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I.  INTRODUCTION AND QUALIFICATIONS 1 

 2 

Q. PLEASE STATE YOUR NAME AND TITLE. 3 

A. My name is Farah L. Mandich. I am Director of Resource Planning and 4 

Bidding for Xcel Energy Services, Inc. (Xcel Energy), which supports the Xcel 5 

Energy operating companies, including Northern States Power Company-6 

Minnesota (NSP or the Company). The Company provides electric service to 7 

customers in Minnesota, North Dakota, and South Dakota (collectively, the 8 

NSPM States). The Company’s affiliate, Northern States Power, a Wisconsin 9 

corporation (NSPW), provides electric service to customers in Wisconsin and 10 

Michigan. The Company and NSPW, together under the Interchange 11 

Agreement, own and operate the five-state integrated NSP System. 12 

 13 

Q.  PLEASE DESCRIBE YOUR QUALIFICATIONS AND EXPERIENCE.  14 

A.  I have worked for Xcel Energy since April 2019 in the areas of Regulatory 15 

Affairs and Resource Planning. I have been in my current position since 16 

September 2021. In my first role with the Company, in the Regulatory Affairs 17 

department, I worked with cross-functional teams to develop Integrated 18 

Resource Plan and resource acquisition filings for NSP.  19 

 20 

Prior to joining Xcel Energy, I worked as a Policy Advisor for Southern 21 

California Edison, a large investor-owned utility in California. In this role, I 22 

supported development of Integrated Resource Planning and resource 23 

acquisition regulatory filings before the California Public Utilities 24 

Commission. My statement of qualifications is provided as Exhibit___(FLM-25 

1), Schedule 1.   26 
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Q. WHAT ARE YOUR CURRENT RESPONSIBILITIES? 1 

A. In my current role, I lead the Resource Planning team on the development of 2 

resource plans and acquisitions for the five-state integrated Upper Midwest 3 

Northern States Power Company system (NSP System), which provides 4 

electric service to customers in North Dakota, South Dakota, Minnesota, 5 

Wisconsin, and Michigan. This includes assisting the Company in making 6 

reasonable and prudent acquisition decisions for electric generation resources. 7 

 8 

Q. WHAT IS THE PURPOSE OF YOUR TESTIMONY IN THIS PROCEEDING? 9 

A. The purpose of my testimony is to support the prudence of the Company’s 10 

proposal to extend the life of the Monticello Nuclear Generating Plant 11 

(Monticello Plant or the Plant) through at least 2040. This life extension will 12 

require an addition to the existing Independent Spent Fuel Storage Installation 13 

(ISFSI) facility at Monticello as well as a Subsequent License Review at the 14 

Nuclear Regulatory Commission (NRC) to support a 10-year extension of the 15 

Plant’s NRC license. Together, these two investments represent a $97 million 16 

capital investment in the Monticello Plant. Without this extension, the 17 

Monticello Plant would need to close in 2030, and the Company would need 18 

to replace the substantial capacity and energy it provides to the NSP System 19 

with other resources.  20 

 21 

Q. DO YOU BELIEVE THE COMPANY’S PROPOSED INVESTMENT IN THE LIFE 22 

EXTENSION OF THE MONTICELLO PLANT IS PRUDENT? 23 

A. Yes. The Monticello Plant provides critical baseload generation and fuel 24 

diversity benefits that are important for maintaining overall reliability on the 25 

NSP System. Additionally, the Monticello Plant provides carbon-free baseload 26 

generation, and in that respect, its continued operation is critical to achieving 27 
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the Company’s carbon-reduction goals while reducing exposure to more 1 

volatile fuel and wholesale electricity prices. For these reasons, the Company’s 2 

proposal to invest in additional spent fuel storage and federal licensing 3 

requirements to extend the life of the Plant to 2040 is prudent, and an ADP 4 

should be granted. 5 

 6 

Q. HOW IS THE REMAINDER OF YOUR TESTIMONY ORGANIZED? 7 

A. My testimony is organized as follows:  8 

• First, I discuss the economic analysis that the Company performed on 9 

the Monticello Plant extension, both as part of our resource planning 10 

process and specific to the proposed extension 11 

• Second, I discuss additional benefits of the Monticello Plant extension 12 

from a resource planning perspective, both in terms of ensuring system 13 

reliability as well as meeting the Company’s resource adequacy 14 

requirements. 15 

 16 

II.  ECONOMIC ANALYSIS 17 

 18 

Q. WHAT IS THE PURPOSE OF THIS SECTION OF YOUR DIRECT TESTIMONY? 19 

A. In this section, I summarize the economic analysis that the Company 20 

performed to understand the economic impacts of extending the life of the 21 

Monticello Plant as part of our broader resource planning process. I also 22 

discuss the results of our reanalysis of the Monticello extension under North 23 

Dakota planning principles.  24 

 25 
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Q. HOW DID THE COMPANY GO ABOUT ANALYZING THE PROPOSED 1 

MONTICELLO PLANT EXTENSION? 2 

A. As I noted above, if the Company does not invest in additional spent fuel 3 

storage and extend the Monticello Plant’s NRC license through 2040, the Plant 4 

would need to shut down in 2030, and the Company would need to replace the 5 

substantial capacity and energy it provides to the system. Therefore, the 6 

Company analyzed alternatives for replacing the capacity and energy provided 7 

by the Monticello Plant as part of our 2020-2034 Upper Midwest Integrated 8 

Resource Plan (IRP) cycle. We subsequently conducted additional analysis to 9 

further evaluate what resources would replace Monticello if it were retired in 10 

2030, including a replacement case using North Dakota planning assumptions.  11 

 12 

Q. PLEASE SUMMARIZE THE RESULTS OF THIS ANALYSIS. 13 

A. The Company’s IRP analysis found that, in general, extending the life of the 14 

Monticello Plant as part of our IRP Alternate Plan is cost effective from both a 15 

present value of revenue requirements (PVRR) and present value of societal 16 

cost (PVSC) perspective, supports achievement of our carbon reduction goals, 17 

and ensures that we maintain a robust share of firm and/or dispatchable 18 

generation relative to peak load across seasons. In the analysis of replacement 19 

scenarios, if the Monticello Plant is not extended, our analysis found that the 20 

capacity provided by Monticello would be most cost-effectively replaced by gas 21 

combustion turbines (CTs), and its energy value would be replaced primarily 22 

with additional wind generation. This modeling showed a slight relative cost for 23 

the Monticello Plant extension scenario versus a fully optimized replacement 24 

case. However, as I discuss below, this retirement and CT replacement scenario 25 

would not achieve our carbon reduction goals and would leave customers more 26 

exposed to wholesale markets and fuel price and supply volatility. Overall, while 27 
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the modeling of the extension of the Monticello Plant shows some additional 1 

costs versus a case in which it is retired and replaced by CTs and wind, the 2 

Company’s economic analysis found that the Monticello Plant is prudent due 3 

to the important reliability, resource diversity, and carbon-reduction benefits 4 

that the Plant provides to the NSP System. 5 

 6 

A. Resource Planning Analysis 7 

Q. HOW DID THE COMPANY ANALYZE THE MONTICELLO EXTENSION IN THE 8 

CONTEXT OF ITS BROADER RESOURCE PLANNING PROCESS? 9 

A. As part of our initial IRP filing in 2019, we developed 15 scenarios with 10 

varying combinations and timing of baseload unit retirements. These scenarios 11 

also identified the size, type, and timing of new resources needed to continue 12 

meeting customers’ needs and achieve our goal to reduce carbon emissions 80 13 

percent by 2030. A summary of each of these 15 baseload scenarios is attached 14 

as Exhibit___(FLM-1), Schedule 2. We compared these scenarios to a 15 

Reference Scenario, which was essentially a “business as usual” case based on 16 

our prior (2016-2030) Resource Plan with respect to all of the baseload units 17 

retiring at their then-scheduled retirement dates. Of note, no baseload 18 

scenario that retired the Monticello and Prairie Island nuclear plants at their 19 

currently scheduled license dates achieved our carbon goals.  20 

 21 

Q. WHAT DID THE COMPANY SELECT AS ITS PREFERRED PLAN? 22 

A. From our analysis, the scenario that eventually became the Company’s 23 

Preferred Plan in its resource planning cycle was Scenario 9, in which the 24 

Monticello Plant would be extended until 2040, and the Prairie Island Nuclear 25 

Generating Plant (Prairie Island) units would operate through the end of their 26 

current licenses in 2033 and 2034. In the Reference Scenario, the Monticello 27 
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Plant was scheduled to retire in 2030. Also under Scenario 9, the Allen S. King 1 

plant would retire in 2028, and Sherco Unit 3 would retire in 2030. The full 2 

assumptions used in the 2019 Strategist modeling are provided in 3 

Exhibit___(FLM-1), Schedule 3. 4 

 5 

Q. HOW DID THE COMPANY ANALYZE THE DIFFERENT SCENARIOS? 6 

A. After identifying the scenarios for analysis, we utilized the Strategist modeling 7 

tool to identify sets of resources needed to continue to meet customer needs 8 

for each scenario, along with their resultant costs and emissions impacts. 9 

 10 

Q. WHAT WERE THE RESULTS OF THE COMPANY’S ECONOMIC ANALYSIS? 11 

A. As noted above, the Company analyzed 15 different planning scenarios, 12 

representing various combinations of baseload retirements and/or extensions 13 

in the 2020-2034 planning period. Figures 1 and 2 below show the net present 14 

value delta of the modeled cost of each Scenario compared to the Reference 15 

Scenario, with negative values representing customer savings relative to the 16 

Reference Scenario and positive values representing increased costs. Figure 1 17 

provides the Scenario deltas on a PVSC (present value of societal cost) basis 18 

which include the costs for carbon dioxide and other emissions. Figure 2 19 

provides the Scenario deltas on a PVRR basis (present value of revenue 20 

requirements) which does not include any costs for emissions. In general, the 21 

plans that favored early coal retirements (i.e., by 2030) and nuclear extensions 22 

were the lowest cost plans on both a PVSC and PVRR basis. 23 
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       Figure 1: Scenario PVSC Deltas from Reference Case ($2019 millions) 1 
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         Figure 2: Scenario PVRR Deltas from Reference Case ($2019 millions)1 13 
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1 Note the PVRR deltas shown depict NPV for 2020-2045.  
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Q. WHAT DO FIGURES 1 AND 2 SHOW? 1 

A. These figures show that extension of the Monticello Plant to 2040 was found 2 

in our 2019 Strategist modeling to be economically prudent, both as a 3 

standalone decision and in combination with other extensions and 4 

retirements, and regardless of whether carbon costs are considered. The 5 

scenario in which only the Monticello Plant was extended, and all other units 6 

remained the same as the Reference Case resulted in savings relative to the 7 

Reference Case.2  8 

 9 

Q. HOW ARE THE COSTS OF EMISSIONS INCLUDED IN THE PVSC CALCULATION? 10 

A. The PVSC is the cost of a particular resource plan when the negative 11 

externality of emissions are considered as a direct cost associated with emitting 12 

resources. The calculation of PVSC is required by Minnesota statute and 13 

regulation, and is calculated using the Minnesota Commission’s regulatory 14 

cost of carbon dioxide and externality values for criteria pollutants.3 By 15 

contrast, the PVRR-based analysis presented in our IRP excludes carbon costs 16 

and all externality values from the production cost modeling results over the 17 

modeling period, but continues to consider carbon costs in the capacity 18 

expansion step. We conduct further modeling for North Dakota jurisdictional 19 

filings that optimizes the expansion plan without costs of carbon or air 20 

pollutant externalities included in any way.  21 

 22 

                                           
2 I.e. net present value deltas from 0 are negative in the charts above, exemplifying that the scenario results 
in less costs than the Reference Case. 
3 I note that the Minnesota Legislature passed legislation yesterday that would significantly increase these 
externality values, but it has not been signed into law at the time of this filing.   
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Q. HOW SHOULD THE COMMISSION TAKE INTO CONSIDERATION THE ANALYSIS 1 

