evaluate and
incorporate benefits into the 2025 IDP.%

4 MP reply comments at page 9.

15 MP reply comments at page 10.

16 MP reply comments at pages 9-10.
17 MP reply comments at page 6.
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Page 6
Topic Request for Discussion/Data Relating to: Reply from MP

“Recalculate its BCA benefits starting with an | MP provides a table with Avoided Capital

“Avoided Capital Cost” benefit at the Cost benefits moved to the beginning of the

beginning of the BCA period of analysis and cost-benefit analysis period.®

present the results in reply comments.”

“Discuss in reply comments planned 2023 to | MP states that the Kerrick Battery Energy

2027 budget allocations for the Kerrick, Storage project is the only project MP is

Wrenshall, Silver Bay, and Cloquet NWA developing—and that the estimated budget

projects, including any budget dedicated to allocation for this project is $1.8M in 2024

NWA solutions.” and $1.2M in 2025. MP indicates that the
budget is subject to updates once a vendor
is selected.?®

“Present the full BCA for each NWA project MP states that cost-benefit analyses (CBAs)

studied by Black & Veatch in reply were delayed during the discovery process,

comments.” but that full CBAs were provided in the
response to DOC IR 042.%°

“...present in reply comments additional MP indicates its intentions to expand the

information about its FLISR program, which fiber optic network and evaluate each

includes a discussion of the cost recovery distribution feeder for the best FLISR

mechanism, an analysis of alternative solution available. MP identifies barriers to

investments, a discussion of customer its plan including lack of an available feeder

anticipated benefits, a discussion to manage | to create a back-up feed and cost-

Grid bill impacts, a presentation of the impact to | prohibitive fiber communication. MP

Modernization

the net present value of system costs, and a
cost-benefit analysis, if available.”

anticipates FLISR benefits to include
improved reliability and resiliency. MP states
that FLISR costs will be recovered through
rate cases, and that it is seeking grant
funding to help manage bill impacts. MP
does not provide a CBA or impacts to NPV of
system costs.??

18 MP reply comments at pages 6-7.
1% MP reply comments at page 7.
20 MP reply comments at page 7.
21 MP reply comments at pages 7-8.



Docket No. E015/M-23-258
Analyst(s) assigned: Diane Dietz, Peter Teigland, Daniel Tikk, Ari Zwick

Page 7

PUBLIC DOCUMENT

Topic

Request for Discussion/Data Relating to:

Reply from MP

“...present in reply comments additional
information about its Smart Sensor program,
which includes a discussion of the cost
recovery mechanism, an analysis of
alternative investments, a discussion of
customer anticipated benefits, a discussion
to manage bill impacts, a presentation of the
impact to the net present value of system
costs, and a cost-benefit analysis, if
available.”

MP indicates that Smart Sensors will provide
system visibility where SCADA and fiber
communication is not readily available, and
anticipates benefits to include improved
reliability, resiliency, and power quality. MP
states that program costs will be recovered
through standard rates, and that it is seeking
grant funding to help manage bill impacts.
MP does not discuss alternative
investments, nor does it provide a CBA or
impacts to NPV of system costs.??

“...present in reply comments additional
information about its OMS and GIS
programs, which includes a discussion of the
proposed budget, deployment plan, cost
recovery mechanism, an analysis of
alternative investments, a discussion of
customer anticipated benefits, a discussion
to manage bill impacts, a presentation of the
impact to the net present value of system
costs, and a cost-benefit analysis, if
available.”

MP indicates that the OMS has a budget of
S4 Million, and GIS has a budget of $2.07
Million, with deployment anticipated in
December 2024 for both programs. MP
indicates that program benefits are
discussed in the IDP at pages 41-44. MP
states that program costs will be recovered
through rate cases, and that it is seeking
grant funding to help manage bill impacts.
MP does not discuss alternative
investments, nor does it provide CBAs or
impacts to NPV of system costs.?

“...provide in reply comments a status
update of any plans and budgets to deploy
its EMS upgrade, a DERMS, or ADMS in its
2023 to 2027 budget.”

MP states that EMS was upgraded in
February 2024, and indicates that it has no
current plans to install DERMS or ADMS
between 2023-2027.%

After careful review, the Department concludes that the Company has generally responded sufficiently
in its reply comments to the Department’s requests for additional information. However, the
Department notes that certain required information on grid modernization is still missing. Notably, MP
has not provided cost-benefit analyses for FLISR, the Smart Sensor program, or OMS and GIS projects.
These informational gaps are discussed in a subsequent section of these comments.

22 MP reply comments at page 8.
23 MP reply comments at pages 8-9.
24 MP reply comments at page 9.



Docket No. E015/M-23-258
Analyst(s) assigned: Diane Dietz, Peter Teigland, Daniel Tikk, Ari Zwick

Page 8

PUBLIC DOCUMENT

Table 3. IDP Requests for Additional Information to be Provided at a Later Date

Topic

Request for Commission to Direct MP to:

Reply from MP

NWA Process

“Consider demand response, energy
efficiency, and renewable generation into its
NWA process for the 2025 IDP.”

MP indicates that it will evaluate
incorporating the requested information in
the next IDP.%

“Calculate future NWA ratepayer disbenefit
categories based on the ratepayer cost of
outages rather than in the calculated
categories of “Compliance Risk,” “Power
Quality Consequences,” and “Improved
Customer Satisfaction.””

MP indicates that it will evaluate
incorporating the requested information in
the next IDP.%®

“Present an NWA process, which includes
the project screening process, the NWA
analysis scope of work, cost estimation, and
the Engineering, Procurement, and
Construction (EPC) process, timeline and
goals in its next IDP.”

MP states that evaluation for NWAs is more
cost-effective on a case-by-case basis rather
than through a blanket process.

MP acknowledges the important role of
NWAs, but notes that most spending in the
IDP is tied to replacing aging assets, and
states that NWAs cannot displace these
needs.?’

Beneficial
Electrification

“...file a supplemental filing that

proposes a plan to accelerate beneficial
electrification for its customers, including a
discussion of how to incentivize dual fuel
adoption, and provide forecasts of expected
grid impacts of the same.”

MP discusses its intentions to encourage
beneficial electrification through modifying
its 2024-2026 ECO Plan (including
incorporating efficient fuel switching
measures) and engagement with IRA HOMES
and HEAR programs. MP states that it likely
won’t have data on electrification impacts
prior to the next IDP. MP requests that
distribution impacts from electrification
continue to be explored through the IDP
rather than in a separate filing.%®

Resiliency
Metrics

“...develop a suite of metrics to track
resiliency, including SAIDI and SAIFI, MEDs,
and other metrics to the extent warranted.”

MP states that it already files resiliency
metrics in its Safety, Reliability, and Service
Quality filing.?®

The Department has certain concerns relating to MP’s responses to requests for additional information
on NWAs, on beneficial electrification, and on resiliency performance. These concerns are detailed in
the sections that follow.

25 MP reply comments at page 4.
26 MP reply comments at page 4.
27 MP reply comments at page 6.
28 MP reply comments at page 5.
2% MP reply comments at page 5.
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D. THE PURPOSE OF THE IDP

The Department notes the need for clarity about the purpose of the IDP in Minnesota. The Department
stresses that a clearer understanding of the Commission’s view on this matter is needed to establish
objective standards of review for the IDP and to resolve potential disagreements relating to the extent
of information that MP should reasonably be expected to provide in its IDP filings. Moreover, certain
topics in the Notice of Comment Period for this proceeding invite clarification on the role of the IDP.
For example, Topic 2 asks whether “additional information [is] necessary for improved clarity.”

The Department has reviewed MP’s IDP based on its view of the objectives of the IDP, which is
informed by the language of the Commission’s IDP filing requirements. In the Department’s view, the
IDP is intended to be informational in nature, but with enough substance to be able to inform decisions
made in other proceedings, including cost recovery proceedings. To this end, the Department is
encouraged by the Company’s statement in reply comments in support of further discussion on
improving the coordination between the IDP and other proceedings.*°

The Department notes that its recommendations in these comments are geared toward improving the
guality of information included in MP’s IDP with an eye toward improving the coordination between
the IDP and other proceedings and enhancing the usefulness of the IDP to inform cost recovery
proceedings.

E. RECOMMENDATIONS FOR ENHANCED INFORMATIONAL REQUIREMENTS

In this section, the Department provides discussion and recommendations to improve the quality of
information in MP’s IDP, to enhance the usefulness of this plan. The Department especially focuses on
the need for detailed information about grid modernization investments, other distribution grid
spending, NWAs, and on resiliency reporting.

The Department stresses that the IDP is the venue for the Company to provide detailed information
about its grid investment plans. In its IDP, MP should clearly identify its grid investment objectives and
the benefits and costs of its planned investments. Further, goals, benefits, and costs should be
guantified to the maximum extent possible, although the Company should still address these effects
qualitatively if complete quantification is not possible. Even if the Company has already provided
relevant information in another proceeding, it should not fear redundancy in including the same
information in the IDP.

i.  Grid Modernization Investment Plans and Cost-Benefit Analysis

Noting a lack of information about grid modernization investment plans in MP’s IDP, the Department
requested MP to provide in reply comments discussion in the following areas related to its grid
modernization investments:

To the extent practicable, the Department expects a discussion of the
overall investment plan (Filing Requirement 3.D.1.a) and a discussion of

30 MP reply comments at page 10.
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customer anticipated benefit and cost (Filing Requirement 3.D.1.g). For
projects over $2 million, the Department expects a discussion of the above,
as well as a discussion of alternative investments that were analyzed (Filing
Requirement 3.D.1.c), a discussion of a plan to mitigate bill impacts (Filing
Requirement 3.D.1.i), a presentation of the net present value of system
costs (Filing Requirement 3.D.1.j), and a cost-benefit analysis of the project
(Filing Requirement 3.D.1.k).

First, the Department clarifies that the $2 million threshold established in the excerpted section above
was included in error, but the Department decided not to formally issue a correction of its initial
comments. The Department clarifies that it is not recommending that there be any cost threshold
bearing on the requirement for the Company to evaluate alternatives, bill impacts, or NPV impacts for
grid modernization projects, nor should there be a cost threshold limiting when the Company is
obligated to provide CBAs for these projects.

In these reply comments, the Department has focused on the missing grid modernization information
in MP’s IDP out of a view that reviewing grid modernization in an integrated context is especially key to
achieving the objectives of the IDP. As the Department has recently expressed in its comments in other
proceedings, grid modernization investments are often optional, interdependent, and interactive with
other parts of the distribution grid and so evaluation of their cost effectiveness is most appropriately
undertaken in an integrated context.

Unlike traditional grid investments that are generally not optional, grid modernization investments are
often undertaken electively, because they promise to yield incremental benefits. These benefits may
include avoidance of the need for traditional investments, but it is incumbent on the utility to
demonstrate that the benefits justify the (elective) costs. This evaluation of benefits and costs should
assess the range of alternatives and account for both interdependencies between grid modernization
components and interactions with the wider grid.

The Department maintains its position from initial comments that MP has not provided all of the
required information on benefits and costs for its grid modernization investments. Even if cost
recovery is not at issue, the Company should still be including the pertinent cost and benefit
information about these investments in its IDP. Specific informational deficiencies are discussed in the
following sections. Specifically, the Department observes that the Company has not provided cost-
benefit analyses for its FLISR project, Smart Sensor Program, or OMS and GIS projects, though the
Department understands the IDP filing requirements as establishing the need for the Company to
provide CBAs for each of these projects and programs.

The Department recommends that the Commission direct MP to file separate cost-benefit analyses
for FLISR, the Smart Sensor Program, OMS, and GIS, through supplemental filings, to be provided
within 180 days of the Commission’s final Order in this proceeding.
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ii. ~ Measuring the Impact of Distribution Grid Investments

To optimize planning and investment, MP should also endeavor to quantify the impacts of its
traditional distribution grid investment in key dimensions. While the informational requirements for
grid modernization are more stringent and extensive for the reasons discussed above, MP should still
aim to quantify the impacts of its traditional expenditures on reliability and capacity. By quantifying the
impacts of its investments, MP can better demonstrate that its various budgets are right-sized, with
cost effective investments in grid modernization to maximize customer benefits and minimize overall
costs.

To this end, and to the extent relevant and measurable, the Company should be quantifying the
following impacts for its investments, irrespective of whether investments are required or
discretionary:

e Capacity — marginal expected increase in MW capacity (at the level of
system/substation/feeder)

e Reliability — marginal expected increase in reliability, as per SAIDI/SAIFI or other metrics

e Ratepayer impacts — marginal increase/decrease in rates and average bills

e Equity impacts — impacts on reliability, rates/bills, or other metrics by income group, race,
environmental justice community, and potentially other dimensions.

The Department recognizes that quantifying investment impacts may be challenging. The Department
thus provides the following recommendation, with scope for MP to address how it will be best able to
guantify investment impacts.

The Department recommends that the Commission direct MP to provide a proposal for measuring
the capacity, reliability, ratepayer, and equity impacts of its distribution grid investments in its next
IDP. This proposal should specifically address the level of granularity at which MP will evaluate these
impacts for each budget category, indicating for each category whether MP plans to measure these
impacts at the level of the budget category, program, project, or at some other level of resolution, or
not at all, and specifically accounting for the impact of any expected changes to IDP budget
categories.

iii. NWA Process

The Department requested that Minnesota Power present and discuss an NWA process in its next IDP,
for better transparency and in part to comply with Filing Requirements 3.E.2.d and 3.E.2.b. In the
Department’s view, Minnesota Power has not fulfilled this request. Instead, MP stated that
establishing a blanket NWA process should not be pursued as it is less cost-effective compared to case-
by-case NWA evaluation.3!

31 MP reply comments at page 6.
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The Department reiterates its request that the Company present and discuss an NWA process even in
the event that such a process is not as cost-effective as case-by-case analysis, as the Company declares.
Establishing a screening process is essential to ensure that MP remains compliant with the filing
requirements and will help to avoid the scenario in which MP has an NWA-eligible project but has not
conducted an NWA analysis. The Department is not in a position to independently evaluate NWA
suitability and request NWA studies in the IDP, so the Department is reliant on MP’s own due diligence
— hence, the need for MP to establish and provide clear screening criteria.

Notwithstanding MP’s assertions about the costs of establishing a screening process, the Company did
not provide any evidence in support of its claim that such a process would in fact be less cost effective.
Additionally, the case-by-case analysis as currently occurring is not compliant with the filing
requirements and as such must be adjusted. The Company provided no statements regarding the
compliance of the current case-by-case process with Filing Requirements 3.E.2.d and 3.E.2.b.

The Department recommends that the Commission provide clarification as to whether the current
NWA analysis conducted by the Company is compliant with Filing Requirement 3.E.2.d and 3.E.2.b. If
the Commission believes that the current analysis is not compliant, the Department recommends
that the Commission require the Company to file a compliant NWA process in its 2025 IDP.

a. Avoided Capital Costs

In the initial comments, the Department discussed the proper methodology of conducting “avoided
capital cost” benefits in the CBA by realizing the benefit in the first year that the wired solution is
deferred.3? The Department is pleased that Minnesota Power reproduced Table 6 - Business Case
Summary from the initial IDP with this updated change.33 The Department provides Table 4 to
demonstrate the dramatic impact caused by this change, including the shift of Wrenshall and Thomson
to a project with a positive benefit-cost ratio. The Department encourages MP to continue to utilize
this approach to calculated avoided capital cost benefits in future NWA analyses.

Table 4: Truncated business case summary with updated avoided capital cost methodology

) Total Net Present Value Net Benefits Benefit-Cost Ratio
Project
Original Updated Original Updated

Kerrick and Askov $5,001,190 $8,104,937 1.88 2.42
Wrenshall and -$1,756,525 $33,342 0.85 1.00
Thomson

2'7";” Bay 271 or -$1,373,185 -$487,963 0.75 0.91
2'7";” Bay 271 and 45,661,647 -$4,776,425 0.42 0.51

32 Department initial comments at pages 9-10.
33 MP reply comments at pages 6-7.
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b. Providing CBAs for Programs

The Department appreciates that Minnesota Power provided the cost-benefit analyses for the Central
Area Non-Wire Alternatives. However, the Cloquet NWA solution is not included in the provided
workpapers.

The Department recommends that the Commission direct MP to provide the CBA for the Cloquet Area
project be provided through a supplemental filing, to be provided within 180 days of the
Commission’s final Order in this proceeding.

iv.  Resiliency Metrics

In its initial comments in this proceeding, the Department recommended that the Commission direct
Minnesota Power to develop a suite of metrics to track resiliency. The Department begins by clarifying
this recommendation, which was written with a typographical error. The recommendation in initial
comments was provided as follows: “The Department recommends the Commission direct Minnesota
Power to develop a suite of metrics to track resiliency, including SAIDI and SAIFI, MEDs, and other
metrics to the extent warranted.”3*

The Department clarifies that the reference to major event days (MEDs) in this recommendation is
incorrect. The correct statement of this recommendation is presented below:

The Department recommends the Commission direct Minnesota Power to develop a suite of metrics
to track resiliency, including SAIDI with MEDs and SAIFI with MEDs, and other metrics to the extent
warranted.

The Department maintains this recommendation in these reply comments.
F. BENEFICIAL ELECTRIFICATION AND RELATED ISSUES

The Department notes that while the Company is required to include in its IDP information about
distributed generation and EVs, it is not similarly obligated to address beneficial electrification. Yet
electrification of heat and cooling and other beneficial electrification is key to achieving the state’s
climate policy goals. As such, the Department requested in its initial comments that MP provide a plan
for accelerating beneficial electrification and to provide forecasts of the expected grid impacts of this
beneficial electrification. At minimum, the Department is requesting that MP provide the same level of
information about beneficial electrification as it did for distributed generation and EVs.

The Department observes that some of the beneficial electrification loads present much bigger
challenges for grid management than do electric vehicles given that some loads are relatively
impervious to load-shifting. For example, it would be unacceptable to shift cooking load to off-peak
hours. The coldest part of the day is at night when heat pump loads will be at their highest and for

34 Department initial comments at page 25.
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longer durations, which is coincident with the ideal electric vehicle charging window. It is similarly
unacceptable to expect long durations without heat input during the coldest days of winter, which may
be coincident with future peak loads.>® Electric-heating-only customers do not have the option to cycle
their heat, while dual fuel applications offer more grid adaptability, but also require significantly more
planning from the Company. Commercial and industrial electrification poses even greater challenges
for managing the distribution grid. Further, long, rural feeders with many homes that rely on propane,
fuel oil, or other heating fuels may not be ready to handle increased adoption of beneficial
electrification technologies. These examples all illustrate the importance of planning for these new
loads now, to incorporate future beneficial electrification into grid planning to avoid costly grid
upgrades later.

The Department is not interested in repeating the beneficial electrification discussion provided in MP’s
ECO filing. The information requested by the Department is supplemental to MP’s ECO filing. At
minimum, the Department expects the Company to determine the number of beneficial electrification
devices at a system level, and ideally on each feeder. The company should also share historical
adoption rates, ideally at each feeder, and forecast beneficial electrification rates for at least a system-
wide level. These forecasts should be used to identify feeders at risk of being unable to supply power
to support the increased adoption of beneficial electrification technologies. Ideally, this exercise should
be combined with EV forecasting to understand the interactions between these technologies. In fact,
IDP Filing Requirement 3.F.3 provides a roadmap for this exercise:

Minnesota Power shall provide a discussion of how it plans to optimize EV
benefits, including a discussion of how to align charging with periods of
lower customer demand and higher renewable energy production and by
improving grid management and overall system utilization/efficiency.

Beyond the system-level snapshot of beneficial electrification, the Commission’s order from Docket
E,G-999/Cl-22-624 specifically mentions IDPs and beneficial electrification (other electrification
measures) in its order, as reflected by the inclusion of IDP Notice Topic 5:

The utilities shall maximize the benefits of the Inflation Reduction Act in
future resource acquisitions and requests for proposals in the planning
phase, petitions for cost recovery through riders and rate cases, resource
plans, gas resource plans, integrated distribution plans, and Natural Gas
Innovation Act innovation plans. In such filings, utilities shall discuss how
they plan to capture and maximize the benefits from the Act, and how the
Act has impacted planning assumptions including (but not limited to) the
predicted cost of assets and projects and the adoption rates of electric
vehicles, distributed energy resources, and other electrification measures.

35 Great Plains Institute and the Center for Energy and Environment. Decarbonizing Minnesota’s Natural Gas End Uses:
Stakeholder Process Summary and Consensus Recommendations (July 2021).
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As the IDP is the central reporting mechanism for understanding all critical developments on the
distribution grid, the IDP should at least include a discussion of how the IRA is impacting the
distribution grid. As discussed in Docket E,G-999/CI-22-624, the Company has an obligation to ensure
that the benefits of the IRA are maximized to ensure value to ratepayers. A beneficial electrification
plan is expected to be heavily influenced by the IRA. Further, while the ECO Program could potentially
be the appropriate venue for the inclusion of tracking all beneficial electrification IRA benefits, the ECO
Program will not administer federal and state rebate programs and tax incentives. Beneficial
electrification will be addressed in gas utilities’ Natural Gas Innovation Act (NGIA) and Integrated
Resource Plans (IRP)s. The complexity and interconnectedness of beneficial electrification planning
necessitates a broader perspective and plan for the deployment of these programs. This would either
require a modification of the ECO Program scope or would require a filing in non-ECO docket. The
Department is not taking a position on the proper venue for a plan, but simply advocates for the
creation of a plan that takes a broader perspective on all federal and state funding to ensure that
ratepayers receive the maximum value from the IRA. Regardless of whether this plan is filed in this
docket or another, the plan should be reported in the IDP. The Department welcomes a broader
discussion about how beneficial electrification planning should be conducted and in which dockets
information should be reported.

While the Department understands that the Commission’s September 12t, 2023 Order did not allow
sufficient time for the Company to include IRA impacts in its IDP filing, the Department requests the
supplemental filing to ensure that IRA benefits are maximized by planning before the IRA-funded
programs are released. Programs such as HOMES, HEAR3® and the State Heat Pump Rebate3” will likely
require energy audits and a triage system of energy efficiency improvements that need to happen
before a heat pump could be installed. This will require the development of expertise to physically
deliver energy audits, but also to organize a system to deliver energy bills and coordinate and fund
energy audits to support the program. The Company should be planning ahead of time to educate its
partners, build internal staff capacity, and have a plan in place for how to maximize the benefits of the
new IRA programs.

While MP stated in reply comments that it does not currently have fuel switching measures in its
current ECO plan, this lack does not negate the need to plan for electrification. As discussed in the
Department’s initial comments, there are significant potential fuel savings for customers that use fuels
other than natural gas for heating, and particularly for customers whose primary heating source is
electric resistance heating. The latter case is not fuel switching, but is nonetheless within the ECO
program. Further, given the favorable economics of fuel switching, MP has an obligation to further
explore the benefits of offering fuel switching incentives in the proposed Beneficial Electrification Plan.
If the Company decides not to offer incentives, it should clearly justify the reasoning for this decision.
Further, in the absence of fuel switching rebates, the IRA still offers tax credits that incentivize heat
pump adoption. These incentives for beneficial electrification will affect MP’s distribution grid.

3¢ Minnesota Department of Commerce. “Home Energy Rebates,” (last updated February 12, 2024). Available at:
https://mn.gov/commerce/energy/consumer/energy-programs/home-energy-rebates.jsp.

37 Minnesota Department of Commerce. “Residential Heat Pump Rebate Program,” (last updated February 8, 2024).
Available at: https://mn.gov/commerce/energy/consumer/energy-programs/heat-pump.jsp.
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The need for beneficial electrification planning is further justified by MP, as MP stated in its reply
comments:

While the ECO Act was an important step in advancing energy policy in
Minnesota, it did create administrative complexity that many stakeholders
expressed concerns about. As a result, a coalition of utilities, advocates,
and lawmakers worked together in 2024 to propose additional
modifications to the ECO Act through the legislature.3®

The ECO program offers just one avenue for MP to potentially accelerate beneficial electrification,
which already spurred action by the Company to mitigate administrative complexity. Other paths
toward electrification may also increase administrative complexity. The Company should prepare for
this complexity in advance of program rollout to optimize the benefit for ratepayers. Given that the
Federal HOMES/HEAR and State Heat Pump rebate programs are income-based, MP should identify
who its income-qualified customers are, and how to ensure equity in the distribution of incentives.
Further resources are needed to educate partners and customers on how to navigate the complex web
of federal and state rebates, federal tax credits, and utility rebates—and to ensure that funding is not
double counted in any of these programs. Without this support for customers, there is a significant risk
that customers will not succeed in taking advantage of the incentives available to them and end up
liable for additional expenses that they had never planned on at the point of sale. Mitigating this risk
requires a system to be in place to ensure internal checks on the workflow and process of which
funding is eligible, which funding is awarded, and how the cash flow of rebates is directed.

A useful beneficial electrification plan would address these immediate needs. Like the TEP, there is a
much higher potential for information to be shared about beneficial electrification throughout all of
the regulated utilities’ territories. The State of Colorado has implemented a program that requires
much more comprehensive data sharing requirements than those discussed already.3° Adoption of
such a program would bring beneficial electrification planning more in line with TEPs.

Finally, the Department seeks to reiterate its initial message that the purpose of beneficial
electrification planning at this stage is to simultaneously save ratepayers money and reduce carbon
emissions. These goals can only be accomplished with proactive grid planning and engagement to
ensure that the unprecedented amount of funding available for beneficial electrification is not
underutilized.

38 MP Reply Comments at 2.
39 Colorado Revised Statutes 2023. Title 40 Statute 3.2-109 “Beneficial electrification plans for electric utilities.” Available
at: C.R.S. 40-3.2-109.
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V. RECOMMENDATIONS

The Department appreciates the opportunity to comment further on MP’s 2023 IDP and TEP. The
Department makes the following final recommendations:

1. The Department recommends that the Commission accept Minnesota Power’s 2023 IDP,
subject to certain modifications.

2. The Department recommends that the Commission approve Minnesota Power’s 2023 TEP.
3. The Department recommends that the Commission clarify the role of the IDP.

4. The Department recommends that the Commission direct MP to file separate cost-benefit
analyses for FLISR, the Smart Sensor Program, OMS, and GIS, through supplemental filings, to
be provided within 180 days of the Commission’s final Order in this proceeding.

5. The Department recommends that the Commission direct MP to provide a proposal for
measuring the capacity, reliability, ratepayer, and equity impacts of its distribution grid
investments in its next IDP. This proposal should specifically address the level of granularity at
which MP will evaluate these impacts for each budget category, indicating for each category
whether MP plans to measure these impacts at the level of the budget category, program,
project, or at some other level of resolution, or not at all, and specifically accounting for the
impact of any expected changes to IDP budget categories.

6. The Department recommends that the Commission provide clarification as to whether the
current NWA analysis conducted by the Company is compliant with Filing Requirement 3.E.2.d
and 3.E.2.b. If the Commission believes that the current analysis is not compliant, the
Department recommends that the Commission require the Company to file a compliant NWA
process in its 2025 IDP.

7. The Department recommends that the Commission require MP to consider demand response,
energy efficiency, and renewable generation as part of its future NWA process in its next IDP.

8. The Department recommends that MP calculate future NWA ratepayer disbenefit categories
based on the ratepayer cost of outages rather than in the calculated categories of
“Compliance Risk,” “Power Quality Consequences,” and “Improved Customer Satisfaction.”

9. The Department recommends that the Commission direct MP to provide the CBA for the
Cloquet Area project be provided through a supplemental filing, to be provided within 180
days of the Commission’s final Order in this proceeding.



Docket No. E015/M-23-258 PUBLIC DOCUMENT
Analyst(s) assigned: Diane Dietz, Peter Teigland, Daniel Tikk, Ari Zwick
Page 18

10. The Department recommends the Commission direct Minnesota Power to develop a suite of
metrics to track resiliency, including SAIDI with MEDs and SAIFI with MEDs, and other metrics

to the extent warranted.

11. The Department recommends the Commission order MP to file a supplemental filing that
proposes a plan to accelerate beneficial electrification for its customers, including a discussion
of how to incentivize dual fuel adoption, and provide forecasts of expected grid impacts of the
same.
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Request Number: 42

Topic: BCA Files
Reference(s): 2023 IDP, Appendix F
Request:

On p. 4 of its BCA Framework Report, Black & Veatch presents 4 files:
1. BCA Framework & Summary Final
2. Circuit Backup Calculations Final
3. FLISR Calculations Final
4. IVVC Calculations Final

Please provide each of these files. Where applicable, for any and all parts above, please provide the requested
data in a Microsoft Excel executable format with all links and formulae intact. If any of these links target an
outside file, please provide all such additional files.

Response:

Please see the attached excel spreadsheets. Please note, during review of these spreadsheets by Black & Veatch,
an error was found in the FLISR calculations spreadsheet. This resulted in an increase to the FLISR Benefits to the
Kerrick and Wrenshall Scenario. The overall NPV for Kerrick scenario stayed positive and the overall NPV for the
Worenshall scenario stayed negative.
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Topic: BCA Framework Report
Reference(s): 2023 IDP, Appendix F
Request:

On p. 6 of its BCA Framework Report regarding avoided capital costs, Black & Veatch states "These benefits were
included in year 10 as a one-year benefit.” Further, a 20-year NPV system boundary was used to calculate benefits
and the choice of 10 years is not explained. Please explain the rationale behind these modeling choices.

Response:

In 2021, the Non-Wires Alternatives Study and the development of BCA Framework was used by Minnesota
Power to gain experience with the evaluation, development, and justification of non-wire solutions. Even though
the study focused on specific scenarios, no traditional solutions were planned in Minnesota Power’s long-range
plan for each of the scenarios. The estimated capital costs for traditional solutions for each scenario were added
in year 10 of the 20-year NPV boundary to act as a midpoint in the avoided capital costs benefits.
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Request Number: 44

Topic: BCA Assumptions
Reference(s): 2023 IDP, Appendix F
Request:

On pp. 6-13 its BCA Framework Report, Black & Veatch presents a discussion of the cost and benefit categories
used to calculate its BCAs. Please provide a discussion of the key assumptions made to quantify relevant metrics
and provide a discussion of how these metrics were monetized.

Response:

Key assumptions to quantify relevant metrics and how the metrics were monetized can be found In the excel
spreadsheets provided for DOC IR 042.

To be completed by responder

Response Date: 4/5/2024
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		2				T-02		Wood Structures - Cross Arm Replacement		Crossarm Replacements														P		P																				P		P								P						P								P		P		P		

		3				T-03		Towers - Cathodic Protection		Cathodic Protection

																P								P		P										P		P								P				P		P								P				P		

		4				T-04		Tower - Tower Replacement		Tower Replacements																P										P										P		P								P						P										P				

		5				T-05		Tower - 345 Circuit Hardening		345kV Circuit Hardening - Install Intermediate Deadend Structures (44)																P																				P		P								P				P		P														

		6				T-06		Remote Line Sectionalizing- SCADA to Switches 		Adding SCADA to existings switch locations
New switches with SCADA 														P				P		P						P		P				P				P		P								P				P		P								P				P		

		7				T-07		Remote Line Sectionalizing - Looping Short Radials Through Existing Substations		Looping short radials through existing substation														P		P		P		P						P		P								P		P																												

		8				T-08		OHG (OH Ground Wire)		Replacement of OH Ground Wire														P						P						P								P		P		P								P				P		P								P				P		

		9				T-09		Line Rebuilds		Condition based rebuilds														P		P										P								P		P		P								P				P		P								P				P		

		10		Substation Hardening and Resiliency		T-10		Transmission Relay Upgrades		Replace obsolete Relays - Tier 1 1st Generation Digital (Types REL, MDAR)
Replace obsolete Relays - Tier 2 Electromechanical (Types CEY, HcZ, HZM, KY, TYS)
Replace obsolete Relays - TPU 1st Generation Digital
Replace obsolete Relays - Other Electromechanical														P				P		P						P		P				P				P		P								P						P								P				P		

		11				T-11		Upgrade T&D circuit breakers		Replace obsolete circuit breakers - Transmission Oil Breakers
Replace obsolete circuit breakers - Transmission Type SFA
Replace obsolete circuit breakers - Distribution Oil Breakers														P												P										P		P								P				P		P								P				P		

		12				T-12		T&D Transformers - Replacements 		Replace substation transmission transformers - Multiple Transformations
Replace substation transmission transformers - Age-based Single-phase Transformers
Replace substation transmission transformers - Condition-based Transformers
Replace substation sub-transmission transformers - Aged Single-phase Transformers
Replace substation sub-transmission transformers - Age-based Transformers
Replace substation sub-transmission transformers - Condition-based Transformers
Replace substation distribution transformers - Aged Single-phase Transformers
Replace substation distribution transformers - Age-based Transformers
Replace substation distribution transformers - Condition-based Transformers
														P												✓								✓		✓		✓								✓				✓		✓								✓

		13				T-13		Condition Based Monitoring - Transformers & Breakers		Add Condition-base monitoring to substation transformers 																				P				P		P								P		P		P								P				P		P								P				P		

		14				T-14		Upgrade T&D Transformer		Replace transformer bushings - Type U (Trans)
Replace aged 3-phase voltage regulators														P										P		P						P				P		P								P				P		P								P				P		

		15				T-15		Substation Reconfiguration for Improved Reliability		Reconfigure substation buses to ring buses
Eliminate high-speed ground switches  (2)
Install additional circuit breakers to reduce tap-line exposure 
Install Distribution Transformers to eliminate Loaded Transmission Tfmr Tertiary Windings
Relocate transmission line switches into substations 														P		P		P		P						P										P		P								P						P								P				P		

		16				T-16		SCADA Communications		Substation upgrades to Support Distribution IVVC Plan
Substation upgrades to Support Distribution SOG Plan
Substation upgrades to Support addition of adding SCADA to Distribution Circuits
Adding SCADA Control and/or Automation to Transmission Switches located in Substations														P				P		P						P						P		P		P		P		P						P		P		P		P								P				P		

						ERROR:#REF!		Mod		Grid Mod Incubator Scoping 
(Scope of the Grid Mod Incubator is based on upcoming needs of Consumers and future technology pilots in the pipeline)																																										●

						ERROR:#REF!		Mod		Phase 1: Implement applications, systems, integrations and data for training and testing  (Separate or new instances are required for training and testing of devices and DERs)																																										●

						ERROR:#REF!		Mod		Phase 2: Build out lab space equipment and field hardware
(The Grid Mod Incubator requires areas for testing software, energized hardware (including behind the meter), and communications equipment in real-time)																																										●

						ERROR:#REF!		Mod		Phase 3: Migrate legacy Grid Mod lab equipment
(Existing Grid Mod lab equipment may be moved to the Incubator)																																										●

						AD5		HSN+ADMS																														h																												Addressed elsewhere										Addressed elsewhere										Addressed elsewhere										Addressed elsewhere

						AD6		HSN+ADMS																																																						h										h										h										h

						AD7		HSN+ADMS																												l

						AD8		HSN+ADMS																												l

						Communication Network Project

						HS1		High Speed Network (HSN)																												l

						HS2		HSN																												l

						HS3		HSN						Grid Mod Incubator Scoping 
(Scope of the Grid Mod Incubator is based on upcoming needs of Consumers and future technology pilots in the pipeline)		Grid Mod Incubator Scoping 
(Scope of the Grid Mod Incubator is based on upcoming needs of Consumers and future technology pilots in the pipeline)		Grid Mod Incubator Scoping 
(Scope of the Grid Mod Incubator is based on upcoming needs of Consumers and future technology pilots in the pipeline)		Grid Mod Incubator Scoping 
(Scope of the Grid Mod Incubator is based on upcoming needs of Consumers and future technology pilots in the pipeline)																l

						HS4		HSN						Phase 1: Implement applications, systems, integrations and data for training and testing  (Separate or new instances are required for training and testing of devices and DERs)		Phase 1: Implement applications, systems, integrations and data for training and testing  (Separate or new instances are required for training and testing of devices and DERs)		Phase 1: Implement applications, systems, integrations and data for training and testing  (Separate or new instances are required for training and testing of devices and DERs)		Phase 1: Implement applications, systems, integrations and data for training and testing  (Separate or new instances are required for training and testing of devices and DERs)																h

						HS5		HSN						Phase 2: Build out lab space equipment and field hardware
(The Grid Mod Incubator requires areas for testing software, energized hardware (including behind the meter), and communications equipment in real-time)		Phase 2: Build out lab space equipment and field hardware
(The Grid Mod Incubator requires areas for testing software, energized hardware (including behind the meter), and communications equipment in real-time)		Phase 2: Build out lab space equipment and field hardware
(The Grid Mod Incubator requires areas for testing software, energized hardware (including behind the meter), and communications equipment in real-time)		Phase 2: Build out lab space equipment and field hardware
(The Grid Mod Incubator requires areas for testing software, energized hardware (including behind the meter), and communications equipment in real-time)																l

														Phase 3: Migrate legacy Grid Mod lab equipment
(Existing Grid Mod lab equipment may be moved to the Incubator)		Phase 3: Migrate legacy Grid Mod lab equipment
(Existing Grid Mod lab equipment may be moved to the Incubator)		Phase 3: Migrate legacy Grid Mod lab equipment
(Existing Grid Mod lab equipment may be moved to the Incubator)		Phase 3: Migrate legacy Grid Mod lab equipment
(Existing Grid Mod lab equipment may be moved to the Incubator)												x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x		x
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				Please be advised, this report was compiled primarily based on information Black & Veatch received from third parties, and Black & Veatch was not requested to independently verify any of this information. Thus, Black & Veatch’s reports’ accuracy solely depends upon the accuracy of the information provided to us and is subject to change at any time. As such, it is merely provided as an additional reference tool, in combination with other due diligence inquiries and resources of user. Black & Veatch assumes no legal liability or responsibility for the accuracy, completeness, or usefulness of any information, or process disclosed, nor does Black & Veatch represent that its use would not infringe on any privately owned rights. This Report may include facts, views, opinions and recommendations of individuals and organizations deemed of interest and assumes the reader is sophisticated in this industry. User waives any rights it might have in respect of this Report under any doctrine of third-party beneficiary, including the Contracts (Rights of Third Parties) Act 1999. Use of this Report is at users sole risk, and no reliance should be placed upon any other oral or written agreement, representation or warranty relating to the information herein.

THIS REPORT IS PROVIDED ON AN “AS-IS” BASIS. BLACK & VEATCH DISCLAIMS ALL WARRANTIES OF ANY KIND, EXPRESSED OR IMPLIED, INCLUDING, WITHOUT LIMITATION, ANY WARRANTY OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT. BLACK & VEATCH, NOR ITS PARENT COMPANY, MEMBERS, SUBSIDIARIES, AFFILIATES, SERVICE PROVIDERS, LICENSORS, OFFICERS, DIRECTORS OR EMPLOYEES SHALL BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF OR RELATING TO THIS REPORT OR RESULTING FROM THE USE OF THIS REPORT, INCLUDING BUT NOT LIMITED TO DAMAGES FOR LOSS OF PROFITS, USE, DATA OR OTHER INTANGIBLE DAMAGES, EVEN IF SUCH PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

In addition, user should place no reliance on the summaries contained in the Report, which are not intended to be exhaustive of the material provisions of any document or circumstances. If any point is of particular significance, reference should be made to the underlying documentation and not to this Report. This Report (and the content and information included therein) is copyrighted and is owned or licensed by Black & Veatch. Black & Veatch may restrict your access to this Report, or any portion thereof, at any time without cause. User shall abide by all copyright notices, information, or restrictions contained in any content or information accessed through this Report. User shall not reproduce, retransmit, disseminate, sell, distribute, perform, display, publish, broadcast, circulate, create new works from, or commercially exploit this Report (including the content and information made available through this Report), in whole or in part, in any manner, without the written consent of Black & Veatch, nor use the content or information made available through this Report for any unlawful or unintended purpose.
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				Minnesota Power NWA Project BCA								Key Objectives		Utility-Cost Function		Utility-Cost Function																Customer Perspective		Customer Perspective						Societal Perspective		Societal Perspective

																Reduced/ Avoided Capital Costs		Generation Capacity Benefits		Energy Benefits		Reduced/ Avoided Ancillary Services Costs		Reduced/ Avoided  T&D Losses		Avoided Restoration Costs		Compliance Risk		Improved Power Quality				Customer Outage Reduction Value		Increased Customer Satisfaction		Avoided Customer Fuel Cost 				Avoided Outage Costs		 DER Enablement		Increased Customer Flexibility and Choice		Environmental Benefits		Improved  Safety



				Value Model						Value Measure						Cost Avoidance		Cost Avoidance		Cost Avoidance		Cost Avoidance		Cost Avoidance		Cost Avoidance		Compliance Risk		Public Perception Risk Matrix				Electric DX Reliability Risk		Public Perception Risk Matrix		Cost Avoidance

				Project Category		No.		Program		Project Short Description						Benefits Category		Benefits Category		Benefits Category		Benefits Category		Benefits Category		Benefits Category		Benefits Category		Benefits Category				Benefits Category		Benefits Category		Benefits Category				Benefits Category		Benefits Category		Benefits Category		Benefits Category		Benefits Category



		1				D-01		FLISR		Circuit segmentation and automation 																P		P						P		P						P		P				P		P

		2				D-02		Circuit Backup		BESS, Solar, Combination providing reliability backup						P		P		P		P		P		P		P		P				P		P		P				P		P		P		P		P

		3				D-03		IVVC		BESS, Solar, Combination providing IVVC								P		P		P		P				P		P								P						P		P		P		P

						ERROR:#REF!		Mod		Grid Mod Incubator Scoping 
(Scope of the Grid Mod Incubator is based on upcoming needs of Consumers and future technology pilots in the pipeline)																		●		●

						ERROR:#REF!		Mod		Phase 1: Implement applications, systems, integrations and data for training and testing  (Separate or new instances are required for training and testing of devices and DERs)																		●		●

						ERROR:#REF!		Mod		Phase 2: Build out lab space equipment and field hardware
(The Grid Mod Incubator requires areas for testing software, energized hardware (including behind the meter), and communications equipment in real-time)																		●		●

						ERROR:#REF!		Mod		Phase 3: Migrate legacy Grid Mod lab equipment
(Existing Grid Mod lab equipment may be moved to the Incubator)																		●		●

						AD5		HSN+ADMS										h																				Addressed elsewhere

						AD6		HSN+ADMS																												h												h

						AD7		HSN+ADMS

						AD8		HSN+ADMS

						Communication Network Project

						HS1		High Speed Network (HSN)

						HS2		HSN

						HS3		HSN

						HS4		HSN

						HS5		HSN





BCA 20 Yr







																										2019		2019.25		2019.5		2019.75		2020		2020.25		2020.5		2020.75		2021		2021.25		2021.5		2021.75		2022		2022.25		2022.5		2022.75		2023		2023.25		2023.5		2023.75		2024

																				2022-2052						2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050		2051		2052



																Escalation Rate				3%

																Discount Rate				7%





										Benefits																2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050		2051		2052

																		NPV		Year						1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

																		Total		Total

										Kerrick and Askov

														IVVC

														Avoided Capacity				$6,403.97		$12,489.61						$0.00		$497.26		$512.18		$527.54		$543.37		$559.67		$576.46		$593.75		$611.57		$629.91		$648.81		$668.28		$688.32		$708.97		$730.24		$752.15		$774.71		$797.96		$821.90		$846.55		$871.95		$898.11		$925.05		$952.80		$981.39		$1,010.83		$1,041.15		$1,072.39		$1,104.56		$1,137.69		$1,171.83

														Avoided Energy				$27,668.48		$53,961.58						$0.00		$2,148.42		$2,212.87		$2,279.26		$2,347.64		$2,418.07		$2,490.61		$2,565.33		$2,642.29		$2,721.55		$2,803.20		$2,887.30		$2,973.92		$3,063.13		$3,155.03		$3,249.68		$3,347.17		$3,447.58		$3,551.01		$3,657.54		$3,767.27		$3,880.29		$3,996.69		$4,116.59		$4,240.09		$4,367.30		$4,498.31		$4,633.26		$4,772.26		$4,915.43		$5,062.89

														Reduced/ Avoided Ancillary Services Costs				$44.95		$87.66						$0.00		$3.49		$3.59		$3.70		$3.81		$3.93		$4.05		$4.17		$4.29		$4.42		$4.55		$4.69		$4.83		$4.98		$5.13		$5.28		$5.44		$5.60		$5.77		$5.94		$6.12		$6.30		$6.49		$6.69		$6.89		$7.09		$7.31		$7.53		$7.75		$7.98		$8.22

														Reduced/ Avoided  T&D Losses				$184.94		$360.68						$0.00		$14.36		$14.79		$15.23		$15.69		$16.16		$16.65		$17.15		$17.66		$18.19		$18.74		$19.30		$19.88		$20.47		$21.09		$21.72		$22.37		$23.04		$23.73		$24.45		$25.18		$25.94		$26.71		$27.52		$28.34		$29.19		$30.07		$30.97		$31.90		$32.85		$33.84

														Compliance Risk				$1,126,870.86		$2,197,725.99						$0.00		$87,500.00		$90,125.00		$92,828.75		$95,613.61		$98,482.02		$101,436.48		$104,479.58		$107,613.96		$110,842.38		$114,167.65		$117,592.68		$121,120.46		$124,754.08		$128,496.70		$132,351.60		$136,322.15		$140,411.81		$144,624.17		$148,962.89		$153,431.78		$158,034.73		$162,775.78		$167,659.05		$172,688.82		$177,869.48		$183,205.57		$188,701.74		$194,362.79		$200,193.67		$206,199.48

														Improved Power Quality				$96,588.93		$188,376.51						$0.00		$7,500.00		$7,725.00		$7,956.75		$8,195.45		$8,441.32		$8,694.56		$8,955.39		$9,224.05		$9,500.78		$9,785.80		$10,079.37		$10,381.75		$10,693.21		$11,014.00		$11,344.42		$11,684.76		$12,035.30		$12,396.36		$12,768.25		$13,151.30		$13,545.83		$13,952.21		$14,370.78		$14,801.90		$15,245.96		$15,703.33		$16,174.43		$16,659.67		$17,159.46		$17,674.24

														Avoided Customer Fuel Cost 				$6,538.43		$12,751.83						$0.00		$507.70		$522.93		$538.62		$554.78		$571.42		$588.56		$606.22		$624.41		$643.14		$662.43		$682.31		$702.78		$723.86		$745.57		$767.94		$790.98		$814.71		$839.15		$864.33		$890.26		$916.96		$944.47		$972.81		$1,001.99		$1,032.05		$1,063.01		$1,094.90		$1,127.75		$1,161.58		$1,196.43

																Total IVVC Benefit Value		$1,264,300.55		$2,465,753.87



														Circuit Backup

														Generation Revenue				$2,610.22		$5,090.69						$0.00		$202.68		$208.76		$215.02		$221.47		$228.12		$234.96		$242.01		$249.27		$256.75		$264.45		$272.38		$280.56		$288.97		$297.64		$306.57		$315.77		$325.24		$335.00		$345.05		$355.40		$366.06		$377.04		$388.36		$400.01		$412.01		$424.37		$437.10		$450.21		$463.72		$477.63

														Lost Sales Revenue				$9,174.66		$17,893.26						$0.00		$712.40		$733.77		$755.79		$778.46		$801.81		$825.87		$850.64		$876.16		$902.45		$929.52		$957.41		$986.13		$1,015.71		$1,046.18		$1,077.57		$1,109.90		$1,143.19		$1,177.49		$1,212.81		$1,249.20		$1,286.67		$1,325.27		$1,365.03		$1,405.98		$1,448.16		$1,491.61		$1,536.36		$1,582.45		$1,629.92		$1,678.82

														Reduced/ Avoided Ancillary Services Costs				$24,279.57		$47,352.22						$0.00		$1,885.28		$1,941.83		$2,000.09		$2,060.09		$2,121.89		$2,185.55		$2,251.12		$2,318.65		$2,388.21		$2,459.86		$2,533.65		$2,609.66		$2,687.95		$2,768.59		$2,851.65		$2,937.20		$3,025.31		$3,116.07		$3,209.56		$3,305.84		$3,405.02		$3,507.17		$3,612.38		$3,720.75		$3,832.38		$3,947.35		$4,065.77		$4,187.74		$4,313.37		$4,442.78

														Reduced/ Avoided  T&D Losses				$744.12		$1,451.25						$0.00		$57.78		$59.51		$61.30		$63.14		$65.03		$66.98		$68.99		$71.06		$73.19		$75.39		$77.65		$79.98		$82.38		$84.85		$87.40		$90.02		$92.72		$95.50		$98.37		$101.32		$104.36		$107.49		$110.71		$114.03		$117.45		$120.98		$124.61		$128.35		$132.20		$136.16

														Avoided Restoration Costs				$209,512.72		$408,610.76						$0.00		$16,268.38		$16,756.43		$17,259.12		$17,776.90		$18,310.21		$18,859.51		$19,425.30		$20,008.06		$20,608.30		$21,226.55		$21,863.34		$22,519.24		$23,194.82		$23,890.66		$24,607.38		$25,345.61		$26,105.97		$26,889.15		$27,695.83		$28,526.70		$29,382.50		$30,263.98		$31,171.90		$32,107.06		$33,070.27		$34,062.37		$35,084.25		$36,136.77		$37,220.88		$38,337.50

														Compliance Risk				$19,317.79		$37,675.30						$0.00		$1,500.00		$1,545.00		$1,591.35		$1,639.09		$1,688.26		$1,738.91		$1,791.08		$1,844.81		$1,900.16		$1,957.16		$2,015.87		$2,076.35		$2,138.64		$2,202.80		$2,268.88		$2,336.95		$2,407.06		$2,479.27		$2,553.65		$2,630.26		$2,709.17		$2,790.44		$2,874.16		$2,960.38		$3,049.19		$3,140.67		$3,234.89		$3,331.93		$3,431.89		$3,534.85

														Improved Power Quality				$225,374.17		$439,545.20						$0.00		$17,500.00		$18,025.00		$18,565.75		$19,122.72		$19,696.40		$20,287.30		$20,895.92		$21,522.79		$22,168.48		$22,833.53		$23,518.54		$24,224.09		$24,950.82		$25,699.34		$26,470.32		$27,264.43		$28,082.36		$28,924.83		$29,792.58		$30,686.36		$31,606.95		$32,555.16		$33,531.81		$34,537.76		$35,573.90		$36,641.11		$37,740.35		$38,872.56		$40,038.73		$41,239.90

														Customer Outage Reduction Value				$7,675.60		$14,969.65						$0.00		$596.00		$613.88		$632.30		$651.27		$670.80		$690.93		$711.66		$733.00		$754.99		$777.64		$800.97		$825.00		$849.75		$875.25		$901.50		$928.55		$956.41		$985.10		$1,014.65		$1,045.09		$1,076.44		$1,108.74		$1,142.00		$1,176.26		$1,211.55		$1,247.89		$1,285.33		$1,323.89		$1,363.60		$1,404.51

														Increased Customer Satisfaction				$225,374.17		$439,545.20						$0.00		$17,500.00		$18,025.00		$18,565.75		$19,122.72		$19,696.40		$20,287.30		$20,895.92		$21,522.79		$22,168.48		$22,833.53		$23,518.54		$24,224.09		$24,950.82		$25,699.34		$26,470.32		$27,264.43		$28,082.36		$28,924.83		$29,792.58		$30,686.36		$31,606.95		$32,555.16		$33,531.81		$34,537.76		$35,573.90		$36,641.11		$37,740.35		$38,872.56		$40,038.73		$41,239.90

														Avoided Customer Fuel Cost 				$6,421.49		$12,523.77						$0.00		$498.62		$513.58		$528.99		$544.86		$561.20		$578.04		$595.38		$613.24		$631.64		$650.59		$670.10		$690.21		$710.91		$732.24		$754.21		$776.83		$800.14		$824.14		$848.87		$874.33		$900.56		$927.58		$955.41		$984.07		$1,013.59		$1,044.00		$1,075.32		$1,107.58		$1,140.81		$1,175.03

														Avoided Capital Costs				$8,587,492.95		$15,787,755.52						$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$15,787,755.52		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00

																Total Circuit Backup Benefit Value		$9,317,977.46		$17,212,412.83



														FLISR												$0.00

														Avoided Restoration Costs				$86,830.23		$169,344.21						$0.00		$6,742.25		$6,944.52		$7,152.85		$7,367.44		$7,588.46		$7,816.12		$8,050.60		$8,292.12		$8,540.88		$8,797.11		$9,061.02		$9,332.85		$9,612.84		$9,901.22		$10,198.26		$10,504.21		$10,819.33		$11,143.91		$11,478.23		$11,822.58		$12,177.25		$12,542.57		$12,918.85		$13,306.41		$13,705.61		$14,116.77		$14,540.28		$14,976.49		$15,425.78		$15,888.55

														Compliance Risk				$19,317.79		$37,675.30						$0.00		$1,500.00		$1,545.00		$1,591.35		$1,639.09		$1,688.26		$1,738.91		$1,791.08		$1,844.81		$1,900.16		$1,957.16		$2,015.87		$2,076.35		$2,138.64		$2,202.80		$2,268.88		$2,336.95		$2,407.06		$2,479.27		$2,553.65		$2,630.26		$2,709.17		$2,790.44		$2,874.16		$2,960.38		$3,049.19		$3,140.67		$3,234.89		$3,331.93		$3,431.89		$3,534.85

														Customer Outage Reduction Value				$4,834.30		$9,428.29						$0.00		$375.38		$386.64		$398.24		$410.18		$422.49		$435.16		$448.22		$461.67		$475.52		$489.78		$504.48		$519.61		$535.20		$551.25		$567.79		$584.82		$602.37		$620.44		$639.05		$658.23		$677.97		$698.31		$719.26		$740.84		$763.06		$785.96		$809.53		$833.82		$858.84		$884.60

														Increased Customer Satisfaction				$48,294.47		$94,188.26						$0.00		$3,750.00		$3,862.50		$3,978.38		$4,097.73		$4,220.66		$4,347.28		$4,477.70		$4,612.03		$4,750.39		$4,892.90		$5,039.69		$5,190.88		$5,346.60		$5,507.00		$5,672.21		$5,842.38		$6,017.65		$6,198.18		$6,384.12		$6,575.65		$6,772.92		$6,976.10		$7,185.39		$7,400.95		$7,622.98		$7,851.67		$8,087.22		$8,329.83		$8,579.73		$8,837.12

																Total FLISR Benefit Value		$159,276.78		$310,636.06



										Wrenshall and Thomson

														IVVC

														Generation Revenue				$22,499.68		$43,880.93						$0.00		$1,747.07		$1,799.48		$1,853.47		$1,909.07		$1,966.34		$2,025.33		$2,086.09		$2,148.68		$2,213.14		$2,279.53		$2,347.92		$2,418.35		$2,490.90		$2,565.63		$2,642.60		$2,721.88		$2,803.53		$2,887.64		$2,974.27		$3,063.50		$3,155.40		$3,250.06		$3,347.57		$3,447.99		$3,551.43		$3,657.98		$3,767.72		$3,880.75		$3,997.17		$4,117.08

														Lost Sales Revenue				$97,210.83		$189,589.41						$0.00		$7,548.29		$7,774.74		$8,007.98		$8,248.22		$8,495.67		$8,750.54		$9,013.05		$9,283.44		$9,561.95		$9,848.81		$10,144.27		$10,448.60		$10,762.06		$11,084.92		$11,417.47		$11,759.99		$12,112.79		$12,476.17		$12,850.46		$13,235.97		$13,633.05		$14,042.04		$14,463.30		$14,897.20		$15,344.12		$15,804.44		$16,278.58		$16,766.93		$17,269.94		$17,788.04

														Reduced/ Avoided Ancillary Services Costs				$158.02		$308.18						$0.00		$12.27		$12.64		$13.02		$13.41		$13.81		$14.22		$14.65		$15.09		$15.54		$16.01		$16.49		$16.98		$17.49		$18.02		$18.56		$19.12		$19.69		$20.28		$20.89		$21.52		$22.16		$22.83		$23.51		$24.22		$24.94		$25.69		$26.46		$27.26		$28.07		$28.92