PERFORMED ON A PVSC BASIS? 2 

A. North Dakota law prohibits the consideration of proxy externality costs in the 3 

selection of resource additions. While no federal carbon regulation was in 4 

place at the time the 2019 IRP was filed, PVSC calculations do provide a 5 

reasonable estimate of the impacts of potential future regulation. Planning a 6 

system without consideration of potential future environmental regulation is 7 

a risk to customers, as these regulations can be implemented faster than the 8 

Company can change its resource portfolio and thus have the potential to 9 

impose costly environmental compliance investments later. Thus, while PVSC 10 

calculations cannot be used in North Dakota to justify the Company’s action, 11 

they do provide a qualitative window into the decision making of our 12 

Company leadership at the time.  13 

 14 

Q. WHAT DID THE COMPANY DRAW FROM THE ABOVE ANALYSIS REGARDING 15 

THE MONTICELLO EXTENSION? 16 

A. As I noted above, the scenarios analyzed in which Monticello was extended 17 

all resulted in expected savings for customers in the 2019 Strategist modeling.  18 

 19 

Q. DID THIS HOLD TRUE IN SUBSEQUENT ANALYSES DURING THE IRP CYCLE? 20 

A. Yes. The Company supplemented its Resource Plan in June 2020. We made 21 

updates to several modeling inputs, accounting for the passage of time and 22 

further analysis requirements and, as noted above, we used the EnCompass 23 

modeling tool for the first time. The EnCompass model provides the 24 

additional capability of modeling our system on a chronological hourly basis. 25 

The more granular forecasting capabilities of EnCompass provide a more 26 

precise view of our future energy and capacity needs in light of increasing 27 
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levels of variable renewables and duration limited resources on our system. 1 

We primarily used those modeling results to develop our Supplement 2 

Preferred Plan. The full Strategist and EnCompass assumptions used for the 3 

June 2020 modeling are provided in Exhibit___(FLM-1), Schedule 4. 4 

 5 

Q. HOW DID THE SUPPLEMENT PREFERRED PLAN DIFFER FROM YOUR INITIAL 6 

PLAN? 7 

A. As noted above, we implemented the switch to EnCompass modeling for the 8 

Supplement Preferred Plan analyses. EnCompass better reflects grid operations 9 

and values a more complete range of resource attributes than Strategist 10 

modeling. Whereas an hourly chronological model will examine the value and 11 

performance capabilities of various resources relative to customer needs across 12 

each hour in a sample set of days and weeks – or a full year – a model that 13 

utilizes load duration curves for capacity expansion simulations primarily values 14 

capacity adequacy at an annual peak and assesses a more “averaged” value for 15 

energy. EnCompass expansion plans, which utilize hourly chronological 16 

modeling, better account for resource contributions of variable renewables and 17 

duration limited resources – like battery energy storage – that may not be fully 18 

addressed in load duration modeling. As a result, the portfolios from our 19 

EnCompass modeling included a more diverse set of resources, balancing solar 20 

additions with more wind and firm peaking generation additions, than the 21 

Strategist expansion plans.  22 

 23 

Q. WHAT WERE THE RESULTS OF THE JUNE 2020 ANALYSIS? 24 

A. We evaluated the same baseload retirement scenarios as in our initial plan, 25 

relative to a Reference Scenario in which all units would retire at their then-26 
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scheduled retirement dates. Figures 3 and 4 below show the results of June 2020 1 

analysis using both the Strategist and Encompass models: 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 
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 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

Figure 3: Baseload Scenario PVSC Deltas, Relative to the 
Reference Case, in Strategist and EnCompass Modeling 
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Q. WHAT DO FIGURES 3 AND 4 SHOW? 1 

A. Figures 3 and 4 show that, based on our June 2020 analysis, the extension of 2 

the Monticello Plant was still expected to generate considerable savings on a 3 

PVSC basis relative to the Reference Scenario. On a PVRR basis, the scenario 4 

in which only the Monticello Plant is extended and no other plant retirement 5 

dates change (Scenario 13) was expected to have a marginal amount of 6 

additional cost compared to the Reference Scenario. However, when combined 7 

with an extension of the Prairie Island units (Scenarios 12 & 15), the Monticello 8 

Plant extension was expected to result in savings. Further, as shown in Figure 5 9 

below, Scenarios 9 and 12 were the only Scenarios that were able to achieve 10 

Xcel Energy’s carbon reduction goals, which endeavor to reduce our carbon 11 

emissions attributable to serving customers by 80 percent from 2005 levels by 12 

2030. By contrast, the scenarios that retired Monticello in 2030 or early often 13 

substantially missed the target. Figure 5 below shows the carbon reductions 14 

associated with each IRP Scenario. 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

Figure 5: Carbon Reduction Achievement by Scenario – 2020 Supplement 
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Q. WHICH SCENARIO DID THE COMPANY SELECT AS ITS PREFERRED PLAN? 1 

A. The Company selected Scenario 9 as its Preferred Plan, after screening out the 2 

scenarios in which the Prairie Island units were extended. This screening was 3 

done because Prairie Island’s licenses are not due to expire until the 2033-2034 4 

timeframe, at the end of the planning period. Thus, the Company felt there was 5 

value in deferring a decision on Prairie Island license extension until a future 6 

resource planning process.  7 

 8 

Q. DID THE COMPANY PERFORM ANY ADDITIONAL ANALYSIS ON THE 9 

MONTICELLO PLANT EXTENSION AFTER THE JUNE 2020 ANALYSIS DESCRIBED 10 

ABOVE? 11 

A. Yes. As part of our preparation of an “Alternate Plan” for our IRP in June 2021, 12 

in response to stakeholder feedback the Company analyzed an updated Scenario 13 

9 that removed the addition of a gas-fired combined cycle unit at the Sherco 14 

site, and added transmission tie-lines to re-utilize the available interconnection 15 

rights for certain retiring resources. A summary of our analysis of the Alternate 16 

Plan is provided in Table 1 below, and the full assumptions used in this 17 

modeling are provided in Exhibit___(FLM-1), Schedule 5.  18 
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 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

Q. WHAT DOES TABLE 1 SHOW? 19 

A. Overall, both the Company’s Supplement Plan as updated in Table 1 (Updated 20 

Scenario 9) and the Alternate Plan meet the goals of our core planning 21 

objectives to reduce carbon at a reasonable cost while also maintaining reliability 22 

and mitigating risk. The Supplement Plan achieves 80 percent carbon reduction 23 

and PVSC savings of $234 million relative to the Reference Case, but resulted 24 

in costs on a PVRR basis (consistent with our findings in our Supplement 25 

modeling). The Alternate Plan achieves more savings on a PVSC basis ($606 26 

Table 1: Company Plan Performance Across Selected Key Planning Metrics 
in the June 2021 IRP Filing 

 Plan Updated Scenario 9 Alternate Plan 
C

os
t 

PVSC delta  
($ million, cost/(savings) relative to 
Reference Case) 

($234) ($606) 

PVRR delta  
($ million, cost/(savings) relative to 
Reference Case) 

$96 ($46) 

E
nv

iro
nm

en
t Carbon reduction by 2030  

(percent, from 2005 levels) 
80% 86% 

Total carbon-free generation, 2034 
(percent of total generation) 73% 82% 

R
is

k 
an

d 
R

el
ia

bi
lit

y 

Firm capacity-to-peak demand ratio 0.63 0.58 

Sensitivities - range of cost deltas relative 
to Reference Case 

(1,090) – 124 

Median: (202) 

(2,163)-16 

Median: (544) 

2034 Native capacity shortfall events 0 0 

2034 expected unserved energy (EUE) 0 0 

Loss of Load Hours (LOLH) 0 0 

2034 maximum 3-hour net load ramp 
under base assumptions (MW) 

4,081 4,484 
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million) as well as $46 million of savings on a PVRR basis.4  Both plans maintain 1 

reliability and mitigate customer risk, by including sufficient firm dispatchable 2 

generation to cover a substantial portion of customer load. Particularly in the 3 

winter where – as we have seen again in recent years – significant customer 4 

needs may occur when variable renewables cannot be “switched on” like a 5 

dispatchable generator with physical fuel often can. In the absence of a fully-6 

implemented seasonal resource adequacy construct in MISO, being able to meet 7 

the majority of the Company’s winter load with dispatchable resources on our 8 

system is a critically important risk and reliability consideration. 9 

 10 

Q. HAS THE MINNESOTA COMMISSION APPROVED THE ALTERNATE PLAN? 11 

A. Yes. The Minnesota Commission held hearings on our IRP in late January and 12 

early February of 2022, issuing its official Order on April 15, 2022 (Docket No. 13 

E-002/RP-19-368). The Order largely approves the capacity additions in our 14 

plan for the next 8-10 years, and approved the Company continuing to seek a 15 

Monticello extension via the requisite Certificate of Need (CN) process for the 16 

spent fuel storage expansion and pursuing an operating license extension from 17 

the NRC as well.  18 

 19 

                                           
4 We note that the Company also analyzed a scenario under North Dakota planning assumptions 
(no regulatory or externality values in the capacity expansion) in which the coal units retire early but 
Monticello is extended. That plan resulted in a more gas-heavy portfolio than the Alternative Plan, along 
with cost increases of $254 million net present value over the 25 years of the plan relative to the Reference 
Case under North Dakota assumptions. Under a sensitivity that assessed the impacts of tax reform that 
was being assessed at the time (similar in some respects as those  enacted in the IRA), the North Dakota 
scenario resulted in cost savings of $108 million on a net present value basis relative to the Reference 
Case.  These savings generally reflect policies proposed at the time targeted at enabling more efficient 
monetization of tax credits, to the benefit of our customers.  
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B. Monticello-Specific Analysis 1 

Q. HOW DID THE COMPANY ANALYZE THE PROPOSED MONTICELLO EXTENSION 2 

SPECIFICALLY? 3 

A. For purposes of analyzing the Monticello Plant extension individually, the 4 

Company compared the IRP Alternate Plan, in which Monticello is extended to 5 

2040, to a replacement case in which Monticello is not extended, to determine 6 

whether an alternative is available that better balances cost, environmental, and 7 

risk/reliability objectives. The replacement case retires Monticello at its 8 

currently scheduled date and allows the resource planning model to optimize 9 

replacements needed to fill the energy and capacity needs created by the 10 

retirement. In the replacement case we allowed the model to freely optimize the 11 

most cost-effective resources to replace Monticello.  12 

 13 

Q. WHAT WERE THE RESULTS OF THIS ANALYSIS? 14 

A. Our analysis finds that the Alternative Plan best balances the Company’s core 15 

cost, environmental, and market and reliability risk objectives. If left to optimize 16 

the most cost-effective resources to replace Monticello, the model will choose 17 

to add (or pull forward from later years) approximately 750 MW of gas-fired 18 

combustion turbines (CTs) in 2030, to meet capacity needs, alongside 19 

approximately 750 MW of additional wind resources and 200 MW of solar 20 

resources throughout the planning period, relative to the Alternate Plan. This 21 

alternative is more costly on a PVSC basis than the Alternate Plan, and would 22 

result in increased exposure to market prices and volatility. In addition, the 23 

closure of Monticello has reliability impact that would need to be addressed as 24 

discussed in the Direct Testimony of Mr. Siebenaler. 25 



 