														Reduced/ Avoided  T&D Losses				$649.85		$1,267.40						$0.00		$50.46		$51.97		$53.53		$55.14		$56.79		$58.50		$60.25		$62.06		$63.92		$65.84		$67.81		$69.85		$71.94		$74.10		$76.33		$78.62		$80.97		$83.40		$85.90		$88.48		$91.14		$93.87		$96.69		$99.59		$102.57		$105.65		$108.82		$112.09		$115.45		$118.91

														Compliance Risk				$1,625,913.67		$3,171,004.64						$0.00		$126,250.00		$130,037.50		$133,938.63		$137,956.78		$142,095.49		$146,358.35		$150,749.10		$155,271.58		$159,929.72		$164,727.61		$169,669.44		$174,759.53		$180,002.31		$185,402.38		$190,964.45		$196,693.39		$202,594.19		$208,672.01		$214,932.17		$221,380.14		$228,021.54		$234,862.19		$241,908.06		$249,165.30		$256,640.26		$264,339.46		$272,269.65		$280,437.74		$288,850.87		$297,516.40

														Improved Power Quality				$289,766.79		$565,129.54						$0.00		$22,500.00		$23,175.00		$23,870.25		$24,586.36		$25,323.95		$26,083.67		$26,866.18		$27,672.16		$28,502.33		$29,357.40		$30,238.12		$31,145.26		$32,079.62		$33,042.01		$34,033.27		$35,054.27		$36,105.89		$37,189.07		$38,304.74		$39,453.89		$40,637.50		$41,856.63		$43,112.33		$44,405.70		$45,737.87		$47,110.00		$48,523.30		$49,979.00		$51,478.37		$53,022.72

														Avoided Customer Fuel Cost 				$22,972.20		$44,802.47						$0.00		$1,783.76		$1,837.27		$1,892.39		$1,949.16		$2,007.64		$2,067.87		$2,129.90		$2,193.80		$2,259.61		$2,327.40		$2,397.22		$2,469.14		$2,543.22		$2,619.51		$2,698.10		$2,779.04		$2,862.41		$2,948.28		$3,036.73		$3,127.83		$3,221.67		$3,318.32		$3,417.87		$3,520.40		$3,626.02		$3,734.80		$3,846.84		$3,962.25		$4,081.11		$4,203.55

																Total IVVC Benefit Value		$2,059,171.04		$4,015,982.56



														Circuit Backup

														Generation Revenue				$6,090.51		$11,878.27						$0.00		$472.92		$487.11		$501.72		$516.77		$532.28		$548.24		$564.69		$581.63		$599.08		$617.05		$635.56		$654.63		$674.27		$694.50		$715.33		$736.79		$758.90		$781.66		$805.11		$829.27		$854.15		$879.77		$906.16		$933.35		$961.35		$990.19		$1,019.90		$1,050.49		$1,082.01		$1,114.47

														Lost Sales Revenue				$89,024.09		$173,622.86						$0.00		$6,912.60		$7,119.98		$7,333.58		$7,553.58		$7,780.19		$8,013.60		$8,254.01		$8,501.63		$8,756.67		$9,019.38		$9,289.96		$9,568.66		$9,855.71		$10,151.39		$10,455.93		$10,769.61		$11,092.69		$11,425.47		$11,768.24		$12,121.29		$12,484.92		$12,859.47		$13,245.26		$13,642.61		$14,051.89		$14,473.45		$14,907.65		$15,354.88		$15,815.53		$16,289.99

														Reduced/ Avoided Ancillary Services Costs				$56,652.32		$110,488.51						$0.00		$4,398.98		$4,530.95		$4,666.87		$4,806.88		$4,951.09		$5,099.62		$5,252.61		$5,410.19		$5,572.49		$5,739.67		$5,911.86		$6,089.21		$6,271.89		$6,460.05		$6,653.85		$6,853.46		$7,059.07		$7,270.84		$7,488.96		$7,713.63		$7,945.04		$8,183.39		$8,428.89		$8,681.76		$8,942.21		$9,210.48		$9,486.79		$9,771.40		$10,064.54		$10,366.48

														Reduced/ Avoided  T&D Losses				$7,220.22		$14,081.52						$0.00		$560.64		$577.46		$594.78		$612.63		$631.01		$649.94		$669.43		$689.52		$710.20		$731.51		$753.45		$776.06		$799.34		$823.32		$848.02		$873.46		$899.66		$926.65		$954.45		$983.09		$1,012.58		$1,042.96		$1,074.24		$1,106.47		$1,139.67		$1,173.86		$1,209.07		$1,245.34		$1,282.70		$1,321.18

														Avoided Restoration Costs				$262,778.69		$512,494.88						$0.00		$20,404.41		$21,016.54		$21,647.04		$22,296.45		$22,965.34		$23,654.30		$24,363.93		$25,094.85		$25,847.70		$26,623.13		$27,421.82		$28,244.48		$29,091.81		$29,964.56		$30,863.50		$31,789.41		$32,743.09		$33,725.38		$34,737.14		$35,779.26		$36,852.63		$37,958.21		$39,096.96		$40,269.87		$41,477.96		$42,722.30		$44,003.97		$45,324.09		$46,683.81		$48,084.33

														Compliance Risk				$96,588.93		$188,376.51						$0.00		$7,500.00		$7,725.00		$7,956.75		$8,195.45		$8,441.32		$8,694.56		$8,955.39		$9,224.05		$9,500.78		$9,785.80		$10,079.37		$10,381.75		$10,693.21		$11,014.00		$11,344.42		$11,684.76		$12,035.30		$12,396.36		$12,768.25		$13,151.30		$13,545.83		$13,952.21		$14,370.78		$14,801.90		$15,245.96		$15,703.33		$16,174.43		$16,659.67		$17,159.46		$17,674.24

														Improved Power Quality				$676,122.52		$1,318,635.59						$0.00		$52,500.00		$54,075.00		$55,697.25		$57,368.17		$59,089.21		$60,861.89		$62,687.75		$64,568.38		$66,505.43		$68,500.59		$70,555.61		$72,672.28		$74,852.45		$77,098.02		$79,410.96		$81,793.29		$84,247.09		$86,774.50		$89,377.74		$92,059.07		$94,820.84		$97,665.47		$100,595.43		$103,613.29		$106,721.69		$109,923.34		$113,221.04		$116,617.67		$120,116.20		$123,719.69

														Customer Outage Reduction Value				$25,898.71		$50,510.02						$0.00		$2,011.00		$2,071.33		$2,133.47		$2,197.47		$2,263.40		$2,331.30		$2,401.24		$2,473.28		$2,547.47		$2,623.90		$2,702.62		$2,783.69		$2,867.21		$2,953.22		$3,041.82		$3,133.07		$3,227.06		$3,323.88		$3,423.59		$3,526.30		$3,632.09		$3,741.05		$3,853.28		$3,968.88		$4,087.95		$4,210.59		$4,336.91		$4,467.01		$4,601.02		$4,739.05

														Increased Customer Satisfaction				$1,126,870.86		$2,197,725.99						$0.00		$87,500.00		$90,125.00		$92,828.75		$95,613.61		$98,482.02		$101,436.48		$104,479.58		$107,613.96		$110,842.38		$114,167.65		$117,592.68		$121,120.46		$124,754.08		$128,496.70		$132,351.60		$136,322.15		$140,411.81		$144,624.17		$148,962.89		$153,431.78		$158,034.73		$162,775.78		$167,659.05		$172,688.82		$177,869.48		$183,205.57		$188,701.74		$194,362.79		$200,193.67		$206,199.48

														Avoided Customer Fuel Cost 				$62,309.65		$121,521.94						$0.00		$4,838.26		$4,983.41		$5,132.91		$5,286.90		$5,445.50		$5,608.87		$5,777.14		$5,950.45		$6,128.96		$6,312.83		$6,502.22		$6,697.28		$6,898.20		$7,105.15		$7,318.30		$7,537.85		$7,763.99		$7,996.91		$8,236.81		$8,483.92		$8,738.44		$9,000.59		$9,270.61		$9,548.72		$9,835.19		$10,130.24		$10,434.15		$10,747.17		$11,069.59		$11,401.68

														Avoided Capital Costs				$4,967,971.13		$9,133,412.29						$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$9,133,412.29		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00

																Total Circuit Backup Benefit Value		$7,377,527.62		$13,832,748.39



														FLISR

														Avoided Restoration Costs				$24,331.40		$47,453.30						$0.00		$1,889.30		$1,945.98		$2,004.36		$2,064.49		$2,126.42		$2,190.22		$2,255.92		$2,323.60		$2,393.31		$2,465.11		$2,539.06		$2,615.23		$2,693.69		$2,774.50		$2,857.74		$2,943.47		$3,031.77		$3,122.73		$3,216.41		$3,312.90		$3,412.29		$3,514.65		$3,620.09		$3,728.70		$3,840.56		$3,955.77		$4,074.45		$4,196.68		$4,322.58		$4,452.26

														Compliance Risk				$96,588.93		$188,376.51						$0.00		$7,500.00		$7,725.00		$7,956.75		$8,195.45		$8,441.32		$8,694.56		$8,955.39		$9,224.05		$9,500.78		$9,785.80		$10,079.37		$10,381.75		$10,693.21		$11,014.00		$11,344.42		$11,684.76		$12,035.30		$12,396.36		$12,768.25		$13,151.30		$13,545.83		$13,952.21		$14,370.78		$14,801.90		$15,245.96		$15,703.33		$16,174.43		$16,659.67		$17,159.46		$17,674.24

														Customer Outage Reduction Value				$17,724.67		$34,568.26						$0.00		$1,376.30		$1,417.59		$1,460.11		$1,503.92		$1,549.03		$1,595.51		$1,643.37		$1,692.67		$1,743.45		$1,795.76		$1,849.63		$1,905.12		$1,962.27		$2,021.14		$2,081.77		$2,144.23		$2,208.55		$2,274.81		$2,343.05		$2,413.34		$2,485.74		$2,560.32		$2,637.13		$2,716.24		$2,797.73		$2,881.66		$2,968.11		$3,057.15		$3,148.87		$3,243.33

														Increased Customer Satisfaction				$241,472.33		$470,941.28						$0.00		$18,750.00		$19,312.50		$19,891.88		$20,488.63		$21,103.29		$21,736.39		$22,388.48		$23,060.13		$23,751.94		$24,464.50		$25,198.43		$25,954.39		$26,733.02		$27,535.01		$28,361.06		$29,211.89		$30,088.25		$30,990.89		$31,920.62		$32,878.24		$33,864.59		$34,880.52		$35,926.94		$37,004.75		$38,114.89		$39,258.34		$40,436.09		$41,649.17		$42,898.64		$44,185.60

																Total FLISR Benefit Value		$380,117.32		$741,339.36



										Silver Bay 271 or 277

														IVVC

														Avoided Capacity				$9,373.25		$18,280.56						$0.00		$727.82		$749.65		$772.14		$795.31		$819.17		$843.74		$869.06		$895.13		$921.98		$949.64		$978.13		$1,007.47		$1,037.70		$1,068.83		$1,100.89		$1,133.92		$1,167.94		$1,202.98		$1,239.06		$1,276.24		$1,314.52		$1,353.96		$1,394.58		$1,436.42		$1,479.51		$1,523.89		$1,569.61		$1,616.70		$1,665.20		$1,715.16

														Avoided Energy				$40,497.55		$78,982.00						$0.00		$3,144.58		$3,238.92		$3,336.08		$3,436.17		$3,539.25		$3,645.43		$3,754.79		$3,867.44		$3,983.46		$4,102.96		$4,226.05		$4,352.83		$4,483.42		$4,617.92		$4,756.46		$4,899.15		$5,046.13		$5,197.51		$5,353.44		$5,514.04		$5,679.46		$5,849.85		$6,025.34		$6,206.10		$6,392.28		$6,584.05		$6,781.57		$6,985.02		$7,194.57		$7,410.41

														Reduced/ Avoided Ancillary Services Costs				$65.81		$128.35						$0.00		$5.11		$5.26		$5.42		$5.58		$5.75		$5.92		$6.10		$6.28		$6.47		$6.67		$6.87		$7.07		$7.29		$7.50		$7.73		$7.96		$8.20		$8.45		$8.70		$8.96		$9.23		$9.51		$9.79		$10.09		$10.39		$10.70		$11.02		$11.35		$11.69		$12.04

														Reduced/ Avoided  T&D Losses				$270.71		$527.96						$0.00		$21.02		$21.65		$22.30		$22.97		$23.66		$24.37		$25.10		$25.85		$26.63		$27.43		$28.25		$29.10		$29.97		$30.87		$31.79		$32.75		$33.73		$34.74		$35.79		$36.86		$37.96		$39.10		$40.28		$41.48		$42.73		$44.01		$45.33		$46.69		$48.09		$49.54

														Compliance Risk				$1,126,870.86		$2,197,725.99						$0.00		$87,500.00		$90,125.00		$92,828.75		$95,613.61		$98,482.02		$101,436.48		$104,479.58		$107,613.96		$110,842.38		$114,167.65		$117,592.68		$121,120.46		$124,754.08		$128,496.70		$132,351.60		$136,322.15		$140,411.81		$144,624.17		$148,962.89		$153,431.78		$158,034.73		$162,775.78		$167,659.05		$172,688.82		$177,869.48		$183,205.57		$188,701.74		$194,362.79		$200,193.67		$206,199.48

														Improved Power Quality				$96,588.93		$188,376.51						$0.00		$7,500.00		$7,725.00		$7,956.75		$8,195.45		$8,441.32		$8,694.56		$8,955.39		$9,224.05		$9,500.78		$9,785.80		$10,079.37		$10,381.75		$10,693.21		$11,014.00		$11,344.42		$11,684.76		$12,035.30		$12,396.36		$12,768.25		$13,151.30		$13,545.83		$13,952.21		$14,370.78		$14,801.90		$15,245.96		$15,703.33		$16,174.43		$16,659.67		$17,159.46		$17,674.24

														Avoided Customer Fuel Cost 				$9,570.16		$18,664.60						$0.00		$743.11		$765.40		$788.37		$812.02		$836.38		$861.47		$887.31		$913.93		$941.35		$969.59		$998.68		$1,028.64		$1,059.50		$1,091.28		$1,124.02		$1,157.74		$1,192.47		$1,228.25		$1,265.10		$1,303.05		$1,342.14		$1,382.40		$1,423.88		$1,466.59		$1,510.59		$1,555.91		$1,602.58		$1,650.66		$1,700.18		$1,751.19

																Total IVVC Benefit Value		$1,283,237.26		$2,502,685.96



														Circuit Backup

														Generation Revenue				$2,610.22		$5,090.69						$0.00		$202.68		$208.76		$215.02		$221.47		$228.12		$234.96		$242.01		$249.27		$256.75		$264.45		$272.38		$280.56		$288.97		$297.64		$306.57		$315.77		$325.24		$335.00		$345.05		$355.40		$366.06		$377.04		$388.36		$400.01		$412.01		$424.37		$437.10		$450.21		$463.72		$477.63

														Lost Sales Revenue				$4,469.87		$8,717.55						$0.00		$347.08		$357.49		$368.22		$379.26		$390.64		$402.36		$414.43		$426.86		$439.67		$452.86		$466.45		$480.44		$494.85		$509.70		$524.99		$540.74		$556.96		$573.67		$590.88		$608.61		$626.86		$645.67		$665.04		$684.99		$705.54		$726.71		$748.51		$770.96		$794.09		$817.92

														Reduced/ Avoided Ancillary Services Costs				$24,279.57		$47,352.22						$0.00		$1,885.28		$1,941.83		$2,000.09		$2,060.09		$2,121.89		$2,185.55		$2,251.12		$2,318.65		$2,388.21		$2,459.86		$2,533.65		$2,609.66		$2,687.95		$2,768.59		$2,851.65		$2,937.20		$3,025.31		$3,116.07		$3,209.56		$3,305.84		$3,405.02		$3,507.17		$3,612.38		$3,720.75		$3,832.38		$3,947.35		$4,065.77		$4,187.74		$4,313.37		$4,442.78

														Reduced/ Avoided  T&D Losses				$362.53		$707.03						$0.00		$28.15		$28.99		$29.86		$30.76		$31.68		$32.63		$33.61		$34.62		$35.66		$36.73		$37.83		$38.97		$40.13		$41.34		$42.58		$43.86		$45.17		$46.53		$47.92		$49.36		$50.84		$52.37		$53.94		$55.56		$57.22		$58.94		$60.71		$62.53		$64.40		$66.34

														Avoided Restoration Costs				$50,709.19		$98,897.67						$0.00		$3,937.50		$4,055.63		$4,177.29		$4,302.61		$4,431.69		$4,564.64		$4,701.58		$4,842.63		$4,987.91		$5,137.54		$5,291.67		$5,450.42		$5,613.93		$5,782.35		$5,955.82		$6,134.50		$6,318.53		$6,508.09		$6,703.33		$6,904.43		$7,111.56		$7,324.91		$7,544.66		$7,771.00		$8,004.13		$8,244.25		$8,491.58		$8,746.33		$9,008.72		$9,278.98

														Compliance Risk				$9,658.89		$18,837.65						$0.00		$750.00		$772.50		$795.68		$819.55		$844.13		$869.46		$895.54		$922.41		$950.08		$978.58		$1,007.94		$1,038.18		$1,069.32		$1,101.40		$1,134.44		$1,168.48		$1,203.53		$1,239.64		$1,276.82		$1,315.13		$1,354.58		$1,395.22		$1,437.08		$1,480.19		$1,524.60		$1,570.33		$1,617.44		$1,665.97		$1,715.95		$1,767.42

														Improved Power Quality				$112,687.09		$219,772.60						$0.00		$8,750.00		$9,012.50		$9,282.88		$9,561.36		$9,848.20		$10,143.65		$10,447.96		$10,761.40		$11,084.24		$11,416.77		$11,759.27		$12,112.05		$12,475.41		$12,849.67		$13,235.16		$13,632.21		$14,041.18		$14,462.42		$14,896.29		$15,343.18		$15,803.47		$16,277.58		$16,765.90		$17,268.88		$17,786.95		$18,320.56		$18,870.17		$19,436.28		$20,019.37		$20,619.95

														Customer Outage Reduction Value				$13,277.76		$25,895.49						$0.00		$1,031.00		$1,061.93		$1,093.79		$1,126.60		$1,160.40		$1,195.21		$1,231.07		$1,268.00		$1,306.04		$1,345.22		$1,385.58		$1,427.15		$1,469.96		$1,514.06		$1,559.48		$1,606.26		$1,654.45		$1,704.09		$1,755.21		$1,807.86		$1,862.10		$1,917.96		$1,975.50		$2,034.77		$2,095.81		$2,158.69		$2,223.45		$2,290.15		$2,358.85		$2,429.62

														Increased Customer Satisfaction				$112,687.09		$219,772.60						$0.00		$8,750.00		$9,012.50		$9,282.88		$9,561.36		$9,848.20		$10,143.65		$10,447.96		$10,761.40		$11,084.24		$11,416.77		$11,759.27		$12,112.05		$12,475.41		$12,849.67		$13,235.16		$13,632.21		$14,041.18		$14,462.42		$14,896.29		$15,343.18		$15,803.47		$16,277.58		$16,765.90		$17,268.88		$17,786.95		$18,320.56		$18,870.17		$19,436.28		$20,019.37		$20,619.95

														Avoided Customer Fuel Cost 				$3,128.54		$6,101.57						$0.00		$242.93		$250.21		$257.72		$265.45		$273.42		$281.62		$290.07		$298.77		$307.73		$316.96		$326.47		$336.27		$346.36		$356.75		$367.45		$378.47		$389.83		$401.52		$413.57		$425.97		$438.75		$451.92		$465.47		$479.44		$493.82		$508.64		$523.89		$539.61		$555.80		$572.47

														Avoided Capital Costs				$2,483,985.56		$4,566,706.14						$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$4,566,706.14		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00

																Total Circuit Backup Benefit Value		$2,817,856.30		$5,217,851.21



										Silver Bay 271 and 277

														IVVC

														Avoided Capacity				$9,373.25		$18,280.56						$0.00		$727.82		$749.65		$772.14		$795.31		$819.17		$843.74		$869.06		$895.13		$921.98		$949.64		$978.13		$1,007.47		$1,037.70		$1,068.83		$1,100.89		$1,133.92		$1,167.94		$1,202.98		$1,239.06		$1,276.24		$1,314.52		$1,353.96		$1,394.58		$1,436.42		$1,479.51		$1,523.89		$1,569.61		$1,616.70		$1,665.20		$1,715.16

														Avoided Energy				$40,497.55		$78,982.00						$0.00		$3,144.58		$3,238.92		$3,336.08		$3,436.17		$3,539.25		$3,645.43		$3,754.79		$3,867.44		$3,983.46		$4,102.96		$4,226.05		$4,352.83		$4,483.42		$4,617.92		$4,756.46		$4,899.15		$5,046.13		$5,197.51		$5,353.44		$5,514.04		$5,679.46		$5,849.85		$6,025.34		$6,206.10		$6,392.28		$6,584.05		$6,781.57		$6,985.02		$7,194.57		$7,410.41

														Reduced/ Avoided Ancillary Services Costs				$65.81		$128.35						$0.00		$5.11		$5.26		$5.42		$5.58		$5.75		$5.92		$6.10		$6.28		$6.47		$6.67		$6.87		$7.07		$7.29		$7.50		$7.73		$7.96		$8.20		$8.45		$8.70		$8.96		$9.23		$9.51		$9.79		$10.09		$10.39		$10.70		$11.02		$11.35		$11.69		$12.04

														Reduced/ Avoided  T&D Losses				$270.71		$527.96						$0.00		$21.02		$21.65		$22.30		$22.97		$23.66		$24.37		$25.10		$25.85		$26.63		$27.43		$28.25		$29.10		$29.97		$30.87		$31.79		$32.75		$33.73		$34.74		$35.79		$36.86		$37.96		$39.10		$40.28		$41.48		$42.73		$44.01		$45.33		$46.69		$48.09		$49.54

														Compliance Risk				$1,126,870.86		$2,197,725.99						$0.00		$87,500.00		$90,125.00		$92,828.75		$95,613.61		$98,482.02		$101,436.48		$104,479.58		$107,613.96		$110,842.38		$114,167.65		$117,592.68		$121,120.46		$124,754.08		$128,496.70		$132,351.60		$136,322.15		$140,411.81		$144,624.17		$148,962.89		$153,431.78		$158,034.73		$162,775.78		$167,659.05		$172,688.82		$177,869.48		$183,205.57		$188,701.74		$194,362.79		$200,193.67		$206,199.48

														Improved Power Quality				$96,588.93		$188,376.51						$0.00		$7,500.00		$7,725.00		$7,956.75		$8,195.45		$8,441.32		$8,694.56		$8,955.39		$9,224.05		$9,500.78		$9,785.80		$10,079.37		$10,381.75		$10,693.21		$11,014.00		$11,344.42		$11,684.76		$12,035.30		$12,396.36		$12,768.25		$13,151.30		$13,545.83		$13,952.21		$14,370.78		$14,801.90		$15,245.96		$15,703.33		$16,174.43		$16,659.67		$17,159.46		$17,674.24

														Avoided Customer Fuel Cost 				$9,570.16		$18,664.60						$0.00		$743.11		$765.40		$788.37		$812.02		$836.38		$861.47		$887.31		$913.93		$941.35		$969.59		$998.68		$1,028.64		$1,059.50		$1,091.28		$1,124.02		$1,157.74		$1,192.47		$1,228.25		$1,265.10		$1,303.05		$1,342.14		$1,382.40		$1,423.88		$1,466.59		$1,510.59		$1,555.91		$1,602.58		$1,650.66		$1,700.18		$1,751.19

																Total IVVC Benefit Value		$1,283,237.26		$2,502,685.96



														Circuit Backup

														Generation Revenue				$5,220.44		$10,181.37						$0.00		$405.36		$417.52		$430.05		$442.95		$456.24		$469.92		$484.02		$498.54		$513.50		$528.90		$544.77		$561.11		$577.95		$595.28		$613.14		$631.54		$650.48		$670.00		$690.10		$710.80		$732.13		$754.09		$776.71		$800.01		$824.01		$848.73		$874.20		$900.42		$927.43		$955.26

														Lost Sales Revenue				$4,469.88		$8,717.56						$0.00		$347.08		$357.49		$368.22		$379.26		$390.64		$402.36		$414.43		$426.86		$439.67		$452.86		$466.45		$480.44		$494.85		$509.70		$524.99		$540.74		$556.96		$573.67		$590.88		$608.61		$626.87		$645.67		$665.04		$684.99		$705.54		$726.71		$748.51		$770.96		$794.09		$817.92

														Reduced/ Avoided Ancillary Services Costs				$48,559.13		$94,704.44						$0.00		$3,770.55		$3,883.67		$4,000.18		$4,120.18		$4,243.79		$4,371.10		$4,502.24		$4,637.30		$4,776.42		$4,919.71		$5,067.31		$5,219.32		$5,375.90		$5,537.18		$5,703.30		$5,874.40		$6,050.63		$6,232.15		$6,419.11		$6,611.68		$6,810.03		$7,014.34		$7,224.77		$7,441.51		$7,664.75		$7,894.70		$8,131.54		$8,375.48		$8,626.75		$8,885.55

														Reduced/ Avoided  T&D Losses				$362.53		$707.05						$0.00		$28.15		$28.99		$29.86		$30.76		$31.68		$32.63		$33.61		$34.62		$35.66		$36.73		$37.83		$38.97		$40.14		$41.34		$42.58		$43.86		$45.17		$46.53		$47.92		$49.36		$50.84		$52.37		$53.94		$55.56		$57.22		$58.94		$60.71		$62.53		$64.41		$66.34

														Avoided Restoration Costs				$50,709.19		$98,897.67						$0.00		$3,937.50		$4,055.63		$4,177.29		$4,302.61		$4,431.69		$4,564.64		$4,701.58		$4,842.63		$4,987.91		$5,137.54		$5,291.67		$5,450.42		$5,613.93		$5,782.35		$5,955.82		$6,134.50		$6,318.53		$6,508.09		$6,703.33		$6,904.43		$7,111.56		$7,324.91		$7,544.66		$7,771.00		$8,004.13		$8,244.25		$8,491.58		$8,746.33		$9,008.72		$9,278.98

														Compliance Risk				$9,658.89		$18,837.65						$0.00		$750.00		$772.50		$795.68		$819.55		$844.13		$869.46		$895.54		$922.41		$950.08		$978.58		$1,007.94		$1,038.18		$1,069.32		$1,101.40		$1,134.44		$1,168.48		$1,203.53		$1,239.64		$1,276.82		$1,315.13		$1,354.58		$1,395.22		$1,437.08		$1,480.19		$1,524.60		$1,570.33		$1,617.44		$1,665.97		$1,715.95		$1,767.42

														Improved Power Quality				$112,687.09		$219,772.60						$0.00		$8,750.00		$9,012.50		$9,282.88		$9,561.36		$9,848.20		$10,143.65		$10,447.96		$10,761.40		$11,084.24		$11,416.77		$11,759.27		$12,112.05		$12,475.41		$12,849.67		$13,235.16		$13,632.21		$14,041.18		$14,462.42		$14,896.29		$15,343.18		$15,803.47		$16,277.58		$16,765.90		$17,268.88		$17,786.95		$18,320.56		$18,870.17		$19,436.28		$20,019.37		$20,619.95

														Customer Outage Reduction Value				$13,277.76		$25,895.49						$0.00		$1,031.00		$1,061.93		$1,093.79		$1,126.60		$1,160.40		$1,195.21		$1,231.07		$1,268.00		$1,306.04		$1,345.22		$1,385.58		$1,427.15		$1,469.96		$1,514.06		$1,559.48		$1,606.26		$1,654.45		$1,704.09		$1,755.21		$1,807.86		$1,862.10		$1,917.96		$1,975.50		$2,034.77		$2,095.81		$2,158.69		$2,223.45		$2,290.15		$2,358.85		$2,429.62

														Increased Customer Satisfaction				$112,687.09		$219,772.60						$0.00		$8,750.00		$9,012.50		$9,282.88		$9,561.36		$9,848.20		$10,143.65		$10,447.96		$10,761.40		$11,084.24		$11,416.77		$11,759.27		$12,112.05		$12,475.41		$12,849.67		$13,235.16		$13,632.21		$14,041.18		$14,462.42		$14,896.29		$15,343.18		$15,803.47		$16,277.58		$16,765.90		$17,268.88		$17,786.95		$18,320.56		$18,870.17		$19,436.28		$20,019.37		$20,619.95

														Avoided Customer Fuel Cost 				$3,128.54		$6,101.57						$0.00		$242.93		$250.21		$257.72		$265.45		$273.42		$281.62		$290.07		$298.77		$307.73		$316.96		$326.47		$336.27		$346.36		$356.75		$367.45		$378.47		$389.83		$401.52		$413.57		$425.97		$438.75		$451.92		$465.47		$479.44		$493.82		$508.64		$523.89		$539.61		$555.80		$572.47

														Avoided Capital Costs				$2,483,985.56		$4,566,706.14						$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$4,566,706.14		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00		$0.00

																Total Circuit Backup Benefit Value		$2,844,746.11		$5,270,294.15







										Costs																2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050		2051		2052

																		NPV		Year						1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

																		Total		Total

										Kerrick and Askov

														IVVC				$1,158,878.50		$1,240,000.00						0		$1,240,000.00																										$0.00

														Circuit Backup				$4,377,188.14		$6,753,146.25						0		$3,094,333.33		$26,323.33		26,613.03		26,911.42		27,218.77		27,535.33		27,861.39		28,197.23		28,543.15		28,899.44		29,266.43		29,644.42		30,033.75		$3,187,163.33		$26,323.33		26,613.03		26,911.42		27,218.77		27,535.33		27,861.39		28,197.23		28,543.15		28,899.44		29,266.43		29,644.42		30,033.75		30,434.76		30,847.81		31,273.24		31,711.44

														FLISR				$160,721.91		$171,972.44						0		$171,972.44																										$0.00

																Total 		$5,696,788.56

										Wrenshall and Thomson

														IVVC				$1,158,878.50		$1,240,000.00						0		$1,240,000.00																										$0.00

														Circuit Backup				$10,263,512.33		$15,851,785.70						0		$7,220,111.11		$66,976.67		67,652.63		68,348.88		69,066.01		69,804.66		70,565.47		71,349.10		72,156.24		72,987.59		73,843.88		74,725.87		75,634.31		$7,436,714.44		66,976.67		67,652.63		68,348.88		69,066.01		69,804.66		70,565.47		71,349.10		72,156.24		72,987.59		73,843.88		74,725.87		75,634.31		76,570.01		77,533.77		78,526.45		79,548.91

														FLISR				$131,429.83		$140,629.92						0		$140,629.92																										$0.00

																Total 		$11,553,820.66

										Silver Bay 271 or 277 

														IVVC				$1,158,878.50		$1,240,000.00								$1,240,000.00

														Circuit Backup				$4,315,351.82		$8,191,685.63						0		$0.00		$0.00		$3,094,333.33		$26,323.33		26,613.03		26,911.42		27,218.77		27,535.33		27,861.39		28,197.23		28,543.15		28,899.44		29,266.43		29,644.42		30,033.75		4,680,456.81		26,323.33		26,613.03		26,911.42		27,218.77		27,535.33		27,861.39		28,197.23		28,543.15		28,899.44		29,266.43		29,644.42		30,033.75		30,434.76		30,847.81

																Total 		$5,474,230.32

										Silver Bay 271 and 277

														IVVC				$1,158,878.50		$1,240,000.00								$1,240,000.00

														Circuit Backup				$8,630,703.64		$16,383,371.26						0		$0.00		$0.00		$6,188,666.67		$52,646.67		53,226.07		53,822.85		54,437.53		55,070.66		55,722.78		56,394.46		57,086.30		57,798.89		58,532.85		59,288.84		60,067.50		9,360,913.61		52,646.67		53,226.07		53,822.85		54,437.53		55,070.66		55,722.78		56,394.46		57,086.30		57,798.89		58,532.85		59,288.84		60,067.50		60,869.53		61,695.61

																Total 		$9,789,582.15







								Net Benefits										NPV		Benefit Cost Ratio (BCR)

										Kerrick and Askov

														IVVC				$105,422.05		1.09

														Circuit Backup				$4,940,789.32		2.13

														FLISR				-$1,445.13		0.99

																Total NPV Net Benefits		$5,044,766.24		1.89

										Wrenshall and Thomson

														IVVC				$900,292.54		1.78

														Circuit Backup				-$2,885,984.71		0.72

														FLISR				$248,687.49		2.89

																Total NPV Net Benefits		-$1,737,004.68		0.85

										Silver Bay 271 or 277

														IVVC				$124,358.76		1.11

														Circuit Backup				-$1,497,495.52		0.65

																Total NPV Net Benefits		-$1,373,136.76		0.75

										Silver Bay 271 and 277

														IVVC				$124,358.76		1.11

														Circuit Backup				-$5,785,957.54		0.33

																Total NPV Net Benefits		-$5,661,598.78		0.42



								Net Benefits (without IVVC)										NPV		BCR

										Kerrick and Askov

														Circuit Backup				$4,940,789.32		2.13

														FLISR				-$1,445.13		0.99

																Total NPV Net Benefits		$4,939,344.19		2.09

										Wrenshall and Thomson

														Circuit Backup				-$2,885,984.71		0.72

														FLISR				$248,687.49		2.89

																Total NPV Net Benefits		-$2,637,297.22		0.75

										Silver Bay 271 or 277

														Circuit Backup				-$1,497,495.52		0.65

																Total NPV Net Benefits		-$1,497,495.52

										Silver Bay 271 and 277

														Circuit Backup				-$5,785,957.54		0.33

																Total NPV Net Benefits		-$5,785,957.54









Annual Results



				Program		Annual Benefits - Askov & Kerrick		Annual Benefits - Wrenshall & Thomson		Annual Benefits- Silver Bay 271/277		Annual Benefits- Silver Bay 271&277

				IVVC

				Avoided Capacity		$   497		$   1,747		$   728		$   728		ERROR:#REF!

				Avoided Energy		$   2,148		$   7,548		$   3,145		$   3,145		ERROR:#REF!

				Reduced/ Avoided Ancillary Services Costs		$   3		$   12		$   5		$   5		ERROR:#REF!

				Reduced/ Avoided  T&D Losses		$   14		$   50		$   21		$   21		ERROR:#REF!

				Compliance Risk		$   87,500		$   126,250		$   87,500		$   87,500		ERROR:#REF!

				Improved Power Quality		$   7,500		$   22,500		$   7,500		$   7,500		ERROR:#REF!

				Avoided Customer Fuel Cost 		$   508		$   1,784		$   743		$   743		ERROR:#REF!

				Sub Total		$   98,171		$   159,892		$   99,642		$   99,642

				Circuit Backup

				Generation Revenue		$   203		$   473		$   203		$   405		ERROR:#REF!

				Lost Sales Revenue		$   712		$   6,913		$   347		$   347		ERROR:#REF!

				Reduced/ Avoided Ancillary Services Costs		$   1,885		$   4,399		$   1,885		$   3,771		ERROR:#REF!

				Reduced/ Avoided  T&D Losses		$   58		$   561		$   28		$   28		ERROR:#REF!

				Avoided Restoration Costs		$   16,268		$   20,404		$   3,938		$   3,938		ERROR:#REF!

				Compliance Risk		$   1,500		$   7,500		$   750		$   750		ERROR:#REF!

				Improved Power Quality		$   17,500		$   52,500		$   8,750		$   8,750		ERROR:#REF!

				Customer Outage Reduction Value		$   596		$   2,011		$   1,031		$   1,031		ERROR:#REF!

				Increased Customer Satisfaction		$   17,500		$   87,500		$   8,750		$   8,750		ERROR:#REF!

				Avoided Customer Fuel Cost 		$   499		$   4,838		$   243		$   243		ERROR:#REF!

				Avoided Capital Costs (One Time - Year 10)		$   12,100,000		$   7,000,000		$   3,500,000		$   3,500,000		ERROR:#REF!

				Sub Total		$   12,156,721		$   7,187,099		$   3,525,925		$   3,528,013

				FLISR

				Avoided Restoration Costs		$   6,742		$   1,889		$   - 0		$   - 0		ERROR:#REF!

				Compliance Risk		$   1,500		$   7,500		$   - 0		$   - 0		ERROR:#REF!

				Customer Outage Reduction Value		$   375		$   1,376		$   - 0		$   - 0		ERROR:#REF!

				Increased Customer Satisfaction		$   3,750		$   18,750		$   - 0		$   - 0		ERROR:#REF!

				Sub Total		$   12,368		$   29,516		$   - 0		$   - 0

				Totals		$   12,267,260		$   7,376,506		$   3,625,566		$   3,627,654		$   - 0









Cost Summary

				FLISR		Circuit BU		IVVC		Circuit BU		Circuit BU

		Circuit ID		Installed Capital Cost		Installed Capital Cost		Installed Capital Cost		Annual Maintenance		Annual Warranty		Maintenance & Warranty

		Askov 6521		$137,157.48		$   1,547,166.67		$   620,000		4,828.33		8,333.33		$   13,162

		Kerrick 6501		$34,814.96		$   1,547,166.67		$   620,000		4,828.33		8,333.33		$   13,162

		Wrenshall 411		$125,314.96		$   4,125,777.78		$   620,000		12,875.56		22,222.22		$   35,098

		Thomson 23L		$15,314.96		$   3,094,333.33		$   620,000		9,656.67		22,222.22		$   31,879

		Silver Bay 271/277		-		$   3,094,333.33		$   1,240,000		9,656.67		16,666.67		$   26,323

		Silver Bay 271&277		-		$   6,188,666.67		$   1,240,000		19,313.33		33,333.33		$   52,647

				Annual Maintenance		Annual Warranty

		Askov		9,656.67		16,666.67

		Wrenshall		22,532.22		44,444.44

		Silverbay		28,970.00		50,000.00





Capital Costs

		Source		The "ask"						From SPS												# of Devices		Askov		# of Devices		Kerrick (Option 2)		# of Devices		Wrenshall (Option 1)		# of Devices		Thomson (Option 1)

		2)		MW		MWh		cycles/yr		back up time		MVA		MW		Nameplate MWH		price delivered to NE USA

				3		6		365		2 hrs		3,689.00		3,451.00		8,330.00		2,213,144.75

				1.5		3		365		2 hrs		1,860.00		1,740.00		4,200.00		1,391,087.84				1.00		1,391,087.84		1		1,391,087.84

				3		8		365		2.66 hrs		4,898.00		4,582.00		11,060.00		2,756,538.30												`				1		2,756,538.30

				2*		4		365		2.66 hrs		2,449.00		2,291.00		5,530.00		1,655,818.03												2		5,513,076.60

				* Possible Typo - was changed from 1.5 to 2.0

				3.25 MVA, 13.8kVac: 480Vac MVT														95,000.00				1.00		95,000.00		1		95,000.00		1		95,000.00		1		95,000.00

																				Subtotal Circuit Backup				1,486,087.84				1,486,087.84				5,608,076.60				2,851,538.30

		1)		Each Recloser														110,000.00				1.00		110,000.00						1		110,000.00

		1)		1 Set of 3PH Smart FCI Unit														7,657.48				1		7,657.48		2		15,314.96		2		15,314.96		2		15,314.96

		3)		1 Set of 3PH Siemens Fuse Saver														19,500.00				1		19,500.00		1		19,500.00

																				Subtotal FLISR				137,157.48				34,814.96				125,314.96				15,314.96

		3)		IVVC per circuit														900,000.00				1		900,000.00		1		900,000.00		1		900,000.00		1		900,000.00

																				Subtotal IVVC				900,000.00				900,000.00				900,000.00				900,000.00

		Sources: 

		1) K&A Project documents

		2) 12/8/21 e-mail from : Hasnain Thakrawala <Hasnain.Thakrawala@kapower.us> 

		3) BV Expertise from previous engagements																		Total				1,623,245.32				1,520,902.80				5,733,391.56				2,866,853.26

		All costs are assumed to be per unit installed costs.

				FLISR		Circuit BU		IVVC

		Circuit ID		Installed Capital Cost		Installed Capital Cost		Installed Capital Cost

		Askov 6521		$137,157.48		$   1,486,087.84		$   900,000

		Kerrick 6501		$34,814.96		$   1,486,087.84		$   900,000

		Wrenshall 411		$125,314.96		$   5,608,076.60		$   900,000

		Thomson 23L		$15,314.96		$   2,851,538.30		$   900,000

		Silver Bay





Costs Backup

		Summary Costs

						FLISR		Circuit BU		IVVC

				Circuit ID		Installed Capital Cost		Installed Capital Cost		Installed Capital Cost

				Askov 6521		$   137,157		$   1,547,167		$   620,000

				Kerrick 6501		$   34,815		$   1,547,167		$   620,000

				Wrenshall 411		$   125,315		$   4,125,778		$   620,000

				Thomson 23L		$   15,315		$   3,094,333		$   620,000

				Silver Bay 271/277		-		$   3,094,333		$   1,240,000

				Silver Bay 271&277		-		$   6,188,667		$   1,240,000

				Device Cost Calculations

				Device   		# of Devices		Askov		# of Devices		Kerrick (Option 2)		# of Devices		Wrenshall (Option 1)		# of Devices		Thomson (Option 1)		# of Devices		Silver Bay 271/277		# of Devices		Silver Bay 271&277

				3 MW/6 MWh BESS																		1		3,094,333.33		2		6,188,666.67

				1.5 MW/3 MWh BESS		1		1,547,166.67		1		1,547,166.67

				3 MW/8 MWh BESS														1		3,094,333.33

				2 MW/4 MWh BESS										2		4,125,777.78

				Subtotal Circuit Backup				1,547,166.67				1,547,166.67				4,125,777.78				3,094,333.33				3,094,333.33				6,188,666.67

				Recloser		1		110,000.00						1		110,000.00

				1 Set of 3PH Smart FCI Unit		1		7,657.48		2		15,314.96		2		15,314.96		2		15,314.96

				1 Set of 3PH Siemens Fuse Saver		1		19,500.00		1		19,500.00

				Subtotal FLISR				137,157.48				34,814.96				125,314.96				15,314.96		- 0		- 0		- 0		- 0

				IVVC per circuit		1		620,000.00		1		620,000.00		1		620,000.00		1		620,000.00		2		1,240,000.00		2		1,240,000.00

				Subtotal IVVC				620,000.00				620,000.00				620,000.00				620,000.00				1,240,000.00				1,240,000.00

				Total				2,304,324.15				2,201,981.63				4,871,092.74				3,729,648.29				4,334,333.33				7,428,666.67



		Source		Source Data

		2) and 4)		MW		MWh		cycles/yr		back up time		MVA		MW		Nameplate MWH		PNNL Installed Cost		PNNL Annual Maintenance		PNNL Annual Warranty

				3		6		365		2 hrs		3689		3451		8330		3,094,333		9,657		16,667

				1.5		3		365		2 hrs		1860		1740		4200		1,547,167		4,828		8,333

				3		8		365		2.66 hrs		4898		4582		11060		3,094,333		9,657		22,222

				2		4		365		2.66 hrs		2449		2291		5530		2,062,889		6,438		11,111



						2021$		2030$		2025$ (interpolated)

		4)		Total Installed Cost $/kW		1,151		882		1,031.44

				Fixed O & M ($/kw/year)		3.45		2.93		3.22

				Warranty ($/kWh-yr)		3.28		2.15		2.78



		1)		Each Recloser		110,000.00

		1)		1 Set of 3PH Smart FCI Unit		7,657.48

		3)		1 Set of 3PH Siemens Fuse Saver		19,500.00

		3)		IVVC per circuit (including ADMS and Substation work)		620,000.00



		Sources: 

		1) K&A Project documents

		2) 12/8/21 e-mail from : Hasnain Thakrawala <Hasnain.Thakrawala@kapower.us> 

		3) BV Expertise from previous engagements

		4) PNNL Battery Costs document

		All costs are assumed to be per unit installed costs.

		PNNL - Battery life is 13 years - renewal at 13 years.























Program Inventory>>>





T-01 - Wood Replacement



				T-01				Wood Structures - Wood to Non-Wood Replacement

														Reliability						Hardening						Resiliency						Grid Mod

														X						X

														Transmission:								X				Distribution:

				Program Description (Scope)																				Asset Class												Dependent Technology

				This program will involve the replacement of Wooden pole with the non-wood pole replacement. There are few poles already identified to be replaced under the TDSIC program, around 4,600+ which is 4.5% of the total pole. Programs scale and budget does not allow the structurally overloaded pole to be included in the program.
																				Wooden Pole												Utilization of galvanized steel poles





























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1		Identification of wooden poles susceptible to the failures																		1		Budget Constraint

				1.2		It would be a line wise project and file the specific information would be shared with BV																		2		Most of them are poles, but some of it also includes cross-arm and/or insulator replacements

				

				

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																		1		Asset Class & Count 																				Yes

				2		Reduced/ Avoided O&M Costs																		2		Capital Exp.																				Yes

				3		Reduced/ Avoided Generation Capacity Costs																		3		O&M																				Yes

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 																				Yes

				5		Reduced/ Avoided Ancillary Services Costs																		5		AFUDC 																				Yes

				6		Reduced/ Avoided T&D Losses																		6		Location Adjustments																				Yes

Operations: Operations:
This would be included in the project cost estimates provided by Duke

				8		Avoided Restoration Costs

Operations: Operations:
This is one of the key benefits considering the storm like situation
																																								

Operations: Operations:
This would be included in the project cost estimates provided by Duke		X		7		Dismantling cost																				?

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality																X

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs																X

				21		Environmental Benefits																X

				22		Economic Development Benefits																X

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




T-02 - Cross Arm Replace



				T-02				Wood Structures - Cross Arm Replacement

														Reliability						Hardening						Resiliency						Grid Mod

														X						X

														Transmission:								X				Distribution:

				Program Description (Scope)																				Asset Class												Dependent Technology

				This program will involve proactive replacement of cross-arms which were observed in poor condition during the routine inspection or the ones which have experienced failure in the recent past.																				Wooden Pole





























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1		Identification of the cross arms having poor condition or which are susceptible to the failures.																		1		Assumption that the wooden pole whose cross arms are planned to be replaced are not under the Wood structure to non-wood structure replacement plan

						Identification from the outages, age. Partial selection criteria to be shared.																		2		Budget contraint

				0.1		The actual numbr of Cross arms to be replaced is under discussion

				

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																		6		Location Adjsutments

				8		Avoided Restoration Costs																X

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs																X

				21		Environmental Benefits																X

				22		Economic Development Benefits																X

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




T-03 - Cathodic Protection



				T-03				Towers - Cathodic Protection

														Reliability						Hardening						Resiliency						Grid Mod

																				X

														Transmission:								X				Distribution:

				Program Description (Scope)																				Asset Class												Dependent Technology

				Cathodic protection of tower is one of the standard industry practices to mitigated the corrosion of the towers.
All towers are to be considered under the Cathodic protection.
																				Steel Towers												Cathodic Protection





























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1		Identification of towers which are affected the most due to rusting

				1.2		Extending the activity to all the towers																		

																								

																								

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																X		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																X		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																		6		Location Adjsutments

				8		Avoided Restoration Costs																X

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality																X

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs																X

				21		Environmental Benefits

				22		Economic Development Benefits																X

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




T-04 - Tower Replacement



				T-04				Tower - Tower Replacement

														Reliability						Hardening						Resiliency						Grid Mod

																				X

														Transmission:								X				Distribution:

				Program Description (Scope)																				Asset Class												Dependent Technology

				This project will involve identification and replacement of the vulnerable towers.																				Steel Tower





























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1		Identify the vulnerable towers during the inspection																		1		Budget Contraint

				1.2		Replace the vulnerable towers in phased manner

																								

																								

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																X		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																		6		Location Adjsutments

				8		Avoided Restoration Costs																X		7		Dismantling cost

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs

				21		Environmental Benefits																X

				22		Economic Development Benefits

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




T-05 - Circuit Hardening



				T-05				Tower - 345 Circuit Hardening

														Reliability						Hardening						Resiliency						Grid Mod

																				X

														Transmission:								X				Distribution:

				Program Description (Scope)																				Asset Class												Dependent Technology

				This project will involve installation of approximately 44 intermediate self-supporting steel deadend structures on circuit 34506 and 34507 to complete the mitigation plan of limiting cascading failure to 2.5 mile interval.																				Aluminium H Structure												Self supporting steel dead end structure





























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1																				1		Two circuits 34506 and 34507

																								2		Interval between two dead ends to be approximately 5 miles.

																								

																								

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																		6		Location Adjsutments

				8		Avoided Restoration Costs																X		7		Dismantling cost

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality																X

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs

				21		Environmental Benefits

				22		Economic Development Benefits

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




T-06 - SCADA to Switches



				T-06				Remote Line Sectionalizing- SCADA to Switches 

														Reliability						Hardening						Resiliency						Grid Mod

														X												X						X

														Transmission:								X				Distribution:

				Program Description (Scope)																				Asset Class												Dependent Technology

				This is an automation project which involves extension of Supervisory Control and Data Acquisition System (SCADA) to Switches which were not connected to the SCADA.																				SWITCHES												SCADA





























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1		Identification of Switches to be connected to SCADA																		1		Budget Contraint



																								

																								

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																X		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																X		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																X		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																		6		Location Adjsutments

				8		Avoided Restoration Costs																X

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality																X

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs																X

				21		Environmental Benefits

				22		Economic Development Benefits																X

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




T-07 - Loop Short Radials



				T-07				Remote Line Sectionalizing - Looping Short Radials Through Existing Substations

														Reliability						Hardening						Resiliency						Grid Mod

														X						X						X						X

														Transmission:								X				Distribution:

				Program Description (Scope)																				Asset Class												Dependent Technology

				The project will involve adding SCADA to existing switching locations, and looping sort radials through the substations																				Substation equipments												SCADA, Automation





























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1		Adding SCADA to existings switch locations																		1		Budget Constraint

				1.2		New switches with SCADA 																		

				1.3		Looping short radials through existing substation																		

																								

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																X		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																X		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																		6		Location Adjsutments

				8		Avoided Restoration Costs																X

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs

				14		Increased DER Integration

				15		Improved Power Quality

				16		Increased Customer Satisfaction

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs

				21		Environmental Benefits

				22		Economic Development Benefits

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




T-08 - OHG



				T-08				OHG (OH Ground Wire)

														Reliability						Hardening						Resiliency						Grid Mod

														X																		X

														Transmission:								X				Distribution:

				Program Description (Scope)																				Asset Class												Dependent Technology

				The project involves replacement of Overhead Ground Wires.																				Ground Wire





























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1		Identification of Circuits having vulnerable Ground Wire																		1		Budget Constraint

																								

																								

																								

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																X		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																X		6		Location Adjsutments

				8		Avoided Restoration Costs																X

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality																X

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs																X

				21		Environmental Benefits

				22		Economic Development Benefits																X

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




T-09 - Line Rebuilds



				T-09				Line Rebuilds

														Reliability						Hardening						Resiliency						Grid Mod

														X						X

														Transmission:								X				Distribution:

				Program Description (Scope)																				Asset Class												Dependent Technology

				The project involves rebuilting the old and deteriorated conductors. The issues are majorly material related. 																				Conductor / Line





























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1		Historical Reliability matrix review - Age, material and number of customers and other factors are to be considered in COF and POF 																		1		Budget Constraint

				1.2		Condition based rebuilds																		

																								

																								

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																X		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																X		6		Location Adjsutments

				8		Avoided Restoration Costs

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality																X

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs																X

				21		Environmental Benefits

				22		Economic Development Benefits																X

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




T-10 - Relay Upgrades



				T-10				Transmission Relay Upgrades

														Reliability						Hardening						Resiliency						Grid Mod

														X												X						X

														Transmission:								X				Distribution:

				Program Description (Scope)																				Asset Class												Dependent Technology

				This project involves replacing the outdated or under-performing relays in order to reduce the risk of relay mal-operation leading to customer outage and/or disruption of the electrical systems.


																				Relays												Advanced Microprocessor and Micro-controller based relays.





























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1		Replace obsolete Relays - Tier 1 1st Generation Digital (Types REL, MDAR)
																		1		Budget constraint

				1.2		Replace obsolete Relays - Tier 2 Electromechanical (Types CEY, HcZ, HZM, KY, TYS)																		

				1.3		Replace obsolete Relays - TPU 1st Generation Digital																		

				1.4		Replace obsolete Relays - Other Electromechanical																		

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																X		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																X		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																X		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																		6		Location Adjsutments

				8		Avoided Restoration Costs																X

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs																X

				21		Environmental Benefits

				22		Economic Development Benefits																X

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




T-11 - Upgrade Circuit Breakers



				T-11				Upgrade T&D circuit breakers

														Reliability						Hardening						Resiliency						Grid Mod

														X

														Transmission:								X				Distribution:

				Program Description (Scope)																				Asset Class												Dependent Technology

				This project will condition assessment of the existing circuit breakers and replacing the old circuit breakers which have more likelihood of failure or which have undergone failure in the recent past.

This will also involve replacing the outdated Oil circuit breakers and Type SFA gas circuit breakers with modern SF6 or Vacuum circuit breaker.																				Circuit Breaker												SF6 Circuit breaker / Vacuum Circuit Breaker





























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1		Replace obsolete circuit breakers - Transmission Oil Breakers																		1		Budget Constraint

				1.2		Replace obsolete circuit breakers - Transmission Type SFA																		

				1.3		Replace obsolete circuit breakers - Distribution Oil Breakers																		

				1.4		Add Condition-base monitoring to substation breakers																		

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																X		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																		6		Location Adjsutments

				8		Avoided Restoration Costs																X

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality																X

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs																X

				21		Environmental Benefits

				22		Economic Development Benefits																X

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




T-12 - Transformer Replacement



				T-12				T&D Transformers - Replacements 

														Reliability						Hardening						Resiliency						Grid Mod

														X

														Transmission:								X				Distribution:

				Program Description (Scope)																				Asset Class												Dependent Technology

				This program will proactively replace transmission transformers that supply power at transmission voltage (69kV and above) which have been identified with condition issues that put them to the risk of failure.