 17 Case No. PU-23-____ 
  Mandich Direct 

Q. DID THE COMPANY PERFORM AN ANALYSIS OF THE MONTICELLO PLANT 1 

EXTENSION IN COMPLIANCE WITH NORTH DAKOTA PLANNING PRIORITIES? 2 

A. Yes. The Company analyzed the Alternate Plan versus the case in which the 3 

Monticello Plant is retired in 2030 without consideration of externality values in 4 

capacity expansion or production cost modeling, consistent with North Dakota 5 

law. We examined these cases with our base assumptions as well as high and 6 

low fuel and market price sensitivities. All scenarios also incorporate estimated 7 

impacts of the new Inflation Reduction Act tax credits for clean energy 8 

resources.  9 

 10 

Q. WHAT WERE THE RESULTS OF THIS ANALYSIS? 11 

A. A summary of the analysis results are included in Table 2 below.  12 

 13 

Table 2: Summary Results of North Dakota Monticello Scenarios 14 
Category Measure Alternate Plan 

(as presented in IRP) 
Alternate Plan - 

ND Scenario 
(as presented in IRP) 

Monticello 
Replacement 1 

(fully optimized replacement) 

R
es

ou
rc

e 
as

su
m

pt
io

ns
 a

nd
 s

el
ec

tio
n 

Baseload 
retirements 
assumed 
before 2034 

• Sherco 2 (2023) 
• Sherco 1 (2026) 
• King (2028) 
• Sherco 3 (2030) 
• Monticello (2040) 
• Prairie Island (2033-

2034) 
 

• Sherco 2 (2023) 
• Sherco 1 (2026) 
• King (2028) 
• Sherco 3 (2030) 
• Monticello (2040) 
• Prairie Island (2033-

2034) 

• Sherco 2 (2023) 
• Sherco 1 (2026) 
• King (2028) 
• Sherco 3 (2030) 
• Monticello (2030) 
• Prairie Island 

(2033-2034) 

Resources 
optimized 

All available All available All available 

Resources 
selected 
through 2034 

• Battery: 250 
• CT: 2,937 
• Wind: 2,650 
• Solar: 3,150 

• Battery: 150 
• CT: 4,433 
• Wind: 1,950 
• Solar: 2,050 

• Battery: 100 
• CT: 5,181 
• Wind: 2,150 
• Solar: 2,100 
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Category Measure Alternate Plan 
(as presented in IRP) 

Alternate Plan - 
ND Scenario 

(as presented in IRP) 

Monticello 
Replacement 1 

(fully optimized replacement) 

Incremental 
resources 
(MW) selected 
to replace 
Monticello 
capacity and 
energy relative 
to the 
Alternate Plan 
– ND 
Scenario, 
through 2034 

 

n/a n/a • Battery: (50) 
• CT: 748 
• Wind: 200 
• Solar: 50 

Plus fewer market sales and 
additional market purchases 

2020-2045 
PVRR ($ 
million), delta 
from 
Alternate Plan 
– ND 
Scenario 

 
 

n/a 

 

n/a 

 

(145) 

E
nv

iro
nm

en
ta

l P
er

fo
rm

an
ce

 

Carbon 
reduction 
from 2005 
levels, 2031 
(percent) 

86 80 78 

Total carbon 
serving 
customers, 
2031 (million 
tons) 

3.82 5.53 
6.16 

 

Total carbon-
free 
generation, 
2031 (percent) 

82 77 72 

R
is

k 
an

d 
R

el
ia

bi
lit

y Firm capacity-
to-annual 
(summer) 
peak demand 
ratio, 2034 

0.58 0.72 0.72 

Firm capacity-
to-winter peak 
demand ratio, 
2034 

0.75 0.93 0.93 
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Category Measure Alternate Plan 
(as presented in IRP) 

Alternate Plan - 
ND Scenario 

(as presented in IRP) 

Monticello 
Replacement 1 

(fully optimized replacement) 

Average 
annual market 
purchases, 
2030-2040 
(GWh) 

1,775 2,984 4,189 

Average 
annual market 
sales, 2030-
2040 (GWh) 

10,488 8,038 6,720 

  1 

 2 

Q. WHAT DO YOU CONCLUDE FROM THIS ANALYSIS? 3 

A. Similar to the cases analyzed under Minnesota planning requirements, the case 4 

in which Monticello is retired in 2030 performs better on a modeled cost basis, 5 

but does not achieve the same level of ongoing carbon reduction and leaves 6 

customers more exposed to wholesale market purchases and fuel price and 7 

supply volatility. Ultimately, Table 2 above shows that under North Dakota 8 

planning assumptions, the Company’s proposed extension of the Monticello 9 

Plant to 2040 results in $145 million in additional costs on a PVRR basis. That 10 

said, – as discussed by Company witness Ms. Pamela Prochaska – the 11 

Company has already invested in capital improvements at the plant; as such, 12 

there are fewer incremental investments needed to achieve a life extension and 13 

enable those past capital investments to be utilized over a longer period of 14 

time. Further, there are substantial other benefits associated with extending 15 

the plant, including carbon benefits, reliability and customer risk mitigation. 16 

For these reasons it is prudent for the Company to extend Monticello until 17 

2040. 18 

 19 



 

 20 Case No. PU-23-____ 
  Mandich Direct 

Q. WHAT IS THE POTENTIAL IMPACT OF ADDITIONAL MARKET EXPOSURE 1 

HIGHLIGHTED IN THIS ANALYSIS? 2 

A. The tables above show that customers are more heavily market exposed in the 3 

case when Monticello retires early in two primary ways. The first is that the 4 

analysis shows substantially higher market purchases needed to serve customer 5 

load in the replacement case and fewer market sales. While we model all cases 6 

with sufficient accredited capacity to meet our customer load plus effective 7 

planning reserve margin requirement (PRMR) – based on the legacy annual 8 

construct – the model is able to rely on the MISO wholesale market to meet 9 

hour to hour customer needs, subject to assumed transmission constraints. The 10 

case where Monticello is replaced primarily with CTs and wind results in less 11 

native generation from NSP system resources and more reliance on market 12 

purchases. This is primarily a result of the differences between attributes 13 

between nuclear units and CTs, even though both types of units receive similar 14 

capacity accreditation levels. Whereas a nuclear unit is baseload “always on” 15 

generation with low marginal operating costs, CTs are lower upfront investment 16 

resources with higher marginal costs that operate relatively less frequently, 17 

usually to serve peak needs or longer periods of time when other low or zero 18 

marginal cost resources are not available.  19 

 20 

 Second, and perhaps less obviously from the modeling results, CTs are subject 21 

to more fuel price and availability volatility than nuclear units. Whereas nuclear 22 

units have physical fuel in the plant that allows them to operate for long 23 

durations of time without additional exposure to fuel prices for each 24 

incremental MWh produced, natural gas is more subject to daily and monthly 25 

price swings and availability constraints. The Company does employ 26 

appropriate hedging and fuel storage strategies to mitigate that volatility and 27 
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CTs are an important part of our overall portfolio; however, in comparison to 1 

baseload nuclear, CTs do not typically have firm fuel delivery contracts and thus 2 

may rely on other types of fuel security (on-site storage of fuel oil or liquefied 3 

natural gas). In any case, firm fuel contracts or reliance on higher cost fuels for 4 

backup exposes CTs to higher potential upside costs of operation than nuclear 5 

units, which – as noted Ms. Prochaska’s testimony – utilize fuel rods that 6 

typically produce for six years. Thus, while CTs are an important part of our 7 

system for their flexibility and renewable integration attributes and do provide 8 

comparable accreditation values, they are not one-for-one replacements for 9 

nuclear capacity in terms of the risk mitigation value they provide to the system. 10 

Company witness Mr. Drew Siebenaler discusses the on-site fuel storage and 11 

other reliability benefits of nuclear generation in more detail in his Direct 12 

Testimony. 13 

 14 

Q. HAVE YOU CONDUCTED ANALYSIS TO EVALUATE THE POTENTIAL IMPACT OF 15 

THIS MARKET EXPOSURE ON THE RESULTS OF THE MONTICELLO EXTENSION? 16 

A. Yes. Table 3 below shows the PVRR delta between the Alternate Plan – ND 17 

Scenario and the Monticello Replacement Case when using different fuel and 18 

market energy price assumptions, consistent with sensitivities we evaluate in our 19 

IRP and often use in resource acquisitions as well. The table shows that if gas 20 

and market energy prices are higher than we forecasted in our base analyses – 21 

as we have experienced recently –  the case in which Monticello retires in 2030 22 

and is replaced primarily with CTs and wind is more costly. If market and fuel 23 

prices are substantially lower than our base forecast, it appears more 24 

economically beneficial to replace Monticello with those alternate resources. 25 

This shows that the economic modeling results for the Monticello Replacement 26 

Case are very sensitive to commodity price forecasts, which makes the 27 
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additional, more qualitative considerations even more important to evaluate in 1 

this case.  2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

Q. DOES THE RECENTLY-ENACTED INFLATION REDUCTION ACT AFFECT THE 12 

COST OF THE MONTICELLO PLANT EXTENSION? 13 

A. Yes. The Inflation Reduction Act (IRA) includes tax benefits that, for at least 14 

the first few years of the extension, will reduce costs below what we previously 15 

anticipated for the project. Estimated benefits of tax credits for both the 16 

renewable and nuclear units are included in the economic analysis above. For 17 

generic renewable resources we included tax credits equal to the new IRA base 18 

credits with the multiplier available for meeting prevailing wage and 19 

apprenticeship requirements.5 For nuclear units, the value of the new 20 

Production Tax Credit (PTC) available takes into account MISO market prices. 21 

To estimate this, we use our MISO market price assumptions to calculate an 22 

estimated value of PTCs per MWh generated by our nuclear units, per our 23 

current understanding of how the tax credits will be calculated and applied. I 24 

                                           
5 We also account for a certain level of costs associated with tax credit transferability for resources that are 
assumed to be Company owned.  

Table 3: Fuel and Market Price Sensitivity Results 

$2020 millions Alternate Plan - 
ND Scenario (as 
presented in IRP)  

Monticello 
Replacement 1 

(fully optimized 
replacement)  

Delta  
(Monticello Replacement 1, 
minus Alternate Plan – 

ND Scenario)   
Base Case 34,955 34,810 (145) 
High Fuel and 
Market Prices 35,738 35,882 144 

Low Fuel and 
Market Prices 34,441 34,085 (355) 
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should note, however, that the US Department of Treasury continues to 1 

develop and refine tax guidance at the time of this filing.  2 

 3 

Q. ARE THERE OTHER IMPORTANT FACTORS TO CONSIDER ASIDE FROM 4 

MODELED COSTS OF THE PROPOSED EXTENSION? 5 

A. Yes. While the modeling of the Monticello Plant extension may show 6 

additional costs versus a case in which it is retired and replaced by CTs and 7 

wind, the Monticello Plant provides important resource diversity benefits that 8 

are crucial to maintaining reliability on the NSP System. I discuss the reliability 9 

benefits of the Monticello Plant in the next section of my Testimony, and they 10 

are discussed in further detail in Mr. Siebenaler’s Direct Testimony. 11 

 12 

III.  ADDITIONAL BENEFITS OF THE 13 

MONTICELLO PLANT EXTENSION 14 

 15 

Q. WHAT IS THE PURPOSE OF THIS SECTION OF YOUR TESTIMONY? 16 

A. In this section, I discuss the benefits of the Monticello Plant that are not 17 

captured in the modeling but are nonetheless critical to maintaining overall 18 

reliability on the NSP System, including the inherent reliability of nuclear 19 

generation, the importance of baseload generation, and the importance of 20 

maintaining a diverse mix of generation resources. Even though the PVRR 21 

modeling of the proposed Monticello Plant extension may show incremental 22 

costs, the extension is prudent because of these additional benefits of the 23 

Monticello Plant, described further below. 24 
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  A. Reliability and Resource Diversity Benefits of Monticello 1 