DEI has identified about 21 transformers that have this elevated risk of failure. All the transmission transformers that are over 60 years of age and some younger transformers due to deteriorated conditions have been included in this program.																				Transformers





























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1		Replace substation transmission transformers - Multiple Transformations																		1		Budget Constraint

				1.2		Replace substation transmission transformers - Age-based Single-phase Transformers

				1.3		Replace substation transmission transformers - Condition-based Transformers																		

				1.4		Replace substation sub-transmission transformers - Aged Single-phase Transformers																		

				1.5		Replace substation sub-transmission transformers - Age-based Transformers																		

				1.6		Replace substation sub-transmission transformers - Condition-based Transformers																		

				1.7		Replace substation distribution transformers - Aged Single-phase Transformers																		

				1.8		Replace substation distribution transformers - Age-based Transformers																		

				1.9		Replace substation distribution transformers - Condition-based Transformers																		

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																X		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																X		6		Location Adjsutments

				8		Avoided Restoration Costs																X

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality																X

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs																X

				21		Environmental Benefits

				22		Economic Development Benefits																X

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




T-13 - CBM Transformers & Break



				T-13				Condition Based Monitoring - Transformers & Breakers

														Reliability						Hardening						Resiliency						Grid Mod

																																X

														Transmission:								X				Distribution:

				Program Description (Scope)																				Asset Class												Dependent Technology

				Th project will involve adding condition based monitoring to the substation transformer and breakers.																				Transformer and Breakers												Condition based monitoring





























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1		Identifying transformers and breakers where condition monitoring will be most effective																		1		Budget Constraint

																								

																								

																								

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																X		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																X		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																X		6		Location Adjsutments

				8		Avoided Restoration Costs																X

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality																X

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs																X

				21		Environmental Benefits

				22		Economic Development Benefits																X

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




T-14 - Upgrade Transformers



				T-14				Upgrade T&D Transformer

														Reliability						Hardening						Resiliency						Grid Mod

														X

														Transmission:								X				Distribution:

				Program Description (Scope)																				Asset Class												Dependent Technology

				This project will involve upgrading the existing transformer to improvise their performance and enhance the life.																				Transformer												Condition based Monitoring

																																				Bushing replacement



























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1		Add Condition-base monitoring to substation transformers																		1		Budget Constraints

				1.2		Replace transformer bushings - Type U (Trans)																		

				1.3		Replace aged 3-phase voltage regulators - Voltage regulators above 20-25 years to be considered for replacemement																		

																								

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																X		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																X		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																X		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																		6		Location Adjsutments

				8		Avoided Restoration Costs																X

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality																X

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs																X

				21		Environmental Benefits

				22		Economic Development Benefits																X

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




T-15 - Sub Reconfiguration



				T-15				Substation Reconfiguration for Improved Reliability

														Reliability						Hardening						Resiliency						Grid Mod

														X						X						X						X

														Transmission:								X				Distribution:

				Program Description (Scope)																				Asset Class												Dependent Technology

				This will include the combination of several projects which change the configuration of an existing substation to improve reliability and/or operating flexibility.																				Bus, Breaker, Ground Switch





























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1		Convert buses to ring bus - 14 such cases are carried forwarded to TDSIC 2.0																		1		Budget constraints

				1.2		Install additional circuit breakers to reduce tap-line exposure - Transmission planning has identified 8 such transmission circuits																		

				1.3		Eliminate high-speed ground switches - There will be only 2 high-speed grounding switch transformer protection schemes carried forwarded to TDSIC 2.0																		

				1.4		Install Distribution Transformers to eliminate Loaded Transmission Tfmr Tertiary Windings - List of 19 lcoations to be clubbed with other capital projects.																		

				1.5		Relocate transmission line switches into substations 																		

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																X		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																		6		Location Adjsutments

				8		Avoided Restoration Costs																X

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs																X

				21		Environmental Benefits

				22		Economic Development Benefits																X

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




T-16 - SCADA Communications



				T-16				SCADA Communications

														Reliability						Hardening						Resiliency						Grid Mod

														X												X						X

														Transmission:								X				Distribution:

				Program Description (Scope)																				Asset Class												Dependent Technology

				This project is a combination of projects which will involve implementation and the upgradation of the SCADA system.

																				Circuit breaker, Transformers, Voltage regulator, Capacitor etc.												Self Optimizing Grid Program (SOG), Automation, Integrated Volt/Var Control (IVVC)





























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1		Substation upgrades to Support Distribution IVVC Plan																		1		Budget Contraints

				1.2		Substation upgrades to Support Distribution SOG Plan																		

				1.3		Substation upgrades to Support addition of adding SCADA to Distribution Circuits																		

				1.4		Adding SCADA Control and/or Automation to Transmission Switches located in Substations																		

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																X		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																X		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																X		6		Location Adjsutments

				8		Avoided Restoration Costs																X

				9		Improved Safety																X

				10		Increased DER Integration																X

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration																X

				15		Improved Power Quality																X

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs																X

				21		Environmental Benefits

				22		Economic Development Benefits																X

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




D-14 - (OH) Inaccessible RW



				D-14				ERROR:#N/A

														Reliability						Hardening						Resiliency						Grid Mod

														X												X

														Transmission:												Distribution:								X

				Program Description (Scope)																				Asset Class												Grid Capabilities Enabled

				The inaccessible right of way project will use outage investigation and outage data to identifysectionsofcircuits thatifmoved could provide vast reliability improvement over the existing locations. Once identified that section of the circuit will be evaluated for relocation to an area that reduces impact to costumers land, reduces impact to environment, and improves accessibility for restoration and repair. That section of circuit will then be fully rebuilt using the most up to date construction standards in its new location. All equipment from the inaccessible rightof way will beremoved andland restored.																																✓ IMPROVE RELIABILITY 

																																				✓ HARDEN FOR RESILIENCY



























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1																				1

																								

																								

																								

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																X		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																X		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																		6		Location Adjustments

				8		Avoided Restoration Costs																X		7		Cost of Removal 

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality																X

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs																X

				21		Environmental Benefits																X

				22		Economic Development Benefits																X

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




D-15 - (OH) Ltd Access Xing



				D-15				ERROR:#N/A

														Reliability						Hardening						Resiliency						Grid Mod

																										X

														Transmission:												Distribution:								X

				Program Description (Scope)																				Asset Class												Grid Capabilities Enabled

				Alimited access road is defined as a road, or portion ofa road, where the onlyaccess is through onand offrampsatdesignatedentrances/exits, for example, Interstate entrance/exit ramps. Limited Access situations occur along Interstates and on other non-Interstate roads and highways as classified by the Indiana DepartmentofTransportation (“INDOT”). INDOT roadclassifications change annually. 

This project ensures compliance with INDOT standards as Duke Energy engineers identify and review locations where overhead distribution circuits cross limited access roadways. The review will occur in a longterm, periodic, programmatic manner using geographical system queries, as part of other Duke Energy Indiana programs (example: pole inspection), etc. 

This project will allow Duke Energy Indiana to: reinforce line across highways to protect the traveling public from safety hazards, reduce the risk of conductor falling into major highways, reduce the risk of power outages, andincrease integrity ofthe system byreplacing aging assets.																																✓ IMPROVE RELIABILITY

																																				✓ HARDEN FOR RESILIENCY



























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1																				1

																								

																								

																								

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																		6		Location Adjustments

				8		Avoided Restoration Costs																X		7		Cost of Removal 

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs																X

				21		Environmental Benefits

				22		Economic Development Benefits																X

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




D-16 - (OH) Circuit Sect.



				D-16				ERROR:#N/A

														Reliability						Hardening						Resiliency						Grid Mod

														X

														Transmission:												Distribution:								X

				Program Description (Scope)																				Asset Class												Grid Capabilities Enabled

				Circuit Sectionalization is a power outage mitigation project designed to improve the reliability of distribution circuits by reducing the number of customers exposed to power outages associated with circuit faults. Examples of interruptions include outages caused by cars hitting poles, trees falling into lines, and outages caused bystorms. This reduction of exposure is accomplished by adding and/or re-configuring a number of protective devices on mainlines, circuit backbones, and branch circuits. The settings for these protective devices are coordinated to cause the devices to operate in a manner that isolates only the faulted section ofa circuit. 

This minimizes the number ofcustomers on the faulted section ofa circuit that experience an interruption. For Circuit Sectionalization, reliability improvement is defined as a reduction in interruptions, customer minutes, or both. The desired state is a fully developed five year Sectionalization cycle for all circuits. This will improve optimization, overall reliability, and rehabilitation ofaging protective devices.																																✓ INCREASE MONITORING & VISIBILITY 

																																				✓ INCREASE AUTOMATION

																																				✓ INCREASE DISTRIBUTED INTELLIGENCE

																																				✓ ACCOMMODATE TWO-WAY POWER FLO

																																				✓ INCREASE HOSTING CAPACITY 

																																				✓ MODERNIZE GRID OPERATIONS & PLANNING 

																																				✓ IMPROVE RELIABILITY 

																																				✓ IMPROVE CUSTOMER SATISFACTION















				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1																				1

																								

																								

																								

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																X		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																		3		O&M

				4		Reduced/ Avoided Energy Costs																		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																		6		Location Adjustments

				8		Avoided Restoration Costs																X		7		Cost of Removal 

				9		Improved Safety																X

				10		Increased DER Integration

				11		Other Benefits

				Customer Perspective

				13		Avoided Outage Costs																X

				14		Increased DER Integration

				15		Improved Power Quality																X

				16		Increased Customer Satisfaction																X

				17		Increased Customer Flexibility and Choice

				18		Other Benefits

				Societal Perspective

				20		Avoided Outage Costs																X

				21		Environmental Benefits

				22		Economic Development Benefits																X

				23		Other Benefits

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




D-03 -



				D-03				IVVC

														Reliability						Hardening						Resiliency						Grid Mod

														X												X						X

														Transmission:												Distribution:								X

				Program Description (Scope)																				Asset Class												Grid Capabilities Enabled

																																				✓ 

																																				✓

																																				✓  

																																				✓ 

																																				✓ 





















				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1																				1

																								

																								

																								

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																ERROR:#REF!		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																X		3		O&M

				4		Reduced/ Avoided Energy Costs																X		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																X		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																X		6		Location Adjustments

				7		Avoided Restoration Costs																		7		Cost of Removal 

				8		Proactive Asset Replacement																ERROR:#REF!

				9		Compliance Risk																X

				10		Personal Property Risk																ERROR:#REF!

				Customer Perspective

				11		Customer Outage Reduction Value																

				12		Increased Customer Satisfaction																

				13		Avoided Customer Fuel Cost																X

				Societal Perspective

				14		Avoided Outage Costs																

				15		DER Enablement																X

				16		Increased Customer Flexibility & Choice																X

				17		Environmental Benefits																X

				18		Economic Development Benefits																ERROR:#REF!

				19		Improved Safety																X

				20		Improved Power Quality																X

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch





Final	


Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




D-04 -



				D-04				ERROR:#N/A

														Reliability						Hardening						Resiliency						Grid Mod

														X												X

														Transmission:												Distribution:								X

				Program Description (Scope)																				Asset Class												Grid Capabilities Enabled

																																				✓ 

																																				✓ 

																																				✓ 

																																				✓ 























				No.		Key Projects														Time Frame		Duration (Years)		No.		Dependencies, Constraints, Assumptions, or Risks 																				Label

				1.1																				1

																								

																								

																								

																								

																								

																								

																								

																								

																								

				No.		Benefit Category from CBA																Mapping		No.		Cost Drivers																				Mapping

				Utility-Cost Function

				1		Reduced/ Avoided Capital Costs																ERROR:#REF!		1		Asset Class & Count 

				2		Reduced/ Avoided O&M Costs																ERROR:#REF!		2		Capital Exp.

				3		Reduced/ Avoided Generation Capacity Costs																ERROR:#REF!		3		O&M

				4		Reduced/ Avoided Energy Costs																ERROR:#REF!		4		3rd Party Services 

				5		Reduced/ Avoided Ancillary Services Costs																ERROR:#REF!		5		AFUDC 

				6		Reduced/ Avoided T&D Losses																ERROR:#REF!		6		Location Adjsutments

				7		Avoided Restoration Costs																ERROR:#REF!		7		Cost of Removal 

				8		Proactive Asset Replacement																ERROR:#REF!

				9		Compliance Risk																ERROR:#REF!

				10		Personal Property Risk																ERROR:#REF!

				Customer Perspective

				11		Customer Outage Reduction Value																ERROR:#REF!

				12		Increased Customer Satisfaction																ERROR:#REF!

				13		Avoided Customer Fuel Cost																ERROR:#REF!

				Societal Perspective

				14		Avoided Outage Costs																ERROR:#REF!

				15		DER Enablement																ERROR:#REF!

				16		Increased Customer Flexibility & Choice																ERROR:#REF!

				17		Environmental Benefits																ERROR:#REF!

				18		Economic Development Benefits																ERROR:#REF!

				19		Improved Safety																ERROR:#REF!

				20		Improved Power Quality																ERROR:#REF!

				Proprietary & Confidential – Not to be distributed outside of Duke Energy and Black & Veatch
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Proprietary and Confidential – Not to be distributed outside of Consumers Energy and Black and Veatch
	




image1.png

BLACK&VEATCH







Cover Sheet



																Project name		Central Area Non-Wire Alternatives Analysis

																Deliverable name		Benefit Cost Analysis

																Reference to version		Final

																Date		8/5/22

																Confidential – Not to be distributed outside of Minnesota Power and B&V





Legal Notice



				Legal Notice





				Please be advised, this report was compiled primarily based on information Black & Veatch received from third parties, and Black & Veatch was not requested to independently verify any of this information. Thus, Black & Veatch’s reports’ accuracy solely depends upon the accuracy of the information provided to us and is subject to change at any time. As such, it is merely provided as an additional reference tool, in combination with other due diligence inquiries and resources of user. Black & Veatch assumes no legal liability or responsibility for the accuracy, completeness, or usefulness of any information, or process disclosed, nor does Black & Veatch represent that its use would not infringe on any privately owned rights. This Report may include facts, views, opinions and recommendations of individuals and organizations deemed of interest and assumes the reader is sophisticated in this industry. User waives any rights it might have in respect of this Report under any doctrine of third-party beneficiary, including the Contracts (Rights of Third Parties) Act 1999. Use of this Report is at users sole risk, and no reliance should be placed upon any other oral or written agreement, representation or warranty relating to the information herein.

THIS REPORT IS PROVIDED ON AN “AS-IS” BASIS. BLACK & VEATCH DISCLAIMS ALL WARRANTIES OF ANY KIND, EXPRESSED OR IMPLIED, INCLUDING, WITHOUT LIMITATION, ANY WARRANTY OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT. BLACK & VEATCH, NOR ITS PARENT COMPANY, MEMBERS, SUBSIDIARIES, AFFILIATES, SERVICE PROVIDERS, LICENSORS, OFFICERS, DIRECTORS OR EMPLOYEES SHALL BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF OR RELATING TO THIS REPORT OR RESULTING FROM THE USE OF THIS REPORT, INCLUDING BUT NOT LIMITED TO DAMAGES FOR LOSS OF PROFITS, USE, DATA OR OTHER INTANGIBLE DAMAGES, EVEN IF SUCH PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

In addition, user should place no reliance on the summaries contained in the Report, which are not intended to be exhaustive of the material provisions of any document or circumstances. If any point is of particular significance, reference should be made to the underlying documentation and not to this Report. This Report (and the content and information included therein) is copyrighted and is owned or licensed by Black & Veatch. Black & Veatch may restrict your access to this Report, or any portion thereof, at any time without cause. User shall abide by all copyright notices, information, or restrictions contained in any content or information accessed through this Report. User shall not reproduce, retransmit, disseminate, sell, distribute, perform, display, publish, broadcast, circulate, create new works from, or commercially exploit this Report (including the content and information made available through this Report), in whole or in part, in any manner, without the written consent of Black & Veatch, nor use the content or information made available through this Report for any unlawful or unintended purpose.







































































Avoided Capital Costs 

						Costs split between Kerrick and Askov

		Circuit ID		Winter Peak Load (kW)		% of Total Traditional Solution Costs		Avoided Capital Cost

		Askov 6521		1,080		60%		$7,260,000

		Kerrick 6501		720		40%		$4,840,000

		Wrenshall 411		3,667		100%		$3,500,000

		Thomson 23L		2,657		100%		$3,500,000

		Silver Bay 271 or 277		2,635		100%		$3,500,000

		Silver Bay 271 and 277		2,635		100%		$3,500,000









































































































































































































































































































Generation Revenue

				All Ckt Data Column H		Assumptions

		Circuit ID		Planner Winter Peak (kW)		Capacity Added (MW)		Capacity Gain or Loss?		Capacity Price ($/kW)		Utilization Factor		Generation Revenue Benefit ($)

		Askov 6521		1,080		1.50		1		0.07		1		101.34

		Kerrick 6501		720		1.50		1		0.07		1		101.34

		Wrenshall 411		3,667		4.00		1		0.07		1		270.24

		Thomson 23L		2,657		3.00		1		0.07		1		202.68

		Silver Bay 271 or 277		2,635		3.00		1		0.07		1		202.68

		Silver Bay 271 and 277		2,635		6.00		1		0.07		1		405.36







































































































































































































































































































Lost Sales Revenue

				All Ckt Data Column H		VoLL Column AB		Outage Data Column T		Average Load * Outage Duration * # of Outages		Discharging (kWh)*Energy_Value/1000		Discharging(kWh)*(Energy_Value-Avg Off-Peak Value)/1000		Discharging Energy Value-Off Peak charging

		Circuit ID		Average Load (kW)		Average Outage Duration (hrs)		Average # of Outages		Discharging for Outage Restoration from BESS (kWh)		Discharging Energy Value ($)		Off- peak Charging Cost ($)		Additional Revenue from Previous Lost Sales

		Askov 6521		589		1.73		23.59		24,081		585.90		19.92		565.98

		Kerrick 6501		393		1.43		11.12		6,230		151.58		5.15		146.42

		Wrenshall 411		1,912		3.64		41.59		289,529		7,044.25		239.51		6,804.74

		Thomson 23L		649		3.64		1.94		4,590		111.66		3.80		107.87

		Silver Bay 271 or 277		1,701		1.03		8.40		14,768		359.30		12.22		347.08

		Silver Bay 271 and 277		1,701		1.03		8.40		14,768		359.30		12.22		347.08





































































































































































































































































































Avoided Ancillary Services

				All Ckt Data Column F		Assumptions		Column C/2023 Coincident Peak

		Circuit ID		Winter Peak (kW)		Capacity Added (MW)		% of 2023 Coincident Peak		Avoided Annual Ancillary Services ($/yr)

		Askov 6521		1,080		1.50		0.11%		942.64

		Kerrick 6501		720		1.50		0.11%		942.64

		Wrenshall 411		3,667		4.00		0.29%		2,513.70

		Thomson 23L		2,657		3.00		0.22%		1,885.28

		Silver Bay 271 or 277		2,635		3.00		0.22%		1,885.28

		Silver Bay 271 and 277		2,635		6.00		0.43%		3,770.55







































































































































































































































































































































































































































































































































































































































Avoided T&D Losses

				Lost Sales Tab Column E		Transmission Gross-up*Energy Savings*Energy_Value/1000

		Circuit ID		Annual Energy Savings from BESS (kWh)		Avoided T&D Losses Cost ($)

		Askov 6521		24,081		45.90

		Kerrick 6501		6,230		11.88

		Silver Bay 271 and 277		14,768		28.15

		Silver Bay 271 or 277		14,768		28.15

		Thomson 23L		4,590		8.75

		Wrenshall 411		289,529		551.89







































































































































































































































































































Restoration Costs

				Outage Data Tab Column U		Avg Cost per Outage (Assumptions) *Outages Avoided (Column B)

		Circuit ID		Annual Outages Avoided		Annual Avoided Restoration Costs ($)

		Askov 6521		17.69		11,056.99

		Kerrick 6501		8.34		5,211.40

		Silver Bay 271 and 277		6.30		3,937.50

		Silver Bay 271 or 277		6.30		3,937.50

		Thomson 23L		1.46		909.93

		Wrenshall 411		31.19		19,494.49







Compliance Risk

				VOLL

		Circuit ID		Average Outage Duration (hrs)		What is the consequence of this event occurring?		What is the probability of this event occurring?		Consequence		Probability Representative Value		Compliance Benefit ($)

		Askov 6521		1.73		Minimal		Once in 20-100 Years		25		0.03		750

		Kerrick 6501		1.43		Minimal		Once in 20-100 Years		25		0.03		750

		Wrenshall 411		3.64		Moderate		Once in 20-100 Years		125		0.03		3,750

		Thomson 23L		3.64		Moderate		Once in 20-100 Years		125		0.03		3,750

		Silver Bay 271 or 277		1.03		Minimal		Once in 20-100 Years		25		0.03		750

		Silver Bay 271 and 277		1.03		Minimal		Once in 20-100 Years		25		0.03		750

		Consequences of a reliability compliance event is minimal for average outage durations under 2 hours and moderate for average outage durations over 2 hours



		CONSEQUENCE				MINIMAL		MODERATE		SIGNIFICANT		SEVERE		CRITICAL		CATASTROPHIC

		Compliance Risk				• Self reportable incident to regulator, no follow up		• Reportable incident with limited follow up		• Impact on relationship with state regulatory bodies		• Violation of Minnesota Power standard		• Violation of legal, regulatory, or statutory requirement resulting in an extended shutdown of a major facility or transmission line		• Revocation of license

										• Legal or compliance issue resulting in fines or penalties of $200K-$800K		• Significant impact on relationships with national or international regulatory bodies such as NERC, FERC, EPA, etc.		• NERC violation with no option to load shed		• Criminal charges against a Minnesota Power employee, officer, or director

										• Likely to have an impact of $200K-$800K on future projects or rate case submissions						• Off-site impact:  civil penalties or regulatory violations/intervention, possible to mitigate for >$2.5M



		CONSEQUENCE				MINIMAL		MODERATE		SIGNIFICANT		SEVERE		CRITICAL		CATASTROPHIC



		Range (Value Units)				< 50		50 - 200		200 – 800		800 – 1,500		1,500- 2,500		>2,500

																(7,500 max)

		Midpoint/Representative Value				25		125		600		1,100		2,000		5,000







Avoided Fuel Cost

				Lost Sales Tab Column E		Energy Savings*Average Fuel Cost/1000

		Circuit ID		Annual Energy Savings from BESS (kWh)		Avoided Fuel Cost ($)

		Askov 6521		24,081		396.14

		Kerrick 6501		6,230		102.48

		Wrenshall 411		289,529		4,762.76

		Thomson 23L		4,590		75.50

		Silver Bay 271 or 277		14,768		242.93

		Silver Bay 271 and 277		14,768		242.93









































































































































































































































































































Cust Outage

				Source: Voll by Circuit Column AB				Outage Data (Column BF)		VOLL Column D

		Circuit ID		Avg. Outage Duration (minutes)		Avg. Outage Duration (hours)		CI Avoided		$/CMI		CMI Benefit

		Askov 6521		103.98		1.73		2.51		$1.82		$475		$4,671

		Kerrick 6501		85.60		1.43		0.77		$1.83		$122

		Wrenshall 411		218.44		3.64		8.48		$1.09		$2,011

		Thomson 23L		218.44		3.64		0.00		$44.29		$0

		Silver Bay 271 or 277		62.00		1.03		9.86		$1.69		$1,031

		Silver Bay 271 and 277		62.00		1.03		9.86		$1.69		$1,034































Power Quality



		Circuit ID		What is the consequence of this event occurring?		What is the probability of this event occurring?		Consequence		Probability Representative Value		Power Quality Benefit ($)

		Askov 6521		Minimal		Once in 2-5 Years		25		0.35		8,750

		Kerrick 6501		Minimal		Once in 2-5 Years		25		0.35		8,750

		Wrenshall 411		Minimal		Once in 2-5 Years		25		0.35		8,750

		Thomson 23L		Moderate		Once in 2-5 Years		125		0.35		43,750

		Silver Bay 271 or 277		Minimal		Once in 2-5 Years		25		0.35		8,750

		Silver Bay 271 and 277		Minimal		Once in 2-5 Years		25		0.35		8,750

		The event is a low voltage event prior to BESS.





































		CONSEQUENCE		MINIMAL		MODERATE		SIGNIFICANT		SEVERE		CRITICAL		CATASTROPHIC

		Power Quality Risk		• Customers/Community:  complaints to Call Centers		• Policy Makers:  questioning from Regulators, Legislators, and/or Community Leaders		• Litigation:  likely to result in legal costs of $200K - $800K		• Litigation:  likely to result in legal costs of $800K-$1.5M		• Litigation:  likely to result in legal costs of $1.5M-$2.5M		• Litigation:  likely to result in legal costs         > $2.5M

				• Customer files claims 		• News Media:  negative Local coverage		• News Media:  negative National coverage		• Negative Impact to External Stakeholders resulting in recovery costs of $800K-$1.5M		• Negative Impact to External Stakeholders resulting in recovery costs of $1.5M-$2.5M		• Investors:  major backlash resulting in financial re-statement or dividend-cut

				• Negative Impact to External Stakeholders resulting in recovery costs  < $50k		• Customer files claims 		• Negative Impact to External Stakeholders resulting in recovery costs of $800K - $1500K						• Negative Impact to External Stakeholders resulting in recovery costs > $2.5M

						• Negative Impact to External Stakeholders resulting in recovery costs of $50K - $200K





		CONSEQUENCE		MINIMAL		MODERATE		SIGNIFICANT		SEVERE		CRITICAL		CATASTROPHIC



		Range (Value Units)		< 50		50 - 200		200 – 800		800 – 1,500		1,500- 2,500		>2,500

														(7,500 max)

		Midpoint/Representative Value		25		125		600		1,100		2,000		5,000



































































































































































































































Customer Sat

				VOLL		(Detractor, Neutral, Promoter)		Detractor = Moderate; Neutral = Minimal

		Circuit ID		Average Outage Duration (hrs)		Customer Satisfaction		Consequence of Event Occuring		Probability of Event Occuring		Consequence		Probability Representative Value		Customer Satisfaction Benefit ($)

		Askov 6521		1.73		Neutral		Minimal		Once in 2-5 Years		25		0.35		8,750

		Kerrick 6501		1.43		Neutral		Minimal		Once in 2-5 Years		25		0.35		8,750

		Thomson 23L		3.64		Detractor		Moderate		Once in 2-5 Years		125		0.35		43,750

		Wrenshall 411		3.64		Detractor		Moderate		Once in 2-5 Years		125		0.35		43,750

		Silver Bay 271 or 277		1.03		Neutral		Minimal		Once in 2-5 Years		25		0.35		8,750

		Silver Bay 271 and 277		1.03		Neutral		Minimal		Once in 2-5 Years		25		0.35		8,750

		Customer satisfaction is neutral for average outage durations under 2 hours and detractor for average outage durations over 2 hours



		CONSEQUENCE		MINIMAL		MODERATE		SIGNIFICANT		SEVERE		CRITICAL		CATASTROPHIC

		External Stakeholder		• Customers/Community:  complaints to Ethics line & Call Centers		• Customers/Community:  active protests and picketing		• Litigation:  likely to result in legal costs of $200K - $800K		• Litigation:  likely to result in legal costs of $800K-$1.5M		• Litigation:  likely to result in legal costs of $1.5M-$2.5M		• Litigation:  likely to result in legal costs         > $2.5M

		Risk		 						 		 		 

				• Negative Impact to External Stakeholders resulting in recovery costs  < $50k		• Policy Makers:  questioning from Regulators, Legislators, and/or Community Leaders		• News Media:  negative National coverage		• Negative Impact to External Stakeholders resulting in recovery costs of $800K-$1.5M		• Negative Impact to External Stakeholders resulting in recovery costs of $1.5M-$2.5M		• Investors:  major backlash resulting in financial re-statement or dividend-cut

						 		 

						• News Media:  negative Local coverage		• Negative Impact to External Stakeholders resulting in recovery costs of $800K - $1500K						• Negative Impact to External Stakeholders resulting in recovery costs > $2.5M

						 

						• Negative Impact to External Stakeholders resulting in recovery costs of $50K - $200K



		CONSEQUENCE		MINIMAL		MODERATE		SIGNIFICANT		SEVERE		CRITICAL		CATASTROPHIC



		Range (Value Units)		< 50		50 - 200		200 – 800		800 – 1,500		1,500- 2,500		>2,500

														(7,500 max)

		Midpoint/Representative Value		25		125		600		1,100		2,000		5,000







Installed Cost

				Assumptions		Calculated Costs Sheet on BCA Framework		PNNL		PNNL

		Circuit ID		Capacity Added (MW)		Installed Capital Cost		Annual Maintenance		Annual Warranty

		Askov 6521		1.50		$1,547,167		4,828.33		8,333.33

		Kerrick 6501		1.50		$1,547,167		4,828.33		8,333.33

		Wrenshall 411		4.00		$4,125,778		12,875.56		22,222.22

		Thomson 23L		3.00		$3,094,333		9,656.67		22,222.22

		Silver Bay 271 or 277		3.00		$3,094,333		9,656.67		16,666.67

		Silver Bay 271 and 277		6.00		$6,188,667		19,313.33		33,333.33







































































































































































































































































































Assumptions

		Inputs/Assumptions

						1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25

		Source		Item		Value

		Average Outage Duration - Kerrick, Wrenshall and Askov - VOLL 5 yr Avg (Column AB)		Average Outage Duration (minutes)		156.62

		Capacity $/kWmonth provided by MP - BV Data Request.xls		Capacity Value ($/kWyr)		67.56

				Load Factor		40%

				Average Off-Peak Hours ($/MWh)		$23.50

		Marginal Energy Costs ($/MWh) provided by MP - BV Data Request.xls		Average All Hours ($/MWh)		$24.33

		MP Annual Consumption tab - 2021 IRP page 144		Transmission Line, Substation and Distribution Loss Gross-Up		7.83%

				Avg. Outage Cost		$625.00

				Cost per Outage per Min		$10.42

				Avg. Patrol Driving Speed (mph)		5

				New Patrol Miles		0.5

		United-States-LCOE-2021_Data.xlsx		Average Fuel Cost ($/MWh)		$16.45

		MISO_Transmission_Pricing_by_Sink_2021_1001
http://www.oasis.oati.com/woa/docs/MISO/MISOdocs/Historical_Rate.html		Ancillary Services Cost ($/yr)		871,301.00

				2023 Coincident Peak (MW)		1,386.48

		Wrenshall Non Wire Alternative Solution Final Report 9-23-2021_Rev2		Wrenshall BESS (kW)		4000

		Wrenshall Non Wire Alternative Solution Final Report 9-23-2021_Rev2		Thomson BESS (kW)		3000

		Kerrick Area Non Wire Alternative Solution Final Report 10-9-2021_Rev1		Askov BESS (kW)		1500

		Kerrick Area Non Wire Alternative Solution Final Report 10-9-2021_Rev1		Kerrick BESS (kW)		1500

		Silver Bay 3 MVA BESS on NSS 271 or NSS 277 (PF = 1.0)		Silver  Bay BESS (kW)		3000

		Silver Bay 3 MVA BESS on NSS 271 and NSS 278 (PF = 1.0)		Silver  Bay BESS (kW)		6000

		22 miles at 550k/mile		Thomson Line Rebuild Costs		12,100,000

		Substation Rebuilds 3.5 M per substation		Wrenshall and Military Road Substation Rebuild Costs (each)		3,500,000

		Addition of 115/13.8 kV source at North Shore Substation 		 115/13.8 kV source for 271 and 277		3,500,000

		Other Assumptions

		Assumed in service 2022

		SAIDI/SAIFI From Wrenshall used for Thomson both for VOLL and for CI and CMI calculations due to Military to be fed from Wrenshall.

		ICE Calculator used to create VOLL by Circuit

		Consequences of a reliability compliance event is minimal for average outage durations under 2 hours and moderate for average outage durations over 2 hours

		Customer satisfaction is neutral for average outage durations under 2 hours and detractor for average outage durations over 2 hours

		Assumed 1 switch for every 4-5 miles of circuit

		SAIFI (System Average Interruption Frequency Index): Sum of outage CIs/Total number of customers served.

		SAIDI (System Average Interruption Duration Index): Sum of outage CMIs/Total number of customers served.

		Outage data obtained from the "Wrenshall.xlsx" and "Kerrick.xslx"

		Outages include Animals, MP Equipment, MP OH equipment, Unknown, Vegetation, Weather, and  Wildlife Incidents

		SAIFI (System Average Interruption Frequency Index): Sum of outage CIs/Total number of customers served.

		SAIDI (System Average Interruption Duration Index): Sum of outage CMIs/Total number of customers served.

		BESS(Wrenshall/Thomson): 2 MW, 4 MWH BESS at WRN-411 + 2 MW, 4 MWH BESS at WRN-411 + 3 MW, 6 MWH BESS on WRN-415(Thomson).

		BESS(Kerrick/Askov): Two (1.5 MW, 3 MWH)

		Costs for land aqcquisition for the BESS are not included.

		Silver bay battery installations will occur in 2025 and then 15 years later



		All circuit backup calculations for cost include annual maintenance and warranty
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All Ckt Data



		Circuit		Total Customers		Res		Sm Comm		Lg Comm		Winter Peak kW		Summer Peak kW		Average Load kW		Annual Energy kW

		Askov 6521		465		377		87		1		1,080		960		589.1		5175000

		Kerrick 6501		251		204		47		0		720		640		392.8		3450000

		Wrenshall 411		1099		974		121		4		3,667		3163.3		1912.2		16797000

		Thomson 23L		1		0		0		1		2,657		2813.6		649.4		5704000

		Silver Bay 271 or 277		1122		985		136		1		2,635		2721.91		1701.3		59609067

		Silver Bay 271 and 277		1122		985		136		1		2,635		2721.91		1701.3		59609067





 Outage Data

				# Outages																																				Improvement		CMI (# Customers * SAIDI)																																				Improvement		CI (# of Cusomers * SAIFI)																																				Improvement

		Circuit		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		Average		75%		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		Average		75%		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		Average		75%

		Askov 6521		35		22		25		21		23		30		19		27		18		13		27		26		20		17		25		35		18		23.6		17.69		435.1070045		142.5309832		270.7599514		503.3961910		249.4113086		167.0965821		1924.4436150		881.7221116		123.2309075		161.0820346		136.0355306		271.6793339		215.5056876		338.2215820		40.5207176		675.3034274		389.8983471		407.409		305.556		3.31746		1.80089		3.43462		3.85040		2.86391		2.06558		9.63520		7.25079		0.29754		1.87101		3.02547		2.51432		2.43699		3.81986		0.73949		2.65136		5.31568		3.347		2.510

		Kerrick 6501		12		9		13		5		16		8		11		18		5		6		14		11		11		15		12		14		9		11.1		8.34		81.3530234		39.0869149		158.6627938		89.5660581		130.3805406		134.3431472		648.3529034		361.4023467		4.8295565		127.1155867		130.6928179		82.3111788		40.7265739		80.4099415		2.2344601		59.0654274		105.4871039		133.884		100.413		0.99418		0.50594		1.35199		0.87101		1.03268		0.60643		3.35221		2.14305		0.02909		1.11226		1.48583		0.56700		0.55637		0.96463		0.01887		0.52467		1.44596		1.033		0.775

		Wrenshall 411		57		41		50		46		42		46		56		51		22		30		25		55		11		46		43		64		22		41.6		31.19		894.5026112388		172.3125948407		1353.0371021393		1556.9197981152		1954.2078936021		953.4836097011		1666.7776177004		2166.9757573045		564.7771354112		669.8043113407		869.091248491		4231.9014019714		173.8971167924		2118.0715746278		5035.3064875555		9881.8383693515		2111.8631867211		2,139.692		1,604.769		14.4725297681		1.784522003		20.4406775653		8.2622609519		10.5547990286		3.8812408347		6.8278927764		10.3365408284		3.3799556667		3.9205736829		10.5152242276		13.3101984178		1.4052821264		14.2199236893		24.7450730512		29.415833549		14.7604090985		11.308		8.481

		Thomson 23L		- 0		- 0		- 0		- 0		- 0		2		7		12		- 0		2		- 0		1		- 0		1		2		6		- 0		1.9		1.46		0		0		0		0		0		0		0		0.0008503592		0		0		0		0		0		0		0		0		0		0.000		0.000		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Silver Bay*		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0		11		8		4		5		14		8.4		6.30		0		0		0		0		0		0		0		0		0		0		0		0		2347.016950107		35.0349441021		551.2425103414		381.1567613704		194.0317023417		701.697		526.272		0		0		0		0		0		0		0		0		0		0		0		0		27.4319039306		0.11868206		22.5578489951		5.6539314523		9.9972056111		13.152		9.864

		* Silver Bay outage data 2017 - 2021 only.

		# of Customers		A Cust		A SAIDI		A SAIFI		K Cust		K SAIDI		K SAIFI		W Cust		W SAIDI		W SAIFI		T Cust		T SAIDI		T SAIFI		SB Cust		SB SAIDI		SB SAIFI

		2004		431		0		0		246		0.0000		0.0000		832		0		0		0		0		0		0		0		0

		2005		431		1.0095290129		0.0076971284		246		0.3307		0.0040		832		1.0751233308		0.0173948675		0		0		0		0		0		0								Askov and Kerrick

		2006		452		0.3153340337		0.0039842808		252		0.1551		0.0020		910		0.1893544998		0.0019610132		0		0		0		0		0		0								% of outages that are due to 23L

		2007		434		0.6238708559		0.0079138619		234		0.6780		0.0058		897		1.5084025665		0.0227878234		0		0		0		0		0		0								Assume 25% are 23L

		2008		434		1.1598990576		0.0088718899		234		0.3828		0.0037		897		1.7356965419		0.0092109933		0		0		0		0		0		0								100% for Wrenshall Thomson

		2009		455		0.5481567221		0.0062943041		261		0.4995		0.0040		993		1.9679837801		0.0106292035		0		0		0		0		0		0

		2010		454		0.3680541455		0.0045497274		252		0.5331		0.0024		1049		0.9089452905		0.0036999436		1		0		0		0		0		0

		2011		460		4.1835730761		0.0209460821		254		2.5526		0.0132		1055		1.5798839978		0.0064719363		1		0		0		0		0		0

		2012		462		1.908489419		0.0156943481		260		1.3900		0.0082		1057		2.0501189757		0.0097791304		1		0.0008503592		0		0		0		0

		2013		462		0.266733566		0.0006440307		259		0.0186		0.0001		1057		0.5343208471		0.0031976875		1		0		0		0		0		0

		2014		464		0.3471595574		0.004032346		256		0.4965		0.0043		1056		0.6342843857		0.0037126645		1		0		0		0		0		0

		2015		464		0.293180023		0.0065204107		254		0.5145		0.0058		1069		0.8129946197		0.0098365054		1		0		0		0		0		0

		2016		441		0.6160529114		0.0057014005		254		0.3241		0.0022		1069		3.9587478035		0.0124510743		1		0		0		0		0		0

		2017		496		0.4344872733		0.0049132785		260		0.1566		0.0021		1240		0.1402396103		0.001133292		1		0		0		1126		2.0843845028		0.0243622593

		2018		496		0.6818983508		0.0077013344		260		0.3093		0.0037		1240		1.7081222376		0.0114676804		1		0		0		1126		0.0311145152		0.0001054015

		2019		518		0.0782253235		0.0014275965		271		0.0082		0.0001		1093		4.6068677837		0.0226395911		1		0		0		1143		0.4822769119		0.0197356509

		2020		498		1.3560309787		0.0053240239		265		0.2229		0.0020		1251		7.8991513744		0.0235138558		1		0		0		1124		0.3391074389		0.0050301881

		2021		497		0.7845037165		0.0106955234		262		0.4026		0.0055		1248		1.6921980663		0.0118272509		1		0		0		1118		0.1735525066		0.0089420444





VoLL 5 yr Avg - All Ckts

		Inputs														ICE Calculator Output																																		Calculated

		Circuit Number		Customers Served		5 yr SAIFI		5 yr SAIDI		Res		Small		Large		ResCostPerEvent		ResPerkW		ResUnServedkWh		ResTotal		Column1		SmallCICostPerEvent		SmallCIPerkW		SmallCIUnservedkWh		SmallCITotal		LargeCICostPerEvent		LargeCIPerkW		LargeCIUnservedkWh		LargeCITotal		AllCostPerEvent		AllPerkW		AllUnservedkWh		AllTotal		CAIDI		Cost/CMI		avg duration = SAIDI/60		CMI = SAIDI x Total Number of Customers 		Avg Outage Duration (hrs)		CMI

		Askov 6521		465		0.0065013318		0.6760018634		377		87		1		$6.44		$5.70		$3.29		$15.78		$15.78		$918.82		$467.96		$269.98		$519.70		$5,555.02		$96.84		$55.87		$36.12		$189.08		$134.38		$77.53		$571.60		103.979		1.818		0.011		314		1.73		0.22

		Kerrick 6501		251		0.0027539234		0.2357264238		204		47		0		$6.08		$5.38		$3.77		$3.41		$3.42		$811.98		$413.54		$289.87		$105.10		$5,018.06		$87.48		$61.32		$0.00		$156.98		$122.05		$85.55		$108.51		85.597		1.834		0.004		59		1.43		0.34

		Wrenshall 411		1099		0.0152406742		3.33		974		121		4		$8.97		$7.94		$2.18		$131.05		$133.15		$1,795.99		$914.70		$251.18		$3,259.71		$9,675.17		$168.67		$46.32		$580.51		$240.90		$168.87		$46.37		$3,971.27		218.444		1.085		0.055		3,659		3.64		0.20

		Thomson 23L		1		0.0152406742		3.33		0		0		1		$8.97		$7.94		$2.18		$0.00		$0.00		$1,795.99		$914.70		$251.18		$0.00		$9,675.17		$168.67		$46.32		$147.76		$9,675.17		168.67		46.32		147		218.444		44.292		0.055		3		3.64		218.44

		Silver Bay		1149		0.01		0.62		985		163		1		$5.63		$4.98		$4.82		$55.46		$55.46		$688.00		$350.40		$339.10		$1,121.45		$4,380.04		$76.36		$73.89		$43.80		$106.24		$81.89		$79.25		$1,200.71		62.000		1.685		0.010		712		1.03		0.05

																						=ResCostPerEvent*# Res Customers*5 year SAIFI																														$   1.82						Overall Average Outage Duration

																																																										2.29		hours

																																																										137.69		minutes

																																																										The weighting on TMS 23L is not making sense to us





MP Annual Consumption



						Column 1		Column 2		Column 3		Column 4		Column 5		Column 6		Column 7		Column 8		CALCULATED

						CONSUMPTION BY ULTIMATE CONSUMERS IN MINNESOTA		CONSUMPTION BY ULTIMATE CONSUMERS OUTSIDE OF MINNESOTA		RECEIVED FROM OTHER UTILITIES		DELIVERED FOR RESALE		TOTAL ANNUAL NET GENERATION 		TRANSMISSION LINE, SUBSTATION, AND DISTRIBUTION LOSSES		TOTAL WINTER CONSUMPTION		TOTAL SUMMER CONSUMPTION		(GENERATION + RECEIVED) MINUS (RESALE + LOSSES) MINUS (CONSUMPTION) SHOULD EQUAL ZERO

						MWH		MWH		MWH		MWH		MWH		MWH		MWH		MWH

						[7610.0310 B(1)]		[7610.0310 B(2)]		[7610.0310 B(3)]		[7610.0310 B(4)]		[7610.0310 B(5)]		[7610.0310 B(6)]		[7610.0310 B(7)]		[7610.0310 B(8)]						% Loss (Losses/Generation)								Average % Loss

		Past Year		2,019		9,014,805		0		7,660,860		4,652,952		6,477,004		470,107		5,096,534		5,093,203		0				7.26%								7.83%

		Present Year		2,020		6,429,214		0		2,842,531		2,765,299		7,100,384		748,402		4,302,985		3,345,647		0				10.54%		Outlier

		1st Forecast Year		2,021		8,018,229		0		2,993,885		2,657,498		8,356,932		675,090		4,842,994		4,708,409		0				8.08%

		2nd Forecast Year		2,022		8,019,984		0		2,585,554		2,244,616		8,417,625		738,580		4,842,336		4,726,049		0				8.77%

		3rd Forecast Year		2,023		8,019,386		0		2,592,630		2,248,656		8,389,544		714,132		4,873,498		4,725,940		0				8.51%

		4th Forecast Year		2,024		8,048,545		0		2,496,685		2,253,262		8,496,953		691,831		4,864,075		4,729,481		0				8.14%

		5th Forecast Year		20,256		8,238,929		0		2,160,527		2,387,713		9,163,995		697,880		5,038,757		4,870,396		0				7.62%

		6th Forecast Year		2,026		8,404,497		0		2,047,720		2,285,772		9,357,439		714,890		5,046,953		4,922,181		0				7.64%

		7th Forecast Year		2,027		8,415,657		0		2,069,645		2,278,414		9,333,387		708,961		5,084,885		4,932,446		0				7.60%

		8th Forecast Year		2,028		8,446,712		0		2,037,138		2,267,085		9,398,257		721,598		5,062,601		4,938,211		0				7.68%

		9th Forecast Year		2,029		8,430,339		0		2,082,832		2,236,485		9,277,683		693,690		5,071,201		4,945,331		0				7.48%

		10th Forecast Year		2,030		8,430,290		0		2,160,184		2,184,347		9,152,462		698,009		5,071,237		4,947,077		0				7.63%

		11th Forecast Year		2,031		8,429,219		0		2,089,032		2,261,122		9,324,781		723,472		5,092,378		4,949,302		0				7.76%

		12th Forecast Year		2,032		8,416,625		0		2,107,538		2,270,711		9,292,791		712,994		5,048,505		4,934,826		0				7.67%

		13th Forecast Year		2,033		8,352,889		0		2,103,649		2,303,827		9,280,751		727,684		5,031,429		4,917,931		0				7.84%

		14th Forecast Year		2,034		8,309,039		0		2,117,507		2,278,548		9,191,661		721,581		1,697,152		4,897,279		0				7.85%









Fuel Costs

		Source: Wood Mackenzie United States-LCOE-2021_Data and MP IRP/Website for Generation Mix

				Fuel source		Tech		2015 
(Website): MW Generated		2021
(IRP):
MW Generated		% Total		Fuel Cost ($/MWh): 2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050

		Boswell Energy		low mercury, low-sulfur Coal		Coal		940		932		83.44%		15.33		15.31		15.34		15.39		15.45		15.52		15.61		15.71		15.81		15.87		15.94		16.09		16.24		16.4		16.57		16.74		16.48		15.73		15.09		14.38		13.61		12.73		12.87		13.2		13.59		14.03		14.54		15.11		15.18		15.18		15.18

		Hibbard Renewable		Mixture of biomass and coal		CCGT		48		46.9		4.26%		19.44		19.53		19.58		19.81		20.13		20.5		20.84		21.15		21.43		21.75		22.08		22.43		22.82		23.16		23.42		23.61		23.76		23.93		24.11		24.32		24.51		24.59		24.64		24.7		24.75		24.8		24.83		24.85		24.85		24.83		24.83

		Laskin Energy		Natural gas		CCGT		110		99		9.76%		19.44		19.53		19.58		19.81		20.13		20.5		20.84		21.15		21.43		21.75		22.08		22.43		22.82		23.16		23.42		23.61		23.76		23.93		24.11		24.32		24.51		24.59		24.64		24.7		24.75		24.8		24.83		24.85		24.85		24.83		24.83

		Rapids Energy		Mixture of biomass and coal		CCGT		28.6				2.54%		19.44		19.53		19.58		19.81		20.13		20.5		20.84		21.15		21.43		21.75		22.08		22.43		22.82		23.16		23.42		23.61		23.76		23.93		24.11		24.32		24.51		24.59		24.64		24.7		24.75		24.8		24.83		24.85		24.85		24.83		24.83

												Average Fuel Cost per Year:		16.01		16.01		16.04		16.12		16.23		16.34		16.48		16.61		16.74		16.84		16.96		17.14		17.33		17.52		17.70		17.88		17.69		17.09		16.58		16.03		15.42		14.69		14.82		15.10		15.44		15.81		16.24		16.72		16.78		16.78		16.78

												Average Fuel Cost:		16.45

		Karn 1&2		Coal

		Cambell complex		Coal

		Palisades		Nuclear

		Karn 3&4 		Oil/Natural Gas

		Midland		Natural Gas





image1.png

BLACK&VEATCH






image2.png

Range

]
Almost Certain Imminent (100% chance of occurring this year) >0.90 1.00
Oncein1-2 Years Approximately 70% chance of consequence occurring this year (e.g. 1 in 1-2-year 05-090 070
consequence)
Oncein2-5 Years Approximately 35% chance of consequence occurring this year (e.g. 1 in 2-5-year 02-05 035
consequence)
Onceins - 10Vears Approximately 15% chance of consequence occurring this year (e.g. 1 in 5-10-year 01-02 015
consequence)
Once in 10 - 20 Years Approximately 7.5% chance of consequence occurring this year (e.g. 1in 10-20- 005-01 0075
year consequence)
Oncein 20-100 Years | APProximately 3% chance of consequence occurring this year (e.g. 1in 20-100-vear | ¢ o1 o oo 003
consequence)
None The consequence is unlikely to occur in the next 100 years <0.007 000
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Legal Notice



				Legal Notice





				Please be advised, this report was compiled primarily based on information Black & Veatch received from third parties, and Black & Veatch was not requested to independently verify any of this information. Thus, Black & Veatch’s reports’ accuracy solely depends upon the accuracy of the information provided to us and is subject to change at any time. As such, it is merely provided as an additional reference tool, in combination with other due diligence inquiries and resources of user. Black & Veatch assumes no legal liability or responsibility for the accuracy, completeness, or usefulness of any information, or process disclosed, nor does Black & Veatch represent that its use would not infringe on any privately owned rights. This Report may include facts, views, opinions and recommendations of individuals and organizations deemed of interest and assumes the reader is sophisticated in this industry. User waives any rights it might have in respect of this Report under any doctrine of third-party beneficiary, including the Contracts (Rights of Third Parties) Act 1999. Use of this Report is at users sole risk, and no reliance should be placed upon any other oral or written agreement, representation or warranty relating to the information herein.

THIS REPORT IS PROVIDED ON AN “AS-IS” BASIS. BLACK & VEATCH DISCLAIMS ALL WARRANTIES OF ANY KIND, EXPRESSED OR IMPLIED, INCLUDING, WITHOUT LIMITATION, ANY WARRANTY OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT. BLACK & VEATCH, NOR ITS PARENT COMPANY, MEMBERS, SUBSIDIARIES, AFFILIATES, SERVICE PROVIDERS, LICENSORS, OFFICERS, DIRECTORS OR EMPLOYEES SHALL BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF OR RELATING TO THIS REPORT OR RESULTING FROM THE USE OF THIS REPORT, INCLUDING BUT NOT LIMITED TO DAMAGES FOR LOSS OF PROFITS, USE, DATA OR OTHER INTANGIBLE DAMAGES, EVEN IF SUCH PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

In addition, user should place no reliance on the summaries contained in the Report, which are not intended to be exhaustive of the material provisions of any document or circumstances. If any point is of particular significance, reference should be made to the underlying documentation and not to this Report. This Report (and the content and information included therein) is copyrighted and is owned or licensed by Black & Veatch. Black & Veatch may restrict your access to this Report, or any portion thereof, at any time without cause. User shall abide by all copyright notices, information, or restrictions contained in any content or information accessed through this Report. User shall not reproduce, retransmit, disseminate, sell, distribute, perform, display, publish, broadcast, circulate, create new works from, or commercially exploit this Report (including the content and information made available through this Report), in whole or in part, in any manner, without the written consent of Black & Veatch, nor use the content or information made available through this Report for any unlawful or unintended purpose.







































































Restoration Costs

						*Total # of Devices As Designed* (see Design Tabs and Assumptions)				Line Miles / # of Switches + 1		Line Miles/Average Patrol Speed (Assumptions)/2		Zone Line Miles /Average Patrol Speed (Assumptions)/2		Old Patrol Time - New Patrol Time		Cost per Outage per Min (assumptions tab) * Fault Location Reduction Time		0.2 Outages/mile * Line Miles		Cost per Outage per Min (assumptions tab) * Fault Location Reduction Time * Annual Outages

		Circuit ID		Existing # of Reclosers		# of Reclosers and FCI		Line Miles		Avg. Line Miles per Zone		Old Patrol Time (mins)		New Patrol Time (mins)		Fault Location Reduction Time (mins)		Avoided Restoration Costs per Outage ($)		Annual Outages		Annual Avoided Restoration Costs ($)

		Askov 6521		0		3		22.23		5.56		133		33.35		100		1,042.03		4.45		4,632.87

		Kerrick 6501		0		3		15.00		3.75		90		22.50		68		703.13		3.00		2,109.38

		Wrenshall 411		1		6		13.24		1.89		79		11.35		68		709.07		2.65		1,877.05

		Thomson 23L		0		1		1.40		0.70		8		4.20		4		43.75		0.28		12.25





Cust Outage

				Source: Voll by Circuit Column AB				Outage Data (Column BI)		VOLL Column Y

		Circuit ID		Avg. Outage Duration (minutes)		Avg. Outage Duration (hours)		CI Avoided		$/CMI		CMI Benefit

		Askov 6521		103.98		1.73		1.58		$1.82		$299

		Kerrick 6501		85.60		1.43		0.49		$1.83		$77

		Wrenshall 411		218.44		3.64		5.34		$1.09		$1,266

		Thomson 23L		218.44		3.64		0.01		$44.29		$110







































Compliance Risk



		Circuit ID		What is the consequence of this event occurring?		What is the probability of this event occurring?		Consequence		Probability Representative Value		Compliance Benefit ($)

		Askov 6521		Minimal		Once in 20-100 Years		25		0.03		750

		Kerrick 6501		Minimal		Once in 20-100 Years		25		0.03		750

		Wrenshall 411		Moderate		Once in 20-100 Years		125		0.03		3,750

		Thomson 23L		Moderate		Once in 20-100 Years		125		0.03		3,750

		Consequences of a reliability compliance event is minimal for average outage durations under 2 hours and moderate for average outage durations over 2 hours.



		CONSEQUENCE		MINIMAL		MODERATE		SIGNIFICANT		SEVERE		CRITICAL		CATASTROPHIC

		Compliance Risk		• Self reportable incident to regulator, no follow up		• Reportable incident with limited follow up		• Impact on relationship with state regulatory bodies		• Violation of Minnesota Power standard		• Violation of legal, regulatory, or statutory requirement resulting in an extended shutdown of a major facility or transmission line		• Revocation of license

								• Legal or compliance issue resulting in fines or penalties of $200K-$800K		• Significant impact on relationships with national or international regulatory bodies such as NERC, FERC, EPA, etc.		• NERC violation with no option to load shed		• Criminal charges against a Minnesota Power employee, officer, or director

								• Likely to have an impact of $200K-$800K on future projects or rate case submissions						• Off-site impact:  civil penalties or regulatory violations/intervention, possible to mitigate for >$2.5M



		CONSEQUENCE		MINIMAL		MODERATE		SIGNIFICANT		SEVERE		CRITICAL		CATASTROPHIC



		Range (Value Units)		< 50		50 - 200		200 – 800		800 – 1,500		1,500- 2,500		>2,500

														(7,500 max)

		Midpoint/Representative Value		25		125		600		1,100		2,000		5,000







Customer Sat

				(Detractor, Neutral, Promoter)		Detractor = Moderate; Neutral = Minimal

		Circuit ID		Customer Satisfaction		Consequence of Event Occuring		Probability of Event Occuring		Consequence		Probability Representative Value		Customer Satisfaction Benefit ($)

		Askov 6521		Neutral		Minimal		Once in 10-20 Years		25		0.075		1,875

		Kerrick 6501		Neutral		Minimal		Once in 10-20 Years		25		0.075		1,875

		Wrenshall 411		Detractor		Moderate		Once in 10-20 Years		125		0.075		9,375

		Thomson 23L		Detractor		Moderate		Once in 10-20 Years		125		0.075		9,375



		Customer satisfaction is neutral for average outage durations under 2 hours and detractor for average outage durations over 2 hours































		CONSEQUENCE		MINIMAL		MODERATE		SIGNIFICANT		SEVERE		CRITICAL		CATASTROPHIC

		Customer Satisfaction		• Customers/Community:  complaints to Ethics line & Call Centers		• Customers/Community:  active protests and picketing		• Litigation:  likely to result in legal costs of $200K - $800K		• Litigation:  likely to result in legal costs of $800K-$1.5M		• Litigation:  likely to result in legal costs of $1.5M-$2.5M		• Litigation:  likely to result in legal costs         > $2.5M

		Risk		 						 		 		 

				• Negative Impact to External Stakeholders resulting in recovery costs  < $50k		• Policy Makers:  questioning from Regulators, Legislators, and/or Community Leaders		• News Media:  negative National coverage		• Negative Impact to External Stakeholders resulting in recovery costs of $800K-$1.5M		• Negative Impact to External Stakeholders resulting in recovery costs of $1.5M-$2.5M		• Investors:  major backlash resulting in financial re-statement or dividend-cut

						 		 

						• News Media:  negative Local coverage		• Negative Impact to External Stakeholders resulting in recovery costs of $800K - $1500K						• Negative Impact to External Stakeholders resulting in recovery costs > $2.5M

						 

						• Negative Impact to External Stakeholders resulting in recovery costs of $50K - $200K











		CONSEQUENCE		MINIMAL		MODERATE		SIGNIFICANT		SEVERE		CRITICAL		CATASTROPHIC



		Range (Value Units)		< 50		50 - 200		200 – 800		800 – 1,500		1,500- 2,500		>2,500

														(7,500 max)

		Midpoint/Representative Value		25		125		600		1,100		2,000		5,000







Installed Cost

				MP Calculated Costs Workbook

		Circuit ID		Installed Capital Cost

		Askov 6521		$137,157.48

		Kerrick 6501		$34,814.96

		Wrenshall 411		$125,314.96

		Thomson 23L		$15,314.96













































































































































































































































































































Assumptions

		Inputs/Assumptions

		Source		Item		Value

		Average Outage Duration - Kerrick, Wrenshall and Askov - VOLL 5 yr Avg (Column AB)		Average Outage Duration (minutes)		156.62

		Capacity $/kWmonth provided by MP - BV Data Request.xls		Capacity Value ($/kWyr)		67.56

				Capacity Factor		40.00%

		Marginal Energy Costs ($/MWh) provided by MP - BV Data Request.xls		Average All Hours ($/MWh)		$24.33

		BV Expertise		CVR Factor		0.7

		BV Expertise		Voltage Reduction (%)		2.0%

		MP Annual Consumption tab - 2021 IRP page 144		Transmission Line, Substation and Distribution Loss Gross-Up		7.83%

				Avg. Outage Cost		$625.00

				Cost per Outage per Min		$10.42

				Avg. Patrol Driving Speed (mph)		5





		Other Assumptions

		Assumed in service 2022

		SAIDI/SAIFI From Wrenshall used for Thomson both for VOLL and for CI and CMI calculations due to Military to be fed from Wrenshall.