Q. HOW DOES THE COMPANY CONSIDER RELIABILITY IN ITS PLANNING AND 2 

SELECTION OF GENERATION RESOURCES? 3 

A. Reliability and resource adequacy considerations are central to our resource 4 

planning process. The Company plans our system to be able to meet our 5 

capacity needs without reliance on the MISO capacity auction. This provides 6 

important protections for customers against severe weather events and other 7 

price volatility. When we evaluate potential future plans, we consider metrics 8 

such as the firm capacity to peak demand ratio, the number of shortfall events, 9 

the potential for unserved energy and loss of load hours, and the maximum 3-10 

hour net load ramp. Through our resource planning process, we thoroughly 11 

considered the reliability impact of retiring Monticello in 2030 versus 12 

extending it to 2040.  13 

 14 

Q.  WHAT WERE THE RESULTS OF THIS RELIABILITY TESTING? 15 

A. We found that the Alternate Plan – which extends Monticello through 2040 – 16 

was reliable both under the typical meteorological year (“TMY”) assumptions 17 

we utilize in our expansion plan and production cost modeling, as well as 18 

under a stress test of more extreme weather conditions, such as we 19 

experienced in 2019. The 2019 load and weather patterns tested included a 20 

polar vortex period, over which load was relatively high and renewable output 21 

was relatively low in comparison to a typical year. The results of this analysis 22 

show that even under those conditions, there were no loss of load hours or 23 

unserved energy in the year tested (2034) and only one short event where our 24 

load may not be met with native capacity capabilities. As part of our resource 25 

planning process in Minnesota, we also examined a separate proposal from an 26 

external party that excluded a Monticello extension and replaced the resource 27 
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with renewables and batteries (Intervenor No New Gas/Nuclear Retirement). 1 

For this case, the 2019 stress test revealed substantial potential for unserved 2 

energy (“EUE”), higher risk of Loss of Load Hours (“LOLH”), net load 3 

ramps as high as our total system load in some cases, and significant native 4 

capacity shortfall events. Table 4 below shows the results of this reliability 5 

analysis for the Alternate Plan and Supplement Plan, as well as the Intervenor 6 

No New Gas/Nuclear Retirement scenario, in which the Monticello Plant 7 

would be retired. This analysis shows that a case that retires Monticello early 8 

and also restricts new firm dispatchable capacity would be undesirable on 9 

several reliability and risk metrics relative to our Alternate Plan, reinforcing 10 

the ongoing value of Monticello.  11 

 12 

Table 4: Reliability Analysis 13 

Plan 

Hourly 
Conditions 

in 
Simulated 
for Plan 

Year 2034 

Native 
Capacity 
Shortfall 
Events  

Shortfall 
Hours 

Requiring 
Maximum 

MISO 
Imports 

Average 
Shortfall 
Intensity 

(MW) 

Longest 
Shortfall 

(Hr) 

Peak 
Capacity 
Shortfall 

(MW) 

Max Net 
Load 

Ramp * 
LOLH EUE 

(MWh) 

C
om

pa
ny

 A
lte

rn
at

e 
Pl

an
 

TMY 
(Average 

Year) 
0 0 0 0 0 4,484 0 0 

2019 Actual 
Hourly 
Load & 

Generation 

1 2 171-205 2 213-239 4,794-
4,814 0 0 

C
om

pa
ny

 S
up

pl
em

en
t 

Pl
an

 (U
pd

at
ed

 S
ce

na
rio

 9
)  

TMY 
(Average 

Year) 
0 0 0 0 0 4,081 0 0 

2019 Actual 
Hourly 
Load & 

Generation 

2-Jan 0-3 81-135 2 145-171 5,019-
5,178 0 0 

In
te

rv
en

o
r N

o 
N

ew
 G

as
 

 
 

  TMY 
(Average 

Year) 
3 0-4 154 2 260 7,082 0 0 
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2019 Actual 
Hourly 
Load & 

Generation 

30-47 28-140 440-484 11 1,818-
2,819 

7,990-
9,521 0-17 0-5,767 

 *Over a period of three hours       

 1 

 2 

Q. DOES THE COMPANY TAKE RESOURCE ATTRIBUTES INTO ACCOUNT IN ITS 3 

RESOURCE PLANNING PROCESS? 4 

A. Yes. While we model our capacity expansion plans based on specific 5 

technology types’ cost and operational characteristics, we also look across 6 

resource types to ensure a balanced portfolio that provides appropriate 7 

capacity, energy, and flexibility attributes in aggregate. Generation resource 8 

diversity is important to maintain the robustness and resiliency of our 9 

generation portfolio, particularly as we move toward our carbon reduction 10 

goals. 11 

 12 

Q. WHY DOES THE COMPANY TAKE RESOURCE ATTRIBUTES INTO ACCOUNT IN 13 

ITS RESOURCE PLANNING PROCESS? 14 

A. Examining a portfolio’s resource attributes is becoming increasingly 15 

important as capacity adequacy decouples from other reliability attributes. 16 

Due to retirement of large thermal units and federal and state policies, variable 17 

resources make up an increasing share of our future generation mix. These 18 

resources provide important emission reduction benefits, but also represent a 19 

significant shift in operating characteristics relative to the legacy grid. As 20 

variable renewable resources increase as a share of the total energy and 21 

capacity available on the system, the grid becomes more complex, with more 22 

variations in net load for which other resources must be prepared to cover. 23 

This increased variation in net load is in part why we shifted to the 24 
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EnCompass tool for our resource plan modeling, as I discussed earlier. 1 

Overall, as we plan our future system and the mix of resources on the grid 2 

continues to evolve, we must ensure that all the necessary resource attributes 3 

that ensure a reliable supply and delivery of electricity to customers are still 4 

present.  5 

 6 

Q. HOW IS THIS SHIFT TO VARIABLE RESOURCES REFLECTED ON THE NSP 7 

SYSTEM? 8 

A. In the Alternate Plan ND Scenario with the impacts of the IRA incorporated, 9 

approximately 52 percent of our overall generation portfolio would come 10 

from wind and gas capacity in 2034. In the Monticello Replacement Case, that 11 

share rises to 59 percent in 2034. While there is no specific required level of 12 

resource diversity, maintaining a mix of resources with various attributes is a 13 

beneficial risk mitigation approach when designing a reliable and resilient 14 

portfolio. 15 

 16 

Q. HOW DOES THE MONTICELLO PLANT MITIGATE THE IMPACTS OF AN 17 

INCREASING SHARE OF VARIABLE RESOURCES ON THE GRID? 18 

A. As a baseload (i.e., “always on”) resource with a high capacity factor, the 19 

Monticello Plant provides a wide range of essential reliability services to the 20 

grid. Additionally, nuclear generation is inherently more resistant to reliability 21 

events such as severe weather and fuel disruptions due to on-site fuel storage. 22 

These benefits are discussed further in Mr. Siebenaler’s Direct Testimony. 23 

From a resource planning perspective, we need a mix of large and small plants 24 

with their  different  operational attributes in order to maximize production 25 

and reduce risk. Our nuclear fleet adds important diversity to our generation 26 

portfolio and provides a hedge against not only gas price volatility but also the 27 
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uncertainty of technological development, future renewable pricing, and the 1 

future of solar capacity values.  2 

 3 

Q:  HOW ARE NUCLEAR PLANTS SIMILAR TO AND DIFFERENT FROM CTS FROM A 4 

RESOURCE ATTRIBUTE AND OVERALL PLANNING PERSPECTIVE? 5 

A: A CT is similar to a nuclear plant in that it is a traditional “firm” resource, 6 

meaning it can provide electricity reliably, on demand, and for long durations. 7 

Both resource types provide valuable capacity to the NSP System. However, 8 

in the Company’s current and future generation portfolio, CTs act as peaking 9 

resources, meaning they are intended to be able to meet evening load ramps 10 

when net demand typically increases (sometimes rapidly), as well as start 11 

relatively quickly if the grid operator foresees a decline in variable renewable 12 

resources needed to meet demand. Thus, while both CTs and nuclear plants 13 

both provide important capacity value to the NSP System, they serve vastly 14 

different functions—i.e., baseload generation versus flexible peaking 15 

resources. Company witness Mr. Siebenaler further discusses the importance 16 

of the Monticello Plant to the NSP System as a baseload resource in his Direct 17 

Testimony. 18 

 19 

B. Resource Adequacy Benefits of Monticello 20 

Q. WILL EXTENDING THE LIFE OF THE MONTICELLO PLANT HELP THE COMPANY 21 

ACHIEVE ITS MISO RESOURCE ADEQUACY REQUIREMENTS? 22 

A. Yes. MISO is currently in the process of significantly reforming its capacity 23 

accreditation and obligation construct, with the goal of ensuring reliability as 24 

the system transitions away from traditional baseload generation and toward 25 

a more flexible system that relies more heavily on variable renewables. The 26 

first step was to transition to a seasonal resource adequacy construct, wherein 27 
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both generation resources’ accreditation and demand requirements would be 1 

identified by season rather than based on an annual peak. 2 

 3 

Q. HOW DOES NUCLEAR GENERATION FIT WITHIN MISO NEW SEASONAL 4 

RESOURCE ADEQUACY CONSTRUCT? 5 

A. While the Company’s resource accreditation values for the first year of 6 

seasonal construct implementation are still being finalized and we are working 7 

to include this construct change in future resource plan modeling, it is clear 8 

that baseload resources that operate at high capacity factors between refueling 9 

will be beneficial, because they reduce the risk of an unplanned outage during 10 

a seasonal peak. They also operate at very low marginal costs, which is not the 11 

case for other types of baseload generation. Finally, the planning reserve 12 

margins the Company must meet, over and above forecasted load, now differ 13 

by season, with non-summer seasons seeing substantially higher PRMRs – up 14 

to 25.5 percent – than recent annual construct values (which focus only on an 15 

annual peak). Nuclear units maintain largely consistent Resource Adequacy 16 

(RA) value across seasons, whereas there is typically more variation by season 17 

for other resource types. Thus, nuclear generation can provide the most 18 

consistent value to customers of any type of generation from a MISO RA 19 

perspective, while also providing energy market benefits. 20 

 21 

Q. WHY IS THIS IMPORTANT? 22 

A. This is important because while the CTs that were modeled to replace the 23 

Monticello Plant if it retires in 2030 will also get a high accreditation value and 24 

they can provide benefits to the system during peak demand periods, they are 25 

not as fuel resilient and will not operate as a continuous baseload resource, as 26 

I discussed earlier. The Company’s view is that as the grid continues to 27 
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transition to variable renewable resources, duration limited resources (such as 1 

battery energy storage), and flexible dispatchable plants, market constructs will 2 

continue to place value on high capacity factor, always-on generation that has 3 

long-term fuel security and low marginal costs, such as nuclear. Thus the 4 

Company is prudently positioning itself to maintain this beneficial resource 5 

on the system for the future. 6 

 7 

IV.  CONCLUSION 8 

 9 

Q. DOES THIS CONCLUDE YOUR PRE-FILED DIRECT TESTIMONY? 10 

A. Yes, it does. 11 
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Statement of Qualifications 

 
 
Farah Ladan Mandich is Director of Resource Planning and Bidding for Northern 
States Power Company – Minnesota. She currently leads the Company’s Resource 
Planning team in the development of resource plans and resource acquisitions for the 
NSP System, which provides electric service to customers in North Dakota, South 
Dakota, Minnesota, Wisconsin, and Michigan. She has been in this role since 
September 2021. Previously she did a one-year development rotation it the Resource 
Planning team as a specialist and acting team lead. Mandich initially joined Xcel 
Energy in April 2019 as a Regulatory Policy Specialist, where she was responsible for 
developing resource planning and resource acquisition regulatory filings for NSPM.  
 
Prior to joining Xcel Energy, Mandich was a Policy Advisor at Southern California 
Edison (SCE), a large investor-owned utility in California. In this role, she supported 
development of Integrated Resource Planning and resource acquisition regulatory 
filings before the California Public Utilities Commission. Before working on 
California regulatory issues, Mandich was a Knowledge Specialist in global 
consultancy McKinsey & Company’s Electric Power & Natural Gas practice, where 
she served as a subject matter expert to both US and international clients on North 
American utility and renewable energy markets.   
 