		ICE Calculator used to create VOLL by Circuit

		Assumed 1 switch for every 4-5 miles of circuit

		Outage data obtained from the "Wrenshall.xlsx" and "Kerrick.xslx"

		Outages include Animals, MP Equipment, MP OH equipment, Unknown, Vegetation, Weather, and  Wildlife Incidents

		50% of Outages are preventable with FLISR Solution

		Consequences of a reliability compliance event is minimal for average outage durations under 2 hours and moderate for average outage durations over 2 hours

		Customer satisfaction is neutral for average outage durations under 2 hours and detractor for average outage durations over 2 hours

		SAIFI (System Average Interruption Frequency Index): Sum of outage CIs/Total number of customers served.

		SAIDI (System Average Interruption Duration Index): Sum of outage CMIs/Total number of customers served.

		Wrenshall had 1 existing recloser. 4 FCI and 1 recloser to be installed.		# of Reclosers , FCI and Fuse Savers		5

		Kerrick had 0 existing recloser. 2 FCI and 1 Fuse saver to be installed.		# of Reclosers , FCI and Fuse Savers		3

		Askov had 0 existing recloser. 1 FCI, 1 recloserand 1 Fuse saver to be installed.		# of Reclosers , FCI and Fuse Savers		3
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All Ckt Data



		Peak Load Match		Circuit		Total Customers		Res		Sm Comm		Lg Comm		Winter Peak kW		Summer Peak kW		Average Load kW		Annual Energy kW

		3191203		Askov 6521		465		377		87		1		1,080		960		589		5,175,000

		4481204		Kerrick 6501		251		204		47		0		720		640		393		3,450,000

		3191201		Wrenshall 411		1099		974		121		4		3,667		3,163		1,912		16,797,000

		4131297		Thomson 23L		1		0		0		1		2,657		2,814		649		5,704,000

		3691209







 Outage Data

				# Outages																																						Improvement		CMI																																						Improvement		CI																																						Improvement

		Circuit		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		Average		50%		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		Average		50%		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		Average		50%

		Askov 6521				35		22		25		21		23		30		19		27		18		13		27		26		20		17		25		35		18		23.6		11.79		0		435.1070045		142.5309832		270.7599514		503.3961910		249.4113086		167.0965821		1924.4436150		881.7221116		123.2309075		161.0820346		136.0355306		271.6793339		215.5056876		338.2215820		40.5207176		675.3034274		389.8983471		384.775		192.387		0		3.31746		1.80089		3.43462		3.85040		2.86391		2.06558		9.63520		7.25079		0.29754		1.87101		3.02547		2.51432		2.43699		3.81986		0.73949		2.65136		5.31568		3.161		1.580

		Kerrick 6501		- 0		12		9		13		5		16		8		11		18		5		6		14		11		11		15		12		14		9		10.5		5.25		0		81.3530234		39.0869149		158.6627938		89.5660581		130.3805406		134.3431472		648.3529034		361.4023467		4.8295565		127.1155867		130.6928179		82.3111788		40.7265739		80.4099415		2.2344601		59.0654274		105.4871039		126.446		63.223		0		0.99418		0.50594		1.35199		0.87101		1.03268		0.60643		3.35221		2.14305		0.02909		1.11226		1.48583		0.56700		0.55637		0.96463		0.01887		0.52467		1.44596		0.976		0.488

		Wrenshall 411				57		41		50		46		42		46		56		51		22		30		25		55		11		46		43		64		22		41.6		20.79		0		894.5026112388		172.3125948407		1353.0371021393		1556.9197981152		1954.2078936021		953.4836097011		1666.7776177004		2166.9757573045		564.7771354112		669.8043113407		869.091248491		4231.9014019714		173.8971167924		2118.0715746278		5035.3064875555		9881.8383693515		2111.8631867211		2,020.820		1,010.410		0		14.4725297681		1.784522003		20.4406775653		8.2622609519		10.5547990286		3.8812408347		6.8278927764		10.3365408284		3.3799556667		3.9205736829		10.5152242276		13.3101984178		1.4052821264		14.2199236893		24.7450730512		29.415833549		14.7604090985		10.680		5.340

		Thomson 23L		- 0		- 0		- 0		- 0		- 0		- 0		2		7		12		- 0		2		- 0		1		- 0		1		2		6		- 0		1.8		0.92		0		1.0751233308		0.1893544998		1.5084025665		1.7356965419		1.0751233308		0.1893544998		1.5084025665		1.7356965419		1.0751233308		0.1893544998		1.5084025665		1.7356965419		1.0751233308		0.1893544998		1.5084025665		1.7356965419		1.0751233308		0.1893544998		0.095		0		0.0173948675		0.0019610132		0.0227878234		0.0173948675		0.0019610132		0.0227878234		0.0173948675		0.0019610132		0.0227878234		0.0173948675		0.0019610132		0.0227878234		0.0173948675		0.0019610132		0.0227878234		0.0173948675		0.0019610132		0.0227878234		0.011











































VoLL 5 yr Avg - All Ckts

		Inputs														ICE Calculator Output																																Calculated

		Circuit Number		Customers Served		5 yr SAIFI		5 yr SAIDI		Res		Small		Large		ResCostPerEvent		ResPerkW		ResUnServedkWh		ResTotal		SmallCICostPerEvent		SmallCIPerkW		SmallCIUnservedkWh		SmallCITotal		LargeCICostPerEvent		LargeCIPerkW		LargeCIUnservedkWh		LargeCITotal		AllCostPerEvent		AllPerkW		AllUnservedkWh		AllTotal		CAIDI		Cost/CMI		avg duration = SAIDI/60		CMI = SAIDI x Total Number of Customers 		Avg Outage Duration (hrs)		CMI

		Askov 6521		465		0.0065013318		0.6760018634		377		87		1		$6.44		$5.70		$3.29		$15.78		$918.82		$467.96		$269.98		$519.70		$5,555.02		$96.84		$55.87		$36.12		$189.08		$134.38		$77.53		$571.60		103.979		1.818		0.011		314		1.73		0.22

		Kerrick 6501		251		0.0027539234		0.2357264238		204		47		0		$6.08		$5.38		$3.77		$3.41		$811.98		$413.54		$289.87		$105.10		$5,018.06		$87.48		$61.32		$0.00		$156.98		$122.05		$85.55		$108.51		85.597		1.834		0.004		59		1.43		0.34

		Wrenshall 411		1099		0.0152406742		3.33		974		121		4		$8.97		$7.94		$2.18		$131.05		$1,795.99		$914.70		$251.18		$3,259.71		$9,675.17		$168.67		$46.32		$580.51		$240.90		$168.87		$46.37		$3,971.27		218.444		1.085		0.055		3,659		3.64		0.20

		Thomson 23L		1		0.0152406742		3.33		0		0		1		$8.97		$7.94		$2.18		$0.00		$1,795.99		$914.70		$251.18		$0.00		$9,675.17		$168.67		$46.32		$147.76		$9,675.17		168.67		46.32		147		218.444		44.292		0.055		3		3.64		218.44



																																																								Overall Average Outage Duration

																																																								2.61		hours

																																																								156.62		minutes





image1.png

BLACK&VEATCH






image2.png

Range

]
Almost Certain Imminent (100% chance of occurring this year) >0.90 1.00
Oncein1-2 Years Approximately 70% chance of consequence occurring this year (e.g. 1 in 1-2-year 05-090 070
consequence)
Oncein2-5 Years Approximately 35% chance of consequence occurring this year (e.g. 1 in 2-5-year 02-05 035
consequence)
Onceins - 10Vears Approximately 15% chance of consequence occurring this year (e.g. 1 in 5-10-year 01-02 015
consequence)
Once in 10 - 20 Years Approximately 7.5% chance of consequence occurring this year (e.g. 1in 10-20- 005-01 0075
year consequence)
Oncein 20-100 Years | APProximately 3% chance of consequence occurring this year (e.g. 1in 20-100-vear | ¢ o1 o oo 003
consequence)
None The consequence is unlikely to occur in the next 100 years <0.007 000
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Legal Notice



				Legal Notice





				Please be advised, this report was compiled primarily based on information Black & Veatch received from third parties, and Black & Veatch was not requested to independently verify any of this information. Thus, Black & Veatch’s reports’ accuracy solely depends upon the accuracy of the information provided to us and is subject to change at any time. As such, it is merely provided as an additional reference tool, in combination with other due diligence inquiries and resources of user. Black & Veatch assumes no legal liability or responsibility for the accuracy, completeness, or usefulness of any information, or process disclosed, nor does Black & Veatch represent that its use would not infringe on any privately owned rights. This Report may include facts, views, opinions and recommendations of individuals and organizations deemed of interest and assumes the reader is sophisticated in this industry. User waives any rights it might have in respect of this Report under any doctrine of third-party beneficiary, including the Contracts (Rights of Third Parties) Act 1999. Use of this Report is at users sole risk, and no reliance should be placed upon any other oral or written agreement, representation or warranty relating to the information herein.

THIS REPORT IS PROVIDED ON AN “AS-IS” BASIS. BLACK & VEATCH DISCLAIMS ALL WARRANTIES OF ANY KIND, EXPRESSED OR IMPLIED, INCLUDING, WITHOUT LIMITATION, ANY WARRANTY OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT. BLACK & VEATCH, NOR ITS PARENT COMPANY, MEMBERS, SUBSIDIARIES, AFFILIATES, SERVICE PROVIDERS, LICENSORS, OFFICERS, DIRECTORS OR EMPLOYEES SHALL BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF OR RELATING TO THIS REPORT OR RESULTING FROM THE USE OF THIS REPORT, INCLUDING BUT NOT LIMITED TO DAMAGES FOR LOSS OF PROFITS, USE, DATA OR OTHER INTANGIBLE DAMAGES, EVEN IF SUCH PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

In addition, user should place no reliance on the summaries contained in the Report, which are not intended to be exhaustive of the material provisions of any document or circumstances. If any point is of particular significance, reference should be made to the underlying documentation and not to this Report. This Report (and the content and information included therein) is copyrighted and is owned or licensed by Black & Veatch. Black & Veatch may restrict your access to this Report, or any portion thereof, at any time without cause. User shall abide by all copyright notices, information, or restrictions contained in any content or information accessed through this Report. User shall not reproduce, retransmit, disseminate, sell, distribute, perform, display, publish, broadcast, circulate, create new works from, or commercially exploit this Report (including the content and information made available through this Report), in whole or in part, in any manner, without the written consent of Black & Veatch, nor use the content or information made available through this Report for any unlawful or unintended purpose.







































































Avoided Capacity

				All Ckt Data Column G		Column B/2023 Coincident Peak		Source: Benefit NPV


		Circuit ID		Planner Winter Peak (KW)		% of 2023 Coincident Peak		Avoided Generation Capacity Cost ($)

		Askov 6521		1,080		0.08%		298.35

		Kerrick 6501		720		0.05%		198.90

		Wrenshall 411		3,667		0.26%		1,012.97

		Thomson 23L		2,657		0.19%		734.10

		Silver Bay		2,635		0.19%		727.82

















































































































































































































































































































Avoided Capacity (CL)



		Circuit ID		Capacity Change		Benefit Likelihood		Utilization Factor		Energy Price

		Askov 6521

		Kerrick 6501

		Wrenshall 411

		Thomson 23L











































































































































































































































































































Avoided Energy

				All Ckt Data Column G		Winter Peak (Column B)*Capacity_Factor*CVR_Factor*Voltage_Reduction_Pcnt*8760*Energy_Value/1000

		Circuit ID		Planner Winter Peak (kW)		Avoided Energy Cost ($)

		Askov 6521		1,080		1,289.05

		Kerrick 6501		720		859.37

		Wrenshall 411		3,667		4,376.59

		Thomson 23L		2,657		3,171.70

		Silver Bay		2,635		3,144.58











































































































































































































































































































Avoided Ancillary Services

				All Ckt Data Column G		Column B/2023 Coincident Peak		Source: Benefit NPV


		Circuit ID		Winter Peak kW		% of 2023 Coincident Peak		Avoided Ancillary Services Cost ($)

		Askov 6521		1,080		0.08%		2.10

		Kerrick 6501		720		0.05%		1.40

		Wrenshall 411		3,667		0.26%		7.11

		Thomson 23L		2,657		0.19%		5.15

		Silver Bay		2,635		0.19%		5.11











































































































































































































































































































































































































































































































































































































































Avoided T&D Losses

				All Ckt Data Column G		Column C/2023 Coincident Peak		Source: Benefit NPV

		Circuit ID		Winter Peak kW		% of 2023 Coincident Peak		Avoided T&D Losses ($)

		Askov 6521		1,080		0.08%		8.62

		Kerrick 6501		720		0.05%		5.75

		Wrenshall 411		3,667		0.26%		29.26

		Thomson 23L		2,657		0.19%		21.20

		Silver Bay		2,635		0.19%		21.02











































































































































































































































































































Avoided Fuel Cost

				All Ckt Data Column G		Column B/2023 Coincident Peak		Source: Benefit NPV


		Circuit ID		Winter Peak kW		% of 2023 Coincident Peak		Avoided Customer Fuel Cost ($)

		Askov 6521		1,080		0.08%		304.62

		Kerrick 6501		720		0.05%		203.08

		Silver Bay		2,635		0.19%		743.11

		Thomson 23L		2,657		0.19%		749.51

		Wrenshall 411		3,667		0.26%		1,034.25





Compliance Risk



		Circuit ID		What is the consequence of this event occurring?		What is the probability of this event occurring?		Consequence		Probability Representative Value		Compliance Benefit ($)

		Askov 6521		Moderate		Once in 2-5 Years		125		0.35		43,750

		Kerrick 6501		Moderate		Once in 2-5 Years		125		0.35		43,750

		Wrenshall 411		Moderate		Once in 2-5 Years		125		0.35		43,750

		Thomson 23L		Severe		Once in 10-20 Years		1100		0.075		82,500

		Silver Bay 271		Moderate		Once in 2-5 Years		125		0.35		43,750

		Silver Bay 277		Moderate		Once in 2-5 Years		125		0.35		43,750



		The consequence of a low voltage event on primarily residential customers is assumed to be moderate but more frequent, and more severe and less frequent on large industrial customers due to assumed on-site voltage regulation.











		CONSEQUENCE		MINIMAL		MODERATE		SIGNIFICANT		SEVERE		CRITICAL		CATASTROPHIC

		Compliance Risk		• Self reportable incident to regulator, no follow up		• Reportable incident with limited follow up		• Impact on relationship with state regulatory bodies		• Violation of Minnesota Power standard		• Violation of legal, regulatory, or statutory requirement resulting in an extended shutdown of a major facility or transmission line		• Revocation of license

								• Legal or compliance issue resulting in fines or penalties of $200K-$800K		• Significant impact on relationships with national or international regulatory bodies such as NERC, FERC, EPA, etc.		• NERC violation with no option to load shed		• Criminal charges against a Minnesota Power employee, officer, or director

								• Likely to have an impact of $200K-$800K on future projects or rate case submissions						• Off-site impact:  civil penalties or regulatory violations/intervention, possible to mitigate for >$2.5M



		CONSEQUENCE		MINIMAL		MODERATE		SIGNIFICANT		SEVERE		CRITICAL		CATASTROPHIC



		Range (Value Units)		< 50		50 - 200		200 – 800		800 – 1,500		1,500- 2,500		>2,500

														(7,500 max)

		Midpoint/Representative Value		25		125		600		1,100		2,000		5,000







Power Quality



		Circuit ID		What is the consequence of this event occurring?		What is the probability of this event occurring?		Consequence		Probability Representative Value		Power Quality Benefit ($)

		Askov 6521		Minimal		Once in 5-10 Years		25		0.15		3,750

		Kerrick 6501		Minimal		Once in 5-10 Years		25		0.15		3,750

		Wrenshall 411		Minimal		Once in 5-10 Years		25		0.15		3,750

		Thomson 23L		Moderate		Once in 5-10 Years		125		0.15		18,750

		Silver Bay 271		Minimal		Once in 5-10 Years		25		0.15		3,750

		Silver Bay 277		Minimal		Once in 5-10 Years		25		0.15		3,750



		The consequence of a low voltage event on primarily residential customers is assumed to be moderate but more frequent, and more severe and less frequent on large industrial customers due to assumed on-site voltage regulation.



































		CONSEQUENCE		MINIMAL		MODERATE		SIGNIFICANT		SEVERE		CRITICAL		CATASTROPHIC

		Power Quality Risk		• Customers/Community:  complaints to Call Centers		• Policy Makers:  questioning from Regulators, Legislators, and/or Community Leaders		• Litigation:  likely to result in legal costs of $200K - $800K		• Litigation:  likely to result in legal costs of $800K-$1.5M		• Litigation:  likely to result in legal costs of $1.5M-$2.5M		• Litigation:  likely to result in legal costs         > $2.5M

				• Customer files claims 		• News Media:  negative Local coverage		• News Media:  negative National coverage		• Negative Impact to External Stakeholders resulting in recovery costs of $800K-$1.5M		• Negative Impact to External Stakeholders resulting in recovery costs of $1.5M-$2.5M		• Investors:  major backlash resulting in financial re-statement or dividend-cut

				• Negative Impact to External Stakeholders resulting in recovery costs  < $50k		• Customer files claims 		• Negative Impact to External Stakeholders resulting in recovery costs of $800K - $1500K						• Negative Impact to External Stakeholders resulting in recovery costs > $2.5M

						• Negative Impact to External Stakeholders resulting in recovery costs of $50K - $200K





		CONSEQUENCE		MINIMAL		MODERATE		SIGNIFICANT		SEVERE		CRITICAL		CATASTROPHIC



		Range (Value Units)		< 50		50 - 200		200 – 800		800 – 1,500		1,500- 2,500		>2,500

														(7,500 max)

		Midpoint/Representative Value		25		125		600		1,100		2,000		5,000



































































































































































































































Installed Cost

				Average IVVC Cost/Circuit

		Circuit ID		Installed Capital Cost

		Askov 6521		$620,000

		Kerrick 6501		$620,000

		Wrenshall 411		$620,000

		Thomson 23L		$620,000

		Silver Bay 271		$620,000

		Silver Bay 277		$620,000







































































































































































































































































































Assumptions

		Inputs/Assumptions

						1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25

		Source		Item		Value

		Average Outage Duration - Kerrick, Wrenshall and Askov - VOLL 5 yr Avg (Column AB)		Average Outage Duration (minutes)		156.62

		Capacity $/kWmonth provided by MP - BV Data Request.xls		 Capacity Value($/kWyr)		67.56

				Capacity Factor		40%

		Marginal Energy Costs ($/MWh) provided by MP - BV Data Request.xls		Average All Hours ($/MWh)		$24.33

		BV Expertise		CVR Factor		0.7

		BV Expertise		Voltage Reduction (%)		2.0%

		MP Annual Consumption tab - 2021 IRP page 144		Transmission Line, Substation and Distribution Loss Gross-Up (%)		7.83%

		United-States-LCOE-2021_Data.xlsx		Fuel Cost ($/MWh)		See Tab "Fuel Costs"

		MISO_Transmission_Pricing_by_Sink_2021_1001
http://www.oasis.oati.com/woa/docs/MISO/MISOdocs/Historical_Rate.html		Ancillary Services Cost ($/yr)		871,301

				Transmission Loss (%)		4.0%

				Peak Load Change (%)		1.40%

				Maximum system-wide kW reduction		500.00

		BV Expertise - includes Substation and ADMS costs (93,463,894/151circuits)		Average IVVC Cost/Circuit		$   620,000

		Other Assumptions

		Assumed in service 2022

		5 year SAIDI/SAIFI From Wrenshall used for Thomson

		ICE Calculator used to create VOLL by Circuit

		Generation by Combined Cycle Gas Turbine (CCGT)

		The consequence of a low voltage event on primarily residential customers is assumed to be moderate but more frequent, and more severe and less frequent on large industrial customers due to assumed on-site voltage regulation.
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System-Wide Benefit NPV





				Benefit Calculation of the System-wide Implementation of IVVC

																										2019		2019.25		2019.5		2019.75		2020		2020.25		2020.5		2020.75		2021		2021.25		2021.5		2021.75		2022		2022.25		2022.5		2022.75		2023		2023.25		2023.5		2023.75		2024

																				2022-2052						2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050		2051		2052



																Escalation Rate				3.0%

																Discount Rate				7.0%





										Benefits																2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050		2051		2052

																		NPV		Year						1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

																		Total		Total

														Avoided Capacity

																		$382,992.32		$790,961.98						$0.00		$8,036.73		$16,527.45		$25,526.60		$35,526.55		$36,649.25		$37,922.63		$39,239.43		$40,601.10		$42,009.17		$43,465.17		$44,970.73		$46,527.50		$48,137.21		$49,801.62		$51,522.57		$53,301.96		$55,141.74		$57,043.94		$59,010.64		$61,044.01		$63,146.26		$65,319.71		$67,566.74		$69,889.80		$72,291.44		$74,774.27		$77,341.01		$79,994.46		$82,737.51		$85,573.14

														Avoided Ancillary Services

																		$2,689.37		$5,232.89						$0.00		$74.76		$149.51		$224.27		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02		$299.02

														Avoided T&D Losses

																		$11,062.91		$21,694.99						$0.00		$298.13		$595.24		$892.56		$1,206.04		$1,207.92		$1,213.48		$1,219.04		$1,224.61		$1,230.17		$1,235.74		$1,241.30		$1,246.87		$1,252.43		$1,258.00		$1,263.56		$1,269.13		$1,274.69		$1,280.26		$1,285.82		$1,291.39		$1,296.95		$1,302.52		$1,308.08		$1,313.65		$1,319.21		$1,324.77		$1,330.34		$1,335.90		$1,341.47		$1,347.03

														Avoided Fuel Cost

																		$391,035.55		$805,642.81						$0.00		$10,126.17		$20,347.06		$30,735.73		$41,864.32		$42,272.42		$42,799.04		$43,260.00		$43,749.18		$44,422.60		$45,117.55		$45,817.12		$46,508.25		$47,173.12		$46,873.61		$45,490.04		$44,342.30		$43,039.22		$41,579.11		$39,806.68		$40,319.30		$41,272.54		$42,365.31		$43,580.87		$44,957.70		$46,479.17		$46,838.24		$47,025.70		$47,222.41

																`







All Ckt Data



		Peak Load Match		Circuit		Total Customers		Res		Sm Comm		Lg Comm		Winter Peak kW		Summer Peak kW		Average Load kW		Annual Energy kW

		1011210		Askov 6521		465		377		87		1		1080.00		960		589.1		5175000

		5023460		Kerrick 6501		251		204		47		0		720.00		640		392.8		3450000

		6681201		Wrenshall 411		1099		974		121		4		3666.82		3163.3		1912.2		16797000

		6681202		Thomson 23L		1		0		0		1		2657.33		2813.6		649.4		5704000

		Silver Bay (North Shore 277/271)		Silver Bay		1122		985		136		1		2634.61		2721.91		1701.3		59609067

		4751201

		6931240

		6931242

		1391202

		1421208

		5781201

		5781202

		2243841

		3331281

		3331282

		3331283

		1451207

		6721201

		6721202

		5511201

		3851204

		1141201

		1121202

		1121298

		7861201

		1591202

		6931244

		3331284

		2211210

		6891223

		9991201

		7991211

		0701203

		0921202

		1171210

		1401251

		1431218

		1431219

		1381211

		1021245

		1001203

		1011241

		2341223

		7050401

		7100402

		4631235

		711A-DB

		3951248

		4401281

		7201202

		7131201

		7591221

		2413481

		6221205

		4291203

		4941201

		2671201

		3843448

		4321288

		7450402

		2701201

		4481206

		2721231

		3171201

		3171202

		5431210

		5431221

		4461232

		4461233

		3431201

		5811201

		5811202

		5811203

		5451222

		1151203

		2341201

		4371231

		5110401

		2842138

		6051256

		3160422

		5841202

		4471202

		7891290

		1713459

		7901201

		7901203

		5161201

		5161202

		7271286

		3081231

		9581296

		1611202

		1611204

		1611210

		4631231

		2801202

		7343448

		4621203

		4961201

		1801211

		5531203

		1713451

		1713452

		1191202

		3951247

		7571201

		9231232

		5551210

		4860401

		2991213

		6511255

		6931243

		1191201

		2341203

		7341206

		5221214

		5311211

		1561205

		7641251

		7581244

		2263477

		2801204

		7201208

		3021201

		5761262

		2801203

		7201204

		2410403

		2410404

		3041203

		7371245

		6191473

		7260402

		3461201

		6191472

		6191470

		6191471

		4221226

		3051201

		3051202

		3771201

		4221224

		2811264

		4221225

		7581245

		1573455

		7941262

		1573457

		5841201

		7861204

		7521203

		6041211

		1573454

		7141253

		3681217

		5191201

		5111298

		6231297

		4221223

		3350411

		4221222

		2901263

		4671201

		1542138

		2321401

		2410402

		2410401

		4241463

		2663473

		2901261

		3191204

		7771201

		7581247

		4561213

		3741201

		3191202

		3191203

		4481204

		3191201

		4131297

		3691209

		4131294

		4131295

		4131296

		4371233

		4131292

		3141215

		4131291

		4121201

		5003460

		5001222

		5003422

		5001221

		1863422

		6981202

		7131202

		6541213

		9181245

		1781239

		9181243

		1781237

		1781235

		1781236

		1631216

		5381201

		6841201

		6051257

		2651225

		1781233

		1781232

		1781231

		9171232

		6971201

		2293493

		3831202

		5651201

		3831201

		3031202

		3031201

		3801201

		3801202

		7401201

		6621201

		4381201

		5761261

		7201207

		4761292

		2413488

		3711205

		3711206

		3711202

		5521201

		3311261

		6283445

		3701275

		7001480

		4431283

		8991287

		1901203

		4321286

		4481201

		3350412

		1671210

		7771203

		3511231

		1591203

		4801202

		2663472

		7281203

		5201266

		6591203

		7641252

		6881201

		7381205

		2551202

		3631243

		3591211

		7281205

		5281202

		7211204

		7281201

		5151217

		3711201

		2701211

		1731205

		2663470

		3411210

		1534169

		6361251

		1641215

		7211202

		5771232

		4501222

		3681220

		7011207

		5271210

		3001242

		3311262

		6531202

		9431221

		4951211

		6581202

		4241462

		3741203

		5911204

		4141422

		4681201

		7181203

		2341225

		9231231

		4761290

		1611201

		2463446

		3001244

		4951213

		4621201

		6951201

		5851202

		1623472

		6851232

		3901202

		7011202

		7911202

		7911201

		5411278

		5411277

		5411276

		5411274

		5411275

		2701213

		7171205

		5411273

		6221211

		3591213

		2551203

		5411272

		7171204

		5411271

		5791254

		4411231

		4021261

		5791252

		5791253

		5791251

		4561215

		6661236

		6661237

		6661235

		6661233

		6661232

		8591203

		6661231

		6731224

		8591201

		6731223

		6731222

		3721203

		6731221

		3721201

		3721202

		5821201

		2113489

		4391253

		4391252

		4391251

		6671213

		6921202

		6921201

		1743433

		7291277

		3501268

		4501221

		2671204

		2421202

		3861271

		5151216

		9451221

		3781272

		2573447

		7291279

		9561251

		4931201

		9151233

		9151231

		5541202

		6851235

		7641253

		5541201

		4483475

		2183429

		2183456

		4151205

		4151202

		6611264

		6611265

		6611261

		4021263

		2503423

		2573431

		5101203

		5771233

		7251201

		1951223

		5091223

		5471286

		7011208

		6641220

		3741202

		4021262

		4411230

		1781238

		1951222

		4241460

		4411229

		4411228

		4411226

		4411227

		4411225

		4411221

		4411222

		4411223

		6941202

		6941201

		4131293

		4171261

		4681202

		6021411

		4301243

		3541201

		3541202

		2163401

		2163428

		5421203

		5421201

		6813498

		6811243

		6811242

		6811240

		6561224

		6561223

		5971204

		6561221

		6561222

		4881201

		5971203

		2801201

		7141252

		7201203

		5111296

		3241213

		1713450

		3130493

		3241211

		5971202

		4483427

		7901202

		5971201

		3971272

		3911205

		3911202

		7271287

		7271288

		5601235

		6741201

		3281202

		5431211

		9621266

		5431222

		9521270

		9521272

		4461231

		9621263

		9621264

		9621262

		9621261

		3621236

		3621235

		5811204

		5451221

		2691431

		5451226

		2210402

		2571210

		7981240

		7981242

		7981243

		3301231

		3301232

		3301233

		6891221

		6891222

		2991211

		4423497

		7531261

		0791202

		0791203

		4041201

		5881211

		5771235

		3621233

		0861202

		3621232

		0921203

		0691203

		3621231

		7851213

		7171201

		3371201

		HE21299

		HE11299

		0541298

		7851211

		1561202

		1221201

		5881210

		0571451

		1361299

		8881201

		2673406

		5471283

		4831277

		1131201

		5391207

		3671201

		2551205

		3281201

		5471285

		6471202

		3371202

		1561203

		4011293

		4601211

		2341202

		2653404

		4831276

		6951203

		5601233

		2341221

		4191208

		7201210

		4831275

		7621231

		4740453

		7221201

		4831274

		4831273

		4831272

		4831271

		6651202

		6651201

		1731204

		4511277

		4451203

		5231203

		5231201

		5231202

		3341203

		6381257

		3341202

		6381256

		6471201

		3081233

		6551251

		6550404

		6550401

		6550403

		7621232

		6951205

		2721235

		2691430

		2691407

		2691406

		7061202

		2691404

		1631213

		7521202

		373_3_4

		4631238

		6881202

		3660421

		5731202

		4281205

		4281202

		4281201

		5011419

		5011420

		5171407

		4701225

		4701223

		5171418

		5171420

		4701222

		4071232

		7060201

		1753472

		4141423

		4581231

		5031297

		5361256

		4071231

		5571283

		5031298

		3701272

		6581201

		5361255

		6231290

		7671207

		6951207

		7671206

		4081202

		9581295

		7541201

		2991201

		7011206

		1561204

		7671205

		5361254

		5571285

		5361253

		5391205

		3691203

		3491201

		5361252

		3781271

		5471281

		7231210

		6221203

		2991490

		4483473

		3841201

		1611207

		1611208

		7581242

		2061241

		1611299

		2691403

		7011203

		4091222

		3321211

		6491201

		7861202

		2721233

		5361251

		4431282

		2851271

		4431281

		6401235

		6401233

		7751201

		7751202

		7751203

		7751204

		6641224

		3861272

		5491211

		7681245

		4761291

		1901201

		4011290

		6231294

		5731203

		5911205

		7061201

		5501402

		1823466

		5171409

		9411213

		5011405

		7591225

		1691202

		1631215

		4491221

		7921203

		7431201

		4401282

		3420443

		3081235

		4611281

		3001243

		4631232

		2263413

		4511279

		4141424

		4501224

		4561216

		6531203

		6401232

		6971202

		6401231

		4511276

		4301245

		2851273

		5571281

		5911201

		6251210

		9581293

		3931272

		3931271

		3071244

		3071243

		3071242

		4381202

		7601202

		7611202

		7161201

		3811201

		2341222

		4231291

		7341203

		4401283

		5591201

		7611201

		6771222

		1683423

		4091220

		6771221

		2133409

		4091223

		2133410

		2131205

		2131204

		2131202

		2131201

		3751264

		3751263

		4401284

		3751261

		4401286

		3751262

		7791202

		3271438

		7791201

		3271410

		6314169

		5941225

		6231291

		3271409

		2701202

		3271407

		3271408

		3271404

		7201209

		3521202

		3271402

		3521201

		9171231

		1671201

		4301244

		2263425

		1823476

		2061243

		7061203

		4511278

		2341211

		6053499

		5031296

		1951221

		7091445

		7091444

		1953468

		7091443

		5911203

		4571201

		5371220

		4481207

		7601201

		7091442

		7181201

		7001481

		7091440

		3141220

		3601283

		7621233

		2671202

		4483426

		3681219

		7681244

		7291273

		4951210

		5091222

		5731201

		4631233

		3660422

		1723404

		7100401

		5571282

		1691201

		4191207

		6041201

		5281201

		5571284

		7291275

		7281208

		3141219

		3141218

		3141217

		7591223

		3141216

		6261210

		3141214

		3141211

		3141213

		4891283

		4891285

		4891281

		382X200

		382X100

		4811287

		4321289

		4481205

		2571213

		4811285

		7450404

		4811283

		4811281

		7711203

		4241461

		5101202

		1801213

		1591201

		4483474

		3440433

		4351231

		2411221

		2411222

		2413480

		4481202

		3420441

		7711202

		6231293

		7711201

		7201205

		7821201

		3491202

		2991205

		3231204

		3231202

		3231201

		5351203

		5351204

		7191202

		5761265

		5741201

		7171202

		9581292

		7070401

		4501223

		5391204

		7281202

		7373426

		7671201

		7681247

		9581291

		5571286

		5901206

		7341205

		5661241

		5151215

		6221215

		3321213

		5151218

		4401285

		5491210

		6200401

		7141251

		7211201

		5311210

		6541211

		5351202

		4801201

		3591210

		5501401

		3731201

		4551201

		3593496

		5751242

		7311201

		7311205

		4371235

		3601287

		4441254

		2421201

		3221201

		7171203

		5771231

		4441253

		6421231

		5941222

		4441252

		5941223

		4441251

		6701221

		2573430

		3601284

		3601285

		3601286

		7450401

		4251206

		4251205

		4251204

		4251203

		7941266

		6371211

		4251201

		4251202

		6903483

		7941265

		7941263

		7941264

		4931202

		7941261

		7681243

		3601281

		3501266

		3791210

		5311213

		1611206

		7631290

		6200402

		7921201

		8991281

		7011205

		3901205

		1311211

		4941202

		3593495

		4031210

		3691205

		4771201

		7341202

		2341213

		9141251

		5761263

		5531204

		4171262

		5391206

		3311291

		7291271

		4781261

		6641221

		4601210

		2811266

		2811265

		1631211

		2811263

		2811262

		6041210

		4011292

		8991283

		4301242

		4301247

		1793416

		6991201

		2811261

		9421211

		4971213

		5141202

		4971211

		3903449

		6851233

		5141201

		4481203

		3901204

		7681242

		4321287

		6011268

		7373428

		3981201

		7541203

		6011267

		6221204

		4821201

		5321202

		9441221

		4051202

		4051203

		4051201

		4181271

		4711227

		5521202

		4621202

		6221213

		4711226

		3901201

		4711225

		7281206

		4711223

		4711222

		4711221

		5601236

		7931201

		5461201

		5461202

		1771201

		7561203

		7361201

		7561201

		5221215

		4541202

		5221213

		1903419

		3861273

		5011418

		5201265

		1823402

		5581201

		6091203

		6901201

		4631236

		2991206

		7321251

		3691201

		3511235

		7381201

		7721201

		9991242

		3781273

		2293494

		3041201

		3041202

		3471204

		3471202

		9191233

		3471201

		9191231

		4481209

		5471284

		4343429

		1891275

		6641222

		6641223

		5371222

		3691207

		7371244

		2493408

		5551211

		5211201

		6531201

		4561211

		5761264

		3261201

		4011291

		2031243

		5941221

		3731202

		5091221

		4851204

		4851203

		5391201

		4581232

		3601282

		6011266

		1743435

		0681201

		6851231

		6011265

		2413484

		7001482

		4301246

		1491297

		1671211

		4611283

		7251202

		3101245

		3841202

		4171263

		4581230

		3631242

		7070402

		4851202

		2293492

		4851201

		0011243

		5471282

		5171408

		5711213

		7201201

		7001483

		5711211

		7211205

		5111297

		5391203

		3381201

		7281207

		6271293

		6271291

		1893449

		7571202

		6871211

		9531294

		2551201

		9531296

		9531292

		2041203

		2041202

		2553456

		2041201

		6411202

		2051210

		6411201

		2051209

		2051208

		7373403

		2051207

		6091202

		5011415

		1561206

		2093408

		4231293

		2431211

		2051206

		2051205

		2051204

		2051203

		2051202

		2051201

		1623471

		7701274

		1623475

		6051255

		7701273

		7701272

		3440432

		4740452

		7701271

		2093411

		5911202

		5941226

		4721201

		6251211

		4081201

		6091201

		7551436

		6231292

		3291231

		5721201

		5601232

		7551406

		2341216

		4161211

		4161210

		5181211

		5181210

		561H102

		7581243

		5613490

		7191201

		7581246

		7401202

		6021407

		9431223

		7921202

		7641254

		2673495

		6511254

		3321215

		2551204

		7201206

		6601201

		3531223

		6011264

		5941227

		7381204

		6011263

		1611209

		2653403

		6021402

		3701276

		2603466

		3420442

		3110416

		3081232

		3021202

		3130491

		3130492

		3531222

		3701277

		1661208

		7450403

		3701273

		1661207

		3221203

		2573479

		6051258

		4841243

		2701221

		2701222

		1661206

		1661203

		1661202

		4991223

		2031221

		2801205

		5011417

		7551404

		7551402

		2653405

		4991222

		4991221

		6291210

		1703457

		6101202

		6101201

		4661203

		4660401

		7501203

		7501201

		3381202

		4740451

		2571211

		2721232

		6031256

		6031254

		9411211

		6031253

		6031252

		6031251

		7661209

		7661204

		7661203

		7661202

		7661201

		4111256

		4111255

		4111254

		4111251

		4111252

		7161202

		7691201

		4111250

		5921211

		6391203

		6391202

		6391201

		3873437

		3871203

		3871202

		6231295

		1611203

		1611205

		3001240

		5901207

		1641213

		3701274

		6011261

		6011262

		9561253

		3871201

		7551401

		3440431

		4881202

		5481210

		4761293

		3660423

		1631210

		7371243

		2671203

		3511232

		2991202

		3511233

		4541201

		7361205

		5481209

		5481202

		3160421

		4481208

		6591202

		5481201

		4471201

		6501231

		3851205

		4091221

		4951216

		5531205

		3101243

		1891274

		3501267

		4541203

		2031222

		6901202

		4371232

		8991285





Capacity Deferral

		The IVVC program includes circuit conditioning.  Circuit Conditioning helps reduce line losses on the distribution circuitry.  Reducing line losses helps to reduce the voltage drop from the beginning of the circuit to the end, resulting in greater voltage reduction capability and ultimately greater load reduction capability.  Circuit Conditioning includes activities such as recondutoring the power lines to larger size wires, balancing load throughout the circuit, and the installation of distribution line capacitors and voltage regulators.  





		Assumptions:																		Normal mode max voltage reduction

		Assume a 0.7 CVR Factor																		2.0%

														CVR Factor:		0.7

		Annual Load Growth Rate:										1.00%

		% Load Reduction (CVR Mode):										0.030%

		% Peak Load Reduction using CVR Factor of 0.7:										1.40%



				BASE CASE:												PRM= Planning Reserve Margin: IVVC would do reduction closer to the load than the plant generation so there would be avoided transmission loss plus reserve margin.  This results in less generation you would need to serve the load.

		Year		Coincident Peak (MW)		Coincident * .03% Peak w/ IVVC (MW)		MW Reduction - Continuous (2% voltage reduction)		Total potential MW reduction		+ T, S and D Loss Gross-up  (7.83%) = Total MW Reduction		$/MWyr Avoided Capacity Cost		$/yr Capacity Offset Value		Utilization Factor 		Benefit Likelihood (%)		Avoided Capacity Benefit ($/yr)		Average Fuel Cost ($/MWhr)		Fuel Cost Benefit ($/year)		Ancillary Services Benefit ($)		4% Transmission Loss Benefit ($/yr)



		2022		1,368		1,368		0.0		0.0		0.0		67,560		- 0		1		100.0%		-0		16.04		0.00				- 0

		2023		1,386		1,386		-0.1		-0.1		-0.1		67,560		(7,575.4)		1		100.0%		7,575.4		16.12		9544.89		70.46		281

		2024		1,384		1,384		-0.2		-0.2		-0.2		67,560		(15,125.0)		1		100.0%		15,125.0		16.23		19179.06		140.93		561

		2025		1,384		1,383		-0.3		-0.3		-0.3		67,560		(22,680.1)		1		100.0%		22,680.1		16.34		28971.38		211.39		841

		2026		1,402		1,402		-0.4		-0.4		-0.5		67,560		(30,645.5)		1		100.0%		30,645.5		16.48		39461.13		281.86		1,137

		2027		1,404		1,404		-0.4		-0.4		-0.5		67,560		(30,693.2)		1		100.0%		30,693.2		16.61		39845.81		281.86		1,139

		2028		1,411		1,410		-0.4		-0.4		-0.5		67,560		(30,834.6)		1		100.0%		30,834.6		16.74		40342.20		281.86		1,144

		2029		1,417		1,417		-0.4		-0.4		-0.5		67,560		(30,976.0)		1		100.0%		30,976.0		16.84		40776.70		281.86		1,149

		2030		1,424		1,423		-0.4		-0.4		-0.5		67,560		(31,117.4)		1		100.0%		31,117.4		16.96		41237.80		281.86		1,154

		2031		1,430		1,430		-0.4		-0.4		-0.5		67,560		(31,258.8)		1		100.0%		31,258.8		17.14		41872.56		281.86		1,160

		2032		1,437		1,436		-0.4		-0.4		-0.5		67,560		(31,400.2)		1		100.0%		31,400.2		17.33		42527.62		281.86		1,165

		2033		1,443		1,443		-0.4		-0.4		-0.5		67,560		(31,541.6)		1		100.0%		31,541.6		17.52		43187.03		281.86		1,170

		2034		1,450		1,449		-0.4		-0.4		-0.5		67,560		(31,683.0)		1		100.0%		31,683.0		17.70		43838.49		281.86		1,175

		2035		1,456		1,456		-0.4		-0.4		-0.5		67,560		(31,824.4)		1		100.0%		31,824.4		17.88		44465.19		281.86		1,181

		2036		1,463		1,462		-0.4		-0.4		-0.5		67,560		(31,965.8)		1		100.0%		31,965.8		17.69		44182.87		281.86		1,186

		2037		1,469		1,469		-0.4		-0.4		-0.5		67,560		(32,107.2)		1		100.0%		32,107.2		17.09		42878.73		281.86		1,191

		2038		1,476		1,475		-0.4		-0.4		-0.5		67,560		(32,248.6)		1		100.0%		32,248.6		16.58		41796.87		281.86		1,196

		2039		1,482		1,482		-0.4		-0.4		-0.5		67,560		(32,390.0)		1		100.0%		32,390.0		16.03		40568.60		281.86		1,202

		2040		1,489		1,488		-0.4		-0.4		-0.5		67,560		(32,531.4)		1		100.0%		32,531.4		15.42		39192.30		281.86		1,207

		2041		1,495		1,495		-0.4		-0.4		-0.5		67,560		(32,672.8)		1		100.0%		32,672.8		14.69		37521.62		281.86		1,212

		2042		1,501		1,501		-0.5		-0.5		-0.5		67,560		(32,814.2)		1		100.0%		32,814.2		14.82		38004.80		281.86		1,217

		2043		1,508		1,507		-0.5		-0.5		-0.5		67,560		(32,955.6)		1		100.0%		32,955.6		15.10		38903.33		281.86		1,223

		2044		1,514		1,514		-0.5		-0.5		-0.5		67,560		(33,097.0)		1		100.0%		33,097.0		15.44		39933.36		281.86		1,228

		2045		1,521		1,520		-0.5		-0.5		-0.5		67,560		(33,238.4)		1		100.0%		33,238.4		15.81		41079.15		281.86		1,233

		2046		1,527		1,527		-0.5		-0.5		-0.5		67,560		(33,379.8)		1		100.0%		33,379.8		16.24		42376.95		281.86		1,238

		2047		1,534		1,533		-0.5		-0.5		-0.5		67,560		(33,521.2)		1		100.0%		33,521.2		16.72		43811.08		281.86		1,243

		2048		1,540		1,540		-0.5		-0.5		-0.5		67,560		(33,662.6)		1		100.0%		33,662.6		16.78		44149.54		281.86		1,249

		2049		1,547		1,546		-0.5		-0.5		-0.5		67,560		(33,804.0)		1		100.0%		33,804.0		16.78		44326.23		281.86		1,254

		2050		1,553		1,553		-0.5		-0.5		-0.5		67,560		(33,945.4)		1		100.0%		33,945.4		16.78		44511.65		281.86		1,259

		2051		1,560		1,559		-0.5		-0.5		-0.5		67,560		(34,086.8)		1		100.0%		34,086.8		16.78		44697.06		281.86		1,264

		2052		1,566		1,566		-0.5		-0.5		-0.5		67,560		(34,228.2)		1		100.0%		34,228.2		16.78		44882.47		281.86		1,270

																								Extended - assumed the same 



















































































































































































VoLL 5 yr Avg - All Ckts

		Inputs														ICE Calculator Output																																Calculated

		Circuit Number		Customers Served		5 yr SAIFI		5 yr SAIDI		Res		Small		Large		ResCostPerEvent		ResPerkW		ResUnServedkWh		ResTotal		SmallCICostPerEvent		SmallCIPerkW		SmallCIUnservedkWh		SmallCITotal		LargeCICostPerEvent		LargeCIPerkW		LargeCIUnservedkWh		LargeCITotal		AllCostPerEvent		AllPerkW		AllUnservedkWh		AllTotal		CAIDI		Cost/CMI		avg duration = SAIDI/60		CMI = SAIDI x Total Number of Customers 		Avg Outage Duration (hrs)		CMI

		Askov 6521		465		0.0065013318		0.6760018634		377		87		1		$6.44		$5.70		$3.29		$15.78		$918.82		$467.96		$269.98		$519.70		$5,555.02		$96.84		$55.87		$36.12		$189.08		$134.38		$77.53		$571.60		103.979		1.818		0.011		314		1.73		0.22

		Kerrick 6501		251		0.0027539234		0.2357264238		204		47		0		$6.08		$5.38		$3.77		$3.41		$811.98		$413.54		$289.87		$105.10		$5,018.06		$87.48		$61.32		$0.00		$156.98		$122.05		$85.55		$108.51		85.597		1.834		0.004		59		1.43		0.34

		Wrenshall 411		1099		0.0152406742		3.33		974		121		4		$8.97		$7.94		$2.18		$131.05		$1,795.99		$914.70		$251.18		$3,259.71		$9,675.17		$168.67		$46.32		$580.51		$240.90		$168.87		$46.37		$3,971.27		218.444		1.085		0.055		3,659		3.64		0.20

		Thomson 23L		1		0.0152406742		3.33		0		0		1		$8.97		$7.94		$2.18		$0.00		$1,795.99		$914.70		$251.18		$0.00		$9,675.17		$168.67		$46.32		$147.76		$9,675.17		168.67		46.32		147		218.444		44.292		0.055		3		3.64		218.44



																																																								Overall Average Outage Duration

																																																								2.61		hours

																																																								156.62		minutes





MP Annual Consumption



						Column 1		Column 2		Column 3		Column 4		Column 5		Column 6		Column 7		Column 8		CALCULATED

						CONSUMPTION BY ULTIMATE CONSUMERS IN MINNESOTA		CONSUMPTION BY ULTIMATE CONSUMERS OUTSIDE OF MINNESOTA		RECEIVED FROM OTHER UTILITIES		DELIVERED FOR RESALE		TOTAL ANNUAL NET GENERATION 		TRANSMISSION LINE, SUBSTATION, AND DISTRIBUTION LOSSES		TOTAL WINTER CONSUMPTION		TOTAL SUMMER CONSUMPTION		(GENERATION + RECEIVED) MINUS (RESALE + LOSSES) MINUS (CONSUMPTION) SHOULD EQUAL ZERO

						MWH		MWH		MWH		MWH		MWH		MWH		MWH		MWH

						[7610.0310 B(1)]		[7610.0310 B(2)]		[7610.0310 B(3)]		[7610.0310 B(4)]		[7610.0310 B(5)]		[7610.0310 B(6)]		[7610.0310 B(7)]		[7610.0310 B(8)]						% Loss (Losses/Generation)								Average % Loss

		Past Year		2019		9,014,805		0		7,660,860		4,652,952		6,477,004		470,107		5,096,534		5,093,203		0				7.26%								7.83%

		Present Year		2020		6,429,214		0		2,842,531		2,765,299		7,100,384		748,402		4,302,985		3,345,647		0				10.54%		Outlier

		1st Forecast Year		2021		8,018,229		0		2,993,885		2,657,498		8,356,932		675,090		4,842,994		4,708,409		0				8.08%

		2nd Forecast Year		2022		8,019,984		0		2,585,554		2,244,616		8,417,625		738,580		4,842,336		4,726,049		0				8.77%

		3rd Forecast Year		2023		8,019,386		0		2,592,630		2,248,656		8,389,544		714,132		4,873,498		4,725,940		0				8.51%

		4th Forecast Year		2024		8,048,545		0		2,496,685		2,253,262		8,496,953		691,831		4,864,075		4,729,481		0				8.14%

		5th Forecast Year		20256		8,238,929		0		2,160,527		2,387,713		9,163,995		697,880		5,038,757		4,870,396		0				7.62%

		6th Forecast Year		2026		8,404,497		0		2,047,720		2,285,772		9,357,439		714,890		5,046,953		4,922,181		0				7.64%

		7th Forecast Year		2027		8,415,657		0		2,069,645		2,278,414		9,333,387		708,961		5,084,885		4,932,446		0				7.60%

		8th Forecast Year		2028		8,446,712		0		2,037,138		2,267,085		9,398,257		721,598		5,062,601		4,938,211		0				7.68%

		9th Forecast Year		2029		8,430,339		0		2,082,832		2,236,485		9,277,683		693,690		5,071,201		4,945,331		0				7.48%

		10th Forecast Year		2030		8,430,290		0		2,160,184		2,184,347		9,152,462		698,009		5,071,237		4,947,077		0				7.63%

		11th Forecast Year		2031		8,429,219		0		2,089,032		2,261,122		9,324,781		723,472		5,092,378		4,949,302		0				7.76%

		12th Forecast Year		2032		8,416,625		0		2,107,538		2,270,711		9,292,791		712,994		5,048,505		4,934,826		0				7.67%

		13th Forecast Year		2033		8,352,889		0		2,103,649		2,303,827		9,280,751		727,684		5,031,429		4,917,931		0				7.84%

		14th Forecast Year		2034		8,309,039		0		2,117,507		2,278,548		9,191,661		721,581		1,697,152		4,897,279		0				7.85%















Fuel Costs

		Source: Wood Mackenzie United States-LCOE-2021_Data and MP IRP/Website for Generation Mix

				Fuel source		Tech		2015 
(Website): MW Generated		2021
(IRP):
MW Generated		% Total		Fuel Cost ($/MWh): 2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050

		Boswell Energy		low mercury, low-sulfur Coal		Coal		940		932		83.44%		15.33		15.31		15.34		15.39		15.45		15.52		15.61		15.71		15.81		15.87		15.94		16.09		16.24		16.4		16.57		16.74		16.48		15.73		15.09		14.38		13.61		12.73		12.87		13.2		13.59		14.03		14.54		15.11		15.18		15.18		15.18

		Hibbard Renewable		Mixture of biomass and coal		CCGT		48		46.9		4.26%		19.44		19.53		19.58		19.81		20.13		20.5		20.84		21.15		21.43		21.75		22.08		22.43		22.82		23.16		23.42		23.61		23.76		23.93		24.11		24.32		24.51		24.59		24.64		24.7		24.75		24.8		24.83		24.85		24.85		24.83		24.83

		Laskin Energy		Natural gas		CCGT		110		99		9.76%		19.44		19.53		19.58		19.81		20.13		20.5		20.84		21.15		21.43		21.75		22.08		22.43		22.82		23.16		23.42		23.61		23.76		23.93		24.11		24.32		24.51		24.59		24.64		24.7		24.75		24.8		24.83		24.85		24.85		24.83		24.83

		Rapids Energy		Mixture of biomass and coal		CCGT		28.6				2.54%		19.44		19.53		19.58		19.81		20.13		20.5		20.84		21.15		21.43		21.75		22.08		22.43		22.82		23.16		23.42		23.61		23.76		23.93		24.11		24.32		24.51		24.59		24.64		24.7		24.75		24.8		24.83		24.85		24.85		24.83		24.83

												Average Fuel Cost per Year:		16.01		16.01		16.04		16.12		16.23		16.34		16.48		16.61		16.74		16.84		16.96		17.14		17.33		17.52		17.70		17.88		17.69		17.09		16.58		16.03		15.42		14.69		14.82		15.10		15.44		15.81		16.24		16.72		16.78		16.78		16.78
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Range

]
Almost Certain Imminent (100% chance of occurring this year) >0.90 1.00
Oncein1-2 Years Approximately 70% chance of consequence occurring this year (e.g. 1 in 1-2-year 05-090 070
consequence)
Oncein2-5 Years Approximately 35% chance of consequence occurring this year (e.g. 1 in 2-5-year 02-05 035
consequence)
Onceins - 10Vears Approximately 15% chance of consequence occurring this year (e.g. 1 in 5-10-year 01-02 015
consequence)
Once in 10 - 20 Years Approximately 7.5% chance of consequence occurring this year (e.g. 1in 10-20- 005-01 0075
year consequence)
Oncein 20-100 Years | APProximately 3% chance of consequence occurring this year (e.g. 1in 20-100-vear | ¢ o1 o oo 003
consequence)
None The consequence is unlikely to occur in the next 100 years <0.007 000
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Percent Load Reduction (%)

CVR =
Percent Voltage Reduction (%)
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MINNESOTA ELECTRIC UTILITY INFORMATION REPORTING - FORECAST SECTION (Continued)

76100310 Hom B. FORECAST OF ANNUAL SYSTEM CONSUMPTION AND GENERATION DATA. (Express n MIWH)

Itis recognized that there may be ircumstances in which the data entered by the utity is more appropriate or accurate than the value i the corresponding
‘automaticall-calculated cell. f the value n the automaticaly-calculated cell does not match the value that your utity entered, please provide an explanation in the
Comments area at the botiom of the worksheet tab.
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