Mandich received her Bachelor of Science in Economics from Texas Christian 
University and her Master of Public Policy from the University of Michigan’s Gerald 
R. Ford School of Public Policy.  
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Baseload Modeling Scenarios 
 

In our initial and our supplement IRP filing, we developed 15 baseload scenarios below.  

Base 

• Scenario 1 (Reference) – All units retire at their current dates (King in 2038, Sherco 
3 in 2034, Monticello in 2030 and Prairie Island 1 and 2 in 2033 and 2034 respectively) 
 
Early Coal Family 

• Scenario 2 (Early King) – King is retired in 2028. Sherco 3 and the nuclear units are 
unchanged. 

• Scenario 3 (Early Sherco 3) – Sherco 3 is retired by 2030. King and the nuclear units 
are unchanged. 

• Scenario 4 (Early All Coal) – King is retired in 2028, Sherco 3 is retired by 2030, and 
the nuclear units are unchanged. 
Early Nuclear Family 

• Scenario 5 (Early Monticello) – Monticello is retired at the end of 2026. Coal and 
Prairie Island is unchanged. 

• Scenario 6 (Early Prairie Island) – Prairie Island is fully retired by the end of 2025. 
Coal and Monticello is unchanged. 

• Scenario 7 (Early All Nuclear) – Prairie Island and Monticello are both retired early 
per the years above, the coal units are unchanged. 

• Scenario 8 (Early All Baseload) – All baseload units, including coal and nuclear, are 
retired early per the years indicated above. 
 
Nuclear Extension Family 

• Scenario 9 (Early Coal, Extend Monticello) – All coal was retired at the early dates 
and Monticello is extended for 10 years. Prairie Island is unchanged. 

• Scenario 10 (Early King, Extend Monticello) – King was retired at the early date 
and Monticello is extended for 10 years. Sherco 3 and Prairie Island are unchanged. 

• Scenario 11 (Early Coal, Extend Prairie Island) – All coal was retired at the early 
dates and Prairie Island is extended for 10 years. Monticello is unchanged. 
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• Scenario 12 (Early Coal, Extend All Nuclear) – All coal was retired at the early 
dates and both Monticello and Prairie Island are extended for 10 years. 

• Scenario 13 (Extend Monticello) –Monticello is extended for 10 years. King, Sherco 
3 and Prairie Island are unchanged. 

• Scenario 14 (Extend Prairie Island) – Prairie Island is extended for 10 years. King, 
Sherco 3 and Monticello are unchanged. 

• Scenario 15 (Extend All Nuclear) –Both Monticello and Prairie Island are extended 
for 10 years. King and Sherco 3 are unchanged. 
 
Figure 1 shows the cumulative 2020-2034 capacity additions for each of the fifteen 
baseload scenarios presented in the Supplement Plan filed in June 2020. Scenario 9 was 
the preferred plan at the time. In the Reply Comments filed in June 2021, we updated 
the Reference scenario and Scenario 9, and presented our preferred Alternate Plan, 
which eliminates Sherco CC and reutilizes the interconnections at retired Sherco and 
King coal site with renewables and firm peaking/dispatchable capacity.  

 
Figure 1: EnCompass 2020-2034 Capacity Expansion Plans by 
Baseload Scenario in the Supplement Plan Filed in June 2020 
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�̀[��̀e��ce_b���ba\_̂ieb���c�b�kl������a\���c\b�bc_
�̀[���ef����ba\_̂ieb���c�b�kl������a\���c\b�bc_
�̀[���c����ba\_̂ieb���c�b�kl������a\���c\b�bc_

Northern States Power Company 
 

Case No. PU-23-____ 
Exhibit___(FLM-1), Schedule 3 

Page 4 of 30



���������	
� � ���
����������������������������� �!�"�#��$��	�%��&������	��%%'(�����%�)�*��'�%�

��������+�,�����&��-�%����%�'������$���$	��.��/����

���#��$��	�%��$%����0��-�������$��0�%�$���$�
��'(1����/��2�%��1'����%�3/��(������$����4��%�$���-������1��%��������$%��$����/��2������(�5$����������%%���62����%'����	�/����$%�7�1�/�����2������(�5������1'����%�$���$����7��%�%2�-��1���-����6$1���+�$%�8!����$%��9��2�'����.:����;��62��/����$%�%�%2�-�������������'����2���(�$����/��<�%��$�7�$%��<�%��$���%�(�������$%�$���%�'�������#��$��	�%�7�����$���$��(���/�������
Northern States Power Company 
 

Case No. PU-23-____ 
Exhibit___(FLM-1), Schedule 3 

Page 5 of 30



���������	
� � ���
����������������������������� �!�"�#��$��	�%��&������	��%%'(�����%�)�*��'�%�

��������+�,�����&��-�%����%�'������$���$	�����.����

/0123�45�6780739:;7�<3=0>?�0>?�@>389A�BC83D0;7���

��EF����-���$��%��%���G��
�����'��%�F�	F��'%��(���$��������H$%����I�����	��-�F�$���F�	F������%$G��	%J�-F��F����'��%���$����EF��F�	F���$��%��%���G��
�����'��%�F�	F��������.��$�������$����EF�%��$%%'(�����%�$���%F�-�����E$H���K�$���E$H����J�$���$��������(���$�������(���$������F��.����$%��%F�-�����E$H���+��
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�HIJKLMN�OLPQJR�LSJ�TUVMTVNJMW�WU�RXRWJK�YJLZ[��\]� D̂98�_ÈF9�DCE9F6AGA��a/���$�'�$��	$%������%�$�����b�������'%��	�$�3������.�($�
�����.��($�����1��-�c��
�&���$������� �/$�	��.'�'��%������%2�$������	����(�.'��$(���$��
�3$%���.����$%�%�.��(�d����&$�
��4��e�f$(3���	������	
���%�$��/��%%���$��%�1f���2�$����������'(�*��'%��
���%�$��/��%%���$��%�1�*��2���

ghij �kilh�mhniop�qhlrsolh�tsjhuilv kwopxh�y kwopxh�z kwopxh�{ kwopxh�ykwopxh�zkwopxh�{|}~� ��� } } } } } }|}~� �|� } } } } } }|}|} ��} |�} ~}� �� ~����} ����� ~~��~~|}|~ ��� |�} ~~| �� ~���|� ��~�} ~|����|}|| ��} �~| ~~� ~}� ~��|~| ����� ~��}~�|}|� ��� �|| ~|} ~~} ~��~|� ��~�� ~�����|}|� ~}}� ��� ~�| ~}~ ~���~| ~}�|�� ~���|�|}|� ~}|� ��} ~�� �| ||��}� ~~���� ~|����|}|� ~}�� ��| ~�~ �� |����� ~|�|}� ~���|�|}|� ~}�� �}� ~�� �� |����� ~��}�} ~�����|}|� ~}�� �|~ ~�� �� |��|�� ~��}�� ~���~�|}|� ~}�� ��� ~�� �� |����� ~��|�~ ~��}��|}�} ~}�� ��� ~�� ~}~ |����� ~���|| ~�����|}�~ ~}�| ��� |}~ ~}� �~���~ ~���|� ~�����|}�| ~}|~ ��� |~� ~}� ����~| ~����~ ~��|�~|}�� ~}~} �~� ||� ~}� �����| |~�~}� ~��}��|}�� ~}}} ��| |�| ~~| ���||� ||��~~ ~�����|}�� ��} ��� |�� ~~� �}��}| |����} ~�����|}�� ��~ ��� |�� ~~� �����| |����� |}���~|}�� ��| ��} |�� ~|� �����} |���~� ||�}�||}�� ��� ��} �~| ~|� ����~� �~��|� |��|��|}�� ��� ��| ��| ~�� ����}� ������ |���|||}�} ��� �|� ��� ~�� ���}�� ������ |�����|}�~ ��� �|� ��� ~�� ���|~� ���|�� |���}||}�| �|� �|� ��� ~�� ������ ���}�� |����}|}�� �|~ �|� ��� ~�� �}���� ������ |�����|}�� �~� �|� ��� ~�� �~���� �}���| |��}~�|}�� �}� �|� ��� ~�� ���}~� �~���� |�����|}�� ��� �|� ��� ~�� ���|�� �|�|�� |��~�}|}�� ��~ �|� ��� ~�� ������ ���~~� |�����|}�� ��� �|� ��� ~�� �����} �����~ �}��|�|}�� ��� �|� ��� ~�� ���|}� �����} �}����|}�} ��� �|� ��� ~�� �����| ������ �~���||}�~ ��| �|� ��� ~�� �}���� ������ �|�~��|}�| ��� �|� ��� ~�� �|���| ����}� �|��|�|}�� ��� �|� ��� ~�� �����} ������ ������|}�� ��� �|� ��� ~�� ����}� �����} ���~��|}�� ��| �|� ��� ~�� ����~� �}��|} ������|}�� �|� �|� ��� ~�� ������ �~���~ ������|}�� �~� �|� ��� ~�� ����~� �|���~ ���|��

�slvl�������mhniop�������p�wlvhp�tsj�qhlhj�h��ij��o

Northern States Power Company 
 

Case No. PU-23-____ 
Exhibit___(FLM-1), Schedule 3 

Page 11 of 30



���������	
� � ���
����������������������������� �!�"�#��$��	�%��&������	��%%'(�����%�)�*��'�%�

��������+�,�����&��-�%����%�'������$���$	������.����

�/�$��������.����$%�%�$�����0�������'%��	��-��($1������'�%"��2���'�����������$���0��'(�%�$��������%���(3�����-��2��'�������%��($��%��.���4'�����%����0��'(�%�$��������%������0������������$�������$������%���5
���$��
���$��0��'(�%�$��������%�$���'����������$������$���$���3
���$���3$%�%�.���$��������.�0��
�$�����(�-��2�$��'$��%����0��'(�%�.�����	��2���%��($����.'�����4'���(���%��.��2����$����$���3$%�������������'������%�$��2��52��%������$��������.����$%�%�$�����0�������.��(�������.����$%�%����0�����3
�6����&$�
��7��8�9������	
8�$���9�2��5�:�
��/�(�$�
8�$%�-����$%������������%�.��(����������4'�%��.��������%$��;�!�<���%���%�%�.�����$��%'���
�������������2��%������$��.����$%�8�-2��2��%�1'%��.����2����$����((����
8�$��"���$�%����$������2$�	�%8�#=����%�%8�.���7����������$����'%��%'����%%$��8�$%���4'��������*��$�������������%�'���%��2$��� �%��-��2����2���#��#
%��(8��2��/�(�$�
��%�$��$������$�������2��&*#=�&$�
����������������-���($�
��������%�$�����0�������.��(�.'��$(���$��
�3$%���.����$%�%�.��(�6����&$�
��7��8�/����$����*���'%��	�$�%�(��$��(��2�����	
�$%��%�'%���.����2��	$%�������.����$%����5$3�����3���-�%2�-%��2��($�
��������%�'�����7����/=����%��$%%'(�����%���52��($�
����'��2$%�%�$���%$��%���(���.�����$�%$������0��'(��3��-�����2��/�(�$�
�$���&*#=��%��8�>��&62�2��������8��8����&62�2�.��(����������8�$����8����&62�2�.��������$���3�
������?�	2�$�����-�������%��%���0����%�-�������.��(���3
�$�1'%���	��2��	��-�2��$���'��$�����-��3
�>����������.��(��2��3$%��.����$%��%�$����	����
�$���������� �

Northern States Power Company 
 

Case No. PU-23-____ 
Exhibit___(FLM-1), Schedule 3 

Page 12 of 30



���������	
� � ���
����������������������������� �!�"�#��$��	�%��&������	��%%'(�����%�)�*��'�%�

��������+�,�����&��-�%����%�'������$���$	������.����

/0123�45�6732�089�:0;<3=�>;?@3�6A;3@0B=B��

��� �
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Northern States Power Company 
 
 
 

PUBLIC DOCUMENT 
TRADE SECRET DATA EXCISED 

 
 

Case No. PU-23-____ 
Exhibit___(FLM-1), Schedule 4 

Page 12 of 176 
 



���������	
� � ���
����������������������� � ������������ �!"##�����������$�%�&��'$�$�"��!
%�������(%��

)"�����*������ � ��������+�,##���'$(-�%����%�"���������!"##�������� � ��	������.��/��

0��*/+��'1��.��"������0�+*/+��'1��.����"����	�%�����$��.$��(���#��$�
�2�0��*+���'1��.��������#��$�
���1����������������3�%��$�����%�"���%�$���"(�(�$���"��!"##���������(��$�	���4������%"3%����$���
�����	�(�%$�����"��$�$�$���.$�$�	*�-$�����.�-��5��#�$��%��"��$��(�3���- �0�67897:;�<8=>?@�A=8:=> �&���"��$�$�$���.$�$�	*�����B��#��
C%�#��#�%��������D"$���'�B�,�$�%�&���(�&&��%��!���%%��%�-�%�#��($�	�B���$%%$������$�����(�����"�$�%�-����$���"(�(�$���"����(��$�	��%��-��(��%%��%��,��$�����
�����B���$%%$���(��$�(�������D"�%������-��'�B��%�����	"����(��%%�����(�$�%���(�����B��#��
�#"����%�(�'�B��%������������.��$�$�
��E���B��#��
���%�%$����������(�����	��������-$���!�"��-�%��F������$������%��������#����G���-�4��*�$��-$�������$�"�����%��4���!���"%�����%�"�(�������#��4�$�$�	�#�-���#"����%���	�������%�H���%I������%�%"��*������"����������������5#$���$���(���%��.������.���'�B�&���(����/�.���'�B�&&�������-���.�����(�$���"��3�%��$�����(��$�	��0�A>;J8=K�LMK?=�NM8K �O"��$�$�$���.$�$�	�$���"(�(�������'1�B��-��(��$(	��1$�(�.��$�$�
������-�%�%���("��(������������$���3
��������E���#��P������%�%$����3������("��(����+���'1��%�����%"����.�����!����������"����$�	�#���$3$�$4��
��$	������%�$%%$���$�����������$���"#	��(����%�%��%%��$���(�-$���������%��#��%���.�����#��P�����/��0�L=:M>=Q=8:�K7:=�7KRST:Q=8:T �1������$4�(�.��(3��
�.��������B���$%%$��������	������$�	�"�$�����$�������(���%�$���"����(��$�	�U�#���$�"����
�.���!������,�$����U�%��"�(�����������"�$�%C��"������.$����$�����(��.��$.��(���%��1����4��"#(���(�%�4�������%�"���%C����$�������(���%�3�%�(������$%�.��(3��
��0�VW7X9�T:7>:�>=T;S>X=T ��%�-������(�$���"��)"�
������.$�$�	*�-�����$�$#���������-��-$������(����(�4���#���#����.����"��3���
�%�������%�"���%�3�.�����"����5����%�"����������E��%��"�$�%�������$�$����.���"%����3���3������P"�#%���������	�$(�Y.����3���
Z�$�������4�����.���-$(�%#���(��"��	���E-��3���
�%�������$�$����"�$�%�$��'$���%������(�1$%���%$������%���("��(�������$���-$��$������#����$�	�#��$�(*�3"��$������$�
*�-����������#��������%
%����-$���"��4$�3���3���
�%�����"�$�%��1�$���-������$�"�����(�4���#�����3"%����������$4�%�����
%$%�-��$���"(�(�$����$��#�������(�����#��$�
�$���"����(��$�	*�%�������-����
��4��"��������#��$�
���������������������������������������������2�����$���"($�	�����#�����(�!������BB�����[==����
�������������&��������\�EE���U�'��]�EO�����F̂ �B��E���&�����&&��__&\&�E���&�E���!E���̀ ,�!E�H�#�$���*�����I�����/�[==����
������������'����///��

abcdef�ghfbijkl�m��khl�abcdef�gnln�onp�cjjk�jqfepjg
Northern States Power Company 
 
 
 

PUBLIC DOCUMENT 
TRADE SECRET DATA EXCISED 

 
 

Case No. PU-23-____ 
Exhibit___(FLM-1), Schedule 4 

Page 13 of 176 
 



���������	
� � ���
����������������������� � ������������ �!"##�����������$�%�&��'$�$�"��!
%�������(%��

)"�����*������ � ��������+�,##���'$(-�%����%�"���������!"##�������� � ��	���+��.��/��

�0#��%$���#���.��$�������$���"(�%����%$(����$����.���$%�."�"������(���1��($%�"%%�2���
�%�������%�"���%�."������$��������������*�!���$���3&& �4���
�!��������1��#��5$(����."����$%�$�	��.��0$%�$�	���%�"���%�$���"(�(�$���"����(��$�	�$��������������*�!���$���3 ���%�"����6#�$��%��������1��."���������������������2�5�������%�$���"(��%��������-�2�����%�"���%������������$	��(�����"%������(����(�#���$�$#��$�	�$���"��1$�(%�"������(��78�#��	���%�����1���"��$������%����%�"���%�$��9�2���&�����%�(�%��$2�(�2���-*������������-���(($�$�������%�"���%������-��������
����##��5�(�2
������$���-�����
�(�$��������%�"�����$%��.�����(��$�	�:�%��.�)��"��
���;*���(���"%���������$���"(�(�$���"��2�%��$�����(��$�	�.�����$%�!"##�����������6����.����%��#��<���%���%�%$����2�����##��5�(���(���������������$�%�#��($�	�2�.��������8���$%%$�����������$����.���$%�.$�$�	���� =>?@A�BCDE�FGHIJKLMNA�>HI�OAHAP>?@AQRKHHANS�TMKUM>V�OAJKLMNAJ�W>VA� =XYA� ZG[A�:'1����������(;� TMKUM>V�\]̂_̀abcb�]̂�debc̀]̂fg3��$�"%�!�����1$�(� 1$�(� �##��0$�����
�+��1$�(%�"����'���$���&&� 1$�(� h�� 1$�(%�"����6(����� 1$�(� �������������h��:#���$����"�#"�;� ����-�2��78�������������!���� !����� ��������������h�:#���$����"�#"�;� ����-�2��78�������� �\ijjkelcb�imnck�oîaikp�qr�îb�̂en�]̂_̀abcb�]̂�debc̀]̂fg���"���s��5�%�������� 1$�(� ���� ����-�2��78�������� �\jkejetcb�uan�̂en�pcn�ijjkelcbg���
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Northern States Power Company 
 
 
 

PUBLIC DOCUMENT 
TRADE SECRET DATA EXCISED 

 
 

Case No. PU-23-____ 
Exhibit___(FLM-1), Schedule 4 

Page 17 of 176 
 



���������	
� � ���
����������������������� � ������������ �!"##�����������$�%�&��'$�$�"��!
%�������(%��

)"�����*������ � ��������+�,##���'$(-�%����%�"���������!"##�������� � ��	������.��/��

012345�6789�:5;545<=5�>?@5�A<542B�C1D�1<�EFEF�?<G�EFHIJ�;4KL�MN4?N521@N�
��012345�67O9�:5;545<=5�>?@5�A<542B�C1D�1<�EFEF�?<G�EFHIJ�;4KL�A<>KLP?@@�
��

:5;545<=5�>?@5�Q5<54?N1K<�C1DR#��������.�ST�*�!�����	$%������
%$%U
EFV E8V HEV���+ EWV���� WOV XFVYVIV

Z��� ����-�[���"�����S�%
Z��[���.����\����#������Z��[���.����\�/��#������:5;545<=5�>?@5�Q5<54?N1K<�C1DR#��������.�ST�*���Z��#�%%����
%$%UW]V XV EYV���� HFVE]V E8V YIVIV���+

Z���S�% �"���������-�[��
>?4̂K<7;455�_�]Y�P54=5<N>?4̂K<7;455�_�XW�P54=5<N
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«¬­®̄°�±²°¬³ µ́¶�·��µ²¶�«¬­®̄°�±̧ ¶̧ �¹ º̧�­́ µ́�́»°̄º́±
Northern States Power Company 
 
 
 

PUBLIC DOCUMENT 
TRADE SECRET DATA EXCISED 

 
 

Case No. PU-23-____ 
Exhibit___(FLM-1), Schedule 4 

Page 57 of 176 
 



���������	
� � ���
����������������������� � ������������ �!"##�����������$�%�&'��(�)��$�	��%%"�#�$��%�*�&�#"�%��

+"�����,������ � ��������-�.##���($)/�%����%�"���������!"##�������� � ��	��0���1��2��

34� 56789:�;6<=>9<6�?>@6A8<B��C���D�%��)����)���%#��%��1�����%��/�%�)�E���#�)�D
�����F��#��
���)�$%�$���")�)�$������%�����$�%���)�%��%$�$E$�$�%��C���������)����)���%#��%��GH"�)��%I�����1��������H�������������$���!�")
�#��E$)�)��%��##��)$J�K����C���H"�)��%�����$������������������D�%��)����)���%#��%��1�����%���&������$�$�$���1$�$�	,��������������H"�)��%�/�����#�$�$L�)��%����E$�/���������$E�%��M�����$%�!"##������,�����1$�%�����H"�)���$%�$���")�)�$������%�����$�%���� N8OP6�QRSTU�56789:�;6<=>9<6�?>@6A8<B��
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IJKLMJNJLOP�QRKS TJNUVLK�WVX� YONN�WVX�ZN[\JK] YONN�WVX�Ẑ [̂\JK]� MJNJLOP�QRKS TJNUVLK�WVX� YONN�WVX�ZN[\JK] YONN�WVX�Ẑ [̂\JK]� MJNJLOP�QRKS TJNUVLK�WVX� YONN�WVX�ZN[\JK] YONN�WVX�Ẑ [̂\JK]�_̀ab c_dae c_dfg c_bdh̀ c_adha c_dae c_dfg c_bdh̀ c_adha c_dae c_dfg c_bdh̀ c_adha_̀ae c_d̀b c_dh̀ c_hdei c_̀deb c_d̀b c_dh̀ c_hdei c_̀deb c_d̀b c_dh̀ c_hdei c_̀deb_̀_̀ c_daa c_d_h c_jdfb c_̀dai c_daa c_d_h c_jdfb c_̀dai c_daa c_d_h c_jdfb c_̀dai_̀_a c_dag c_d_i c_jdi_ caed̀h c_dag c_d_i c_jdi_ caed̀h c_dag c_d_i c_jdi_ caed̀h_̀__ c_dae c_dii c_hde_ c_̀dgj c_daf c_d_b c_hdii c_̀d̀̀ c_d_g c_dib c_fdj_ c_̀dè_̀_i c_d_j c_dgj c_edia c__dae c_dae c_dig c_fdeh c_adaf c_dih c_djf cìdhb c_id_i_̀_g c_dì c_djb cìd̀̀ c_id_̀ c_d__ c_dg̀ c_fdeg c_adh̀ c_dgh c_dfh ci_dah c_gdbf_̀_j c_dij c_dfe ciadgf c_gdih c_d_g c_dj̀ c_bdaf c_adb̀ c_djf cidaa cijd̀g c_fda__̀_h c_dg̀ c_deb ci_dì c_gdee c_d_f c_djb c_bd̀a c_adhf c_dhe cidg_ cifd̀e c_bdf̀_̀_f c_dgj cida_ ciidij c_hdfa c_d_e c_dhg c_bd_b c__dhg c_dba cidhh ciedah ciadih_̀_b c_dja cid_h cigd̀e c_hdef c_di_ c_dfa c_bd_j c__dij c_dei cide_ cg̀de_ ci_dib_̀_e c_djf cidgg cijd_a c_bd_j c_dig c_dfb c_bdg_ c__dfe cid̀f cgd_g cgidib cigdb̀_̀ì c_dh_ cidf̀ cibd_f cìdhe c_dif c_dbb c_edbi c_ide_ cid_̀ cgdfa cgbdfh cied̀e_̀ia c_dhb cidbf ciedii ci_d̀f c_dg̀ c_dej c_edef c_gdgg cidij cjd̀g cjad__ cgadff_̀i_ c_dfj cgd̀_ ciedfj ciidag c_dgi cid̀a c_edfa c_gdff cidja cjdig cj_dfh cgidee_̀ii c_dba cgdà ciedei ciidgh c_dgj cid̀i c_edjb c_gdfe cidhf cjdgb cjidgf cggdb̀_̀ig c_dbf cgd_̀ cgadai cigdjh c_dgb cid̀f cìd̀b c_jd_b cidbi cjdf̀ cjjdfh cghdbh_̀ij c_deg cgdij cg_daj cijdhh c_dja cidai cìdi_ c_jdhj cgd̀̀ chd̀̀ cjbda_ cgedaf_̀ih c_dee cgdgf cg_dfe cihdh̀ c_dji cidaf cìdif c_jdef cgdag chd_g cjedb̀ cjadai_̀if cid̀f cgdhj cggd̀̀ cibd_a c_djh cid_g cìdha c_hdjb cgdih chdhi ch_dhe cjgdgg_̀ib cidag cgdbh cggdej ciedgj c_dh̀ cidia cìdh̀ c_hdbj cgdjb cfd̀b chjdgi cjfdg__̀ie cid_i cjd̀g cgjdb_ cg̀dgb c_dhi cidif cìdhi c_fd̀h cgdbi cfdgf chfdbb cjedeb_̀g̀ cidia cjd__ cghdha cgadgb c_dhh cidgi cìdha c_fd_j cjd̀h cfdbf cf̀d_j ch_dji_̀ga cidif cjdi_ cghdj_ cgadgb c_dhe cidgh cìd_f c_hdee cjd_h cbdà cf̀dfe chida__̀g_ cidgj cjdgf cgfdha cg_dhg c_df_ cidja cìdjf c_fdib cjdja cbdgi cfidg̀ chjdfg_̀gi cidji cjdh_ cgbdif cgidfa c_dfj cidjh cìdhg c_fdhe cjdff cbdfb cfjdjh chbd_b_̀gg cidh_ cjdfb cgedf_ cggdee c_dfe cidha ciad̀g c_bd̀e chd̀j cedaf cfbdfe cfad_e_̀gj cidf̀ cjdee cjad_i cghdif c_db_ cidhb ciadgj c_bdgh chdia cedhj cb_djf cfgdfi_̀gh cidfb chdaf cj_dge cgfdji c_dbj cidfi ciadfg c_bdfg chdje càd̀e cbjdbj cffdfi_̀gf cidbh chd_e cjid_f cgbdjf c_dbb cidff ciadbe c_ed̀b chdbb càdg̀ cbfdeb cb̀d___̀gb cidej chdgh cjgdie cgedbb c_dea cidb_ ci_daj c_edge cfd_̀ càdb̀ cèdeh cbidg__̀ge cgd̀g chdhh cjjdhe cj̀de_ c_dej cidbb ci_dgi c_edhj cfdji caadì cegdj_ cbhdgi_̀j̀ cgdai chdff cjhdhg cjadfa c_deb cidea ci_df̀ c_edbj cfdbf caadh̀ cehdef cbbdji_̀ja cgd__ chdeh cjbd_i cjidah cid̀a cideh ciidah cìd_f cbd_a ca_d̀b càad̀j ce_d_g_̀j_ cgdia cfdai cjedh_ cjgdg_ cid̀g cgd̀a ciidjh cìdhi cbdjf ca_dja càgdhg cejdji_̀ji cgdga cfd_e chad̀̀ cjjdhb cid̀b cgd̀h ciideg cìdee cbdeg ca_dej càbd_e cebdbj_̀jg cgdj̀ cfdgh ch_dib cjhdej cidaa cgdà cigdii ciadig cedii caidie caaadef cà_d_a_̀jj cgdh̀ cfdh_ chidfh cjbd_a cidag cgdaj cigdfa ciadhe cedfi caidbi caajdhe càjdha_̀jh cgdhe cfdfe chjdaj cjedgf cidaf cgdae cijd̀e ci_d̀i càda_ cagd_b caaedgj càed̀j_̀jf cgdfe cfdej chhdji ch̀dfi cid_a cgd_g cijdgh ci_dif càdj_ cagdfg ca_id_h caa_dj_klmno�pqrstu�nqt�vtorwtqtv�pqrstux�yzrot�{nu�n|v�}nq~t��pqrstu�nqt�z���pqrstu�
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YZ[\]̂�_̀ Ẑabcd�e��c̀ d�YZ[\]̂�_fdf�gfh�[bbc�bî ]hb_
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Northern States Power Company 
 
 
 

PUBLIC DOCUMENT 
TRADE SECRET DATA EXCISED 

 
 

Case No. PU-23-____ 
Exhibit___(FLM-1), Schedule 4 

Page 92 of 176 
 



���������	
� � ���
����������������������� � ������������ �!"##�����������$�%�&'����%�"��������$("��%��

)"�����*������ � ��������+�,##���-$./�%����%�"���������!"##�������� � ��	������0��1��

���.$�$�����!�����	$%����.��$�	�2�/�$������$�%�������.�."���$����"�3�%�����3��"����/���������#���0��$��/$���(����#��$�
���.�����	
�%"00$�$����$����	$3���
����2���������.�4"����
���#�"�����$%�$�����%$�	�3��$�($�$�
*���.���"%�/$���������	���(��%"00$�$���������%"����"����%�"����#���%�/$���������"%���������.%�$���3��
���"���0��3��
�.�
����%�%"��*�/����3���..�.�������5��#�%%���"��
�#��."��$�����%����.��$�	���#�($�$�$�%�����"��%"$����0�#���0��$���3��"��$�������%�0�����$%�!"##���������.�/$������
�#�$���$�
������5��#�%%�0����"����%�"�����������.��$�	�	�$�	�0��/��.������."��$�����%����.��$�	�����%�%"����%���5��#�%%�$���".��0���"��%�%"����%���"��
���������	$����.$%#���������
%$%*�/�$������#�"%��3��"����#�����$�������	
��.�4"��
���.�0��6$($�$�
�%����0���%�������$����.�
�(�%$%*�����%%���0"�������
%$%�
������'��#��3$.�%����������	���"��������
%$%�����%%��
����"���3���#�����$������$�($�$�
��������	�%��%%��$���.�/$�������%$�$��$�	��"��%
%�������$���".�*���.����
���*������3��$�(�����%�"���%�����%��������$��$�	���������	������$������$��%�0�����"��	�$.���.�$%���#����.�/$���3��$�(�������/�(�����.�0�%����%#��%��2�("��"%���$�$��.���%�"���%�2���������%���.����%"��%�/��"%��������."������	��������%�"����#����$�	�/$�������$�"������3��3���'��0���*�����������$�"�����(����/��##������%�.�3���#�.����3��"�����%������$("��%�$��#����$�	�#����%%�%���7���5��#��
�/$�������$�"������3��"��������(�%��/�
%����$����#��������%�"��������$("��%�$����$�%�#����$�	�#����%%�%�$������0"�"��*��%�/����3$	������������%$�$���������$�3������#�������8�������(���	������$���(
���9����:;� <=>?@AB=�:CCADE@C=>F�GHC=A>=BCD?H�IDCJ�<=>?@AB=�KLM=>���%�.$%�"%%�.��(�3�*��"����%�"����#����$�	�#����%%�#�$���$�
��3��"���%�����%$8�*��
#�*���.��$�$�	��0���%�"�����..$�$��%�/�����.����%��3���"%�����%����$�(�
�$������0"�"����N"��(�%��$�����%�"���%�2����%�������.
�����"��%
%����2�������.���.�"%$�	�
��/���#����$�	����������$%�$�%���O���0"�"�����%�"�����..$�$��%*�/����.���$�.$3$."���	����$����%�"�����#�$��%�������"����#��$�
��6#��%$�����.�������%������2�/�������/$�.*�%����*����"����	�%����("%�$����"�($��%*�(�����
�%����	�*���������%�2�$����.�������##��#�$����
���#�"���.$00��������������	
���%�%���.��#����$�	����������$%�$�%��0��������%�"��������P$%���$����
*�����	�$.����%$%��.�#�$���$�
��0����.$�$���������������.��
.��#�/���%�"���%*���.���������$("��%��0����%����%�"���%���"�.�(�������$3��
���%$�
�������.����	�$.����.%���5������.��"��������%�"���%�#��3$.�.���	�$.���%$�$�����Q(��
(���R�����$("��(���������$�����	�������$�	�	��������%���������#���$���$��$�#�������$����$�*�%��($�$�
*���.�%����	���0�������	�$.���7�������6���������	�$.����.�.�0��6$($�$�
�0�������	$�	����.%*�%���������"�$�%���.����"����	�%���.�0"����$��#��
$�	�#����%���"�.����#�"#����.�/������������������.���7��%����%�"���%�������3��%��"���0"���%"##�$�%*��$���������"	��0$�������	
���������%*����%$���%����	�*�������������	�."���$�����0"��$�	�#����$�	�����
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Northern States Power Company 
 
 
 

PUBLIC DOCUMENT 
TRADE SECRET DATA EXCISED 

 
 

Case No. PU-23-____ 
Exhibit___(FLM-1), Schedule 4 

Page 136 of 176 
 



���������	
� � ���
����������������������� � ������������ �!"##�����������$�%����&�'��$�	�!�����$��!��%$�$($�
�����
%$%�)��*���+��*!,�!"����
��

-"�����.������ � ��������/�0##���&$'1�%����%�"���������!"##�������� � ��	����2��3��2��
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��F#��%$���!�����$�%���%��(����� GHIJK�LMNOP��QRKSTU�HRV�WHXHYZ[U�\VK]̂HYU�_K[SZỲ�abS�GK̀[KV�QcXHR̀ZbR�dJHR�eYKRHSZb̀�� fH[ZgK�WHXHYZ[U�ehbS[aHJJ�_K[SZỲ� iJKcZIJK�jK̀b̂SYK�\VK]̂HYU�_K[SZY� _HcZk̂ k�MkXbS[�_K[SZY� MRV̂ [̀SU�_K[SZỲ�QcXHR̀ZbR�dJHR��lGK̀[�mH[H̀K[�ZR�dHSKR[hK̀K̀n� o�ba�fH[ZgK�WHXHYZ[U�ehbS[aHJJ�QgKR[̀� \gKSHTK�m̂ SH[ZbR�ba�ehbS[aHJJ�QgKR[̀�lhb̂S̀n� \gKSHTK�MR[KR̀Z[U�ba�WHXHYZ[U�ehbS[aHJJ�l_pn� qbRTK̀[�ehbS[aHJJ�QgKR[�lhb̂S̀n� dKHr�WHXHYZ[U�ehbS[aHJJ�m̂ SZRT�Ostu�l_pn� _HcZk̂ k�t�v�wb̂S�xXyHSV�jHkX�l_pn� o�ba�wb̂S̀�yZ[h�wZTh�MkXbS[̀� qzqw�lwb̂S̀n�qzqQ�lmHÙn� QxQ�l_pwn�{�%��$���*�!�����$������!"##����������'����(����������������|��'�"��}� �� �� �� �� �� .-3���|~�+�"��
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Northern States Power Company 
 
 
 

PUBLIC DOCUMENT 
TRADE SECRET DATA EXCISED 

 
 

Case No. PU-23-____ 
Exhibit___(FLM-1), Schedule 4 

Page 163 of 176 
 



���������	
� � ���
����������������������� � ������������ �!"##�����������$�%��&��!"##����������'����(������!��%$�$)$�$�%�*����$�+$�$�
�����
%�%��

,"�����-������ � ��������.�/##���0$(1�%����%�"���������!"##�������� � ��	����.��'��2��

3454647849�:45;7;<;=7>�=5�?4@�A46B>�C7D�E4<6;8>��FC<;G4�HCIC8;<@�JK=6<5CLL�M�N������"����'��!��!
%�������(������$%��+�)����(�+�
��(������)�$��+�����#��$�
�'�����1��(���(����������(���%�"���%�'�����	$)�����"� �OPQR�S�TUQVWQXWY�ZQ[Q\V]̂��_G46C̀4�:a6C<;=7�=5�JK=6<5CLL�bG47<>�M��)���	���"�+����'���"�%�#������$)��c�#��$�
�!����'�����)�����_G46C̀4�d7<47>;<@�=5�HCIC8;<@�JK=6<5CLL�M�N���#��
����"����'���#��$�
����(�(�("�$�	�������)���-�����)���	�-�����)�$(������$)����#��$�
�%����'������beb�M��f#����(�/�%��)�(�����	
�g0h�i�$%����������"����'�����	
��������"�(�����+��%��)�(���j=7̀4><�JK=6<5CLL�bG47<�M�N������	��-�$����"�%-��'��������	�%���)����1����������$)����#��$�
�%����'�������"���(���jkjb�M�l�%%��'�l��(��f#�����$���$%������"�+����'�(�
%�������f#��$����(�����%%��'����(��)����glmln�o��i���jkjp�M�l�%%��'�l��(�n�"�%�$%������"�+����'���"�%�$��1�$������(��f���(%��)�$��+���	������$�����(�$�#������#�+$�$�
���ECq;BaB�rsp=a6�eItC6D�3CBI�M�N�����f$�"��"#1��(�����	��$���������(��)���������$�"�"%���������"��#��$�(���F4<�j=CD�M�l��(��$�"%�	������$���'����)��$�+�������1�+�����%�"���%�g1$�(���(�%������ui��v�=5�p=a6>�t;<K�p;̀K�dBI=6<>�M�N����"�+��%��'���"�%�$�������%�����$��1������������"����'����
���#"����%�%���w"$��(����%��)���"%���������(�1�%��������)����x�#��������'�����%
%������f$�"��$�#�����$�$���'��-����0h�����y4Cz�HCIC8;<@�JK=6<5CLL�Da6;7̀�{|r}�M�N�����f$�"�����$)����#��$�
�%����'���-�$��0h-�#��������%�����$����%��(���

~����������������������~���������������������������
Northern States Power Company 
 
 
 

PUBLIC DOCUMENT 
TRADE SECRET DATA EXCISED 

 
 

Case No. PU-23-____ 
Exhibit___(FLM-1), Schedule 4 

Page 164 of 176 
 



���������	
� � ���
����������������������� � ������������ �!"##�����������$�%��&&��'"%�����������(�)$���&�#���%��

*"�����+������ � ��������,�-##���.$/0�%����%�"���������!"##�������� � ��	����1��2��3��

4556�789:;<=>�>?:=�@�A5BB�5<C?7:9��.$�������3�,���1��+�%"D#���+���E"$��%�����'���$%%$�������F��"������%�"����#���%���+�����	���������$�	%+����$���D$�$�
����G
��#������"%�����%H�D$��%���/�����"�$�$�
H%�����%��%���0��%�#����$��D��+�	$F�����	"�����
���/����������%���$��%�I��J"��*"�
������$�$�$���2$�$�	�$���"/�/����"%��������%������
%$%������%��0�/��"�����2����/���������$�F�/��"�����D���	���%���/����$�D$�$�
��DK���$F�%�0�$�����$���$�$�	��22��/�D$�$�
���L�$����"�������/���	
���/��##�������������"���$�	��"%��������%��$�#���%���%�����$��/����	��
�����%����$����$%�!"##������+�����������%�F�����2"�/������������	�%������/��$�	�$�#"�%���/��##������%���������/�"%�������"#/���/�F$�0��2��"��!"##����������2����/�����H%��"%��������%��$�#���%��!#��$2$����
+�0��������0�"%$�	���'��#�%%���/����"�#"�%+�������������������	��
�!�����	$%����/��H%��"�#"�%+�2����"������
%�%���/�0����F����2��%��/����
��2��"����/��$�	�$�#"�%���/��%%"�#�$��%����$����#��������������%���F�$��D���/�����M��%������	�%+���/�������%"��$�	�/$22������%�$����#��$�
��//$�$��%���/�%
%����/$%#����+���%"���$������	�%�$���"���F�������%%"��/���F��"����E"$������%���/�%���%���J"����2��%��/��"%��������%��$�#��������
%$%�2$�/%�������"��!"##����������2����/����������$�"�%����
��#��F���	����%$/���$����"%������D$��%�0����D���0��������$������F���	�����//$�$�����
+��"��#��K����/��F���	��D$�����/������	��0�������$�%�D���0�$�2���$�����/�$%������
���2"���#�������	��#�$���D���0����$������F���	�%�2���D$�����/������	��0�����M����%�$/+�0��/����������������!"##����������2����/������#��K���%�%�$	���
��$	��������%+�0�������#���/�����"��$�$�$���2$�$�	���/����$������F���	��������%�$����%+���/�0��/$%�"%%�
�
�/�$F��%��2����%��/$22������%�D���0���L������F$�0�/��%���0����+���0�F��+�0��D��$�F�����%������$�%�%��0�������"��!"##����������2����/��������$���$�%��22��/�D$�$�
�0�$������$�F$�	�%"D%����$������D�����/"��$���D���2$�%������$F������"��!"##���������2�������'�%�+���/������$��
��#%��"%������D$��%���/��"������%��%���0��%�#����$��D�������?6� >NOPQNRSPTU�APUU�?RTUVOPO������	
��22$�$���
�W��X�$%�����%���22���$F��#�����2��"��2"�"���#���%������%
%����0$/��D�%$%Y���/�$�������$D"��%����
��#$�	��F���	���"%������D$��%���0���Z�0�F��+��%�/$%�"%%�/�2"������D���0+��"��#���%����$�����%��������$�F�����%��F���������[��%�F�����
���%�$%�����
�
�/�$F����2�"#0��/�#��%%"�������"��������$�$�
�����%����%�����%"��+�0��D��$�F��$��$%�$�#����������D�	$���[��$�$�	��"��!"##����������2����/�����H%��"%��������%��$�#���%�D
���F$�0$�	������22���%��������F���	����%$/���$���D$������%�%��0��$������\$	"���D���0+��!��!
%������%$/���$����"%�����%�]�����F���	��]�#�
�%"D%����$���
���%%�#���������������������$������F���	����&����������
�
���%��2�����2�����%�+���$%�/$22�������$%�����$D"��D��������0���������F���	��������$�$�
����%"�#�$��+�/�$F���#���$���
�D
��"�����$�$#���/�������$�F�����%�WD���"%��0��������	
�%���%�������/"��/+�����%������F���

_̂̀ abc�dec_fghi�j��hei�̂_̀ abc�dkik�lkm�̀ggh�gncbmgd
Northern States Power Company 
 
 
 

PUBLIC DOCUMENT 
TRADE SECRET DATA EXCISED 

 
 

Case No. PU-23-____ 
Exhibit___(FLM-1), Schedule 4 

Page 165 of 176 
 



���������	
� � ���
����������������������� � ������������ �!"##�����������$�%��&&��'"%�����������(�)$���&�#���%��

*"�����+������ � ��������,�-##���.$/0�%����%�"���������!"##�������� � ��	�������1��2��

�1�1$3�/���%�%�����%#���/��4���1�0���
$��0������"�%�5
6�77���6����%���3#�����"���4���	��8$�����4��%�0$���	��0������%��0�
�������������$������4���	�+�8
��##��3$�����
���1"���#�������	��#�$���#���
�������9:;<=>�?@@ABC�DEFG>HI:J>�D<KKL>H>MG�N=>O>==>J�NLPM�QR>=P;>�S>F:J>MG:PL�T:LLF��
��U����%�$/+�0����
��0��/	�����������������8��0$/��4��$��$���$���"%�����%V���%���1�����%%�������%"��%������0$������#�1��������11���%��1������$�����%�%�	�$�	�1��0��/���6�����������+�$���"�����$�1���/�����4��
������1$��/�0$�������'���$%%$���$����%#��%���������'WX&�����#��/��$��5$�����
��������+Y����'&����,��7+�0������#��#�%$�	�%�4�����$�4�%�����%����8��������������0�$�������"%�����%�0$������8���1$�%��Z��T[� SPG>�@HKP\GF�PMJ�]>E�̂=:R>=F���&���//$�$��������4$�0$�	��4���	����%$/���$���8$���$�#���%+�0��8��$�4��$��$%�$�#�������������%$/�������$�#���%��1�����!"##����������1����/����������"������%���&����$%�!���$��+�0��/$%�"%%�����!"##����������1����/�����V%�1�����%��/���%��$�#���%������$4���������"#/���/���1�������'�%�+��%�0�����%�����	�%������$4������"��$�$�$���*"�
������1$�$�	��W4�����+��"��!"##����������1����/��������%"��%�$��%�$	���
��$	��������%��%����#���/������������������������������������������������Z�_̀̀����
��������+Y����'&����,����'WX&�������a&�b�������'WX��c����W�U�5*"����2+�����7�����2�����

D<KKL>H>MG�N=>O>==>J�NLPM�QR>=P;>�S>F:J>MG:PL�T:LLF5�4���	�����$����/�����%�#��������7�Z�
�Z�
���
���

���� ���� ���� ���� ���, ���Z ���� ���2 ���� ���� ���� ���� ���� ���� ���, ���Z ���� ���2 ���� ���� ��,�

���1����/������&�����$�����4���	�dedeAdefe�QR>=P;>�QMM<PL�g=hIGi�SPG>F�jK>=\>MGkl�&�����$������4���	� ��,�#������l�!��!"##����������1����/����� ��,�#������

mnopqr�strnuvwx�y��wtx�mnopqr�szxz�{z|�ovvw�v}rq|vs
Northern States Power Company 
 
 
 

PUBLIC DOCUMENT 
TRADE SECRET DATA EXCISED 

 
 

Case No. PU-23-____ 
Exhibit___(FLM-1), Schedule 4 

Page 166 of 176 
 



���������	
� � ���
����������������������� � ������������ �!"##�����������$�%��&&��'"%�����������(�)$���&�#���%��

*"�����+������ � ��������,�-##���.$/0�%����%�"���������!"##�������� � ��	����1��2��1��

����"#/���/���2�������'�%�+������"	�����
�����%$�$����$����%��
���%��2���������
%$%��3�$%�2$�/$�	�$%����%$%�����0$������������$4��
���0+�5"��#�%$�$4�+�/�����5��0���������6���2���!�����$�����%����#���/����������2�������'�%��#��%����/�$��!���$���&& �.�/��$�	�7����0��
���/���%"��%�����8��#��9�������������!"##����������2����/������0�"�/���%"���$�������$�����%�%��2��##��:$�����
���,�#�������#���
��������"	����,���%����#���/��������"#/���/���2�������'�%��	��0���������2�����#������+������%
%����0$/��5�%$%��8��������������$%��%�$����/������$�����%�+��������4���	�����"���5�%$%+�$%������
�����#�������	��#�$�����0���������������$������4���	�������$�����%�+��%�#��9����/�5
���������	
�&�2�����$����/�$�$%����$���;�&�<+�1���/���0������������������2�$�2���$����&��������0��/%+�0���������$�4������!"##����������2����/�����=%�%$	�$2$��������5�����$%%$��%���/"��$��%�0$�����%��$�#���%����������%$	�$2$�����
���%%�������:#����/����$������4���	��$�����%��$��������$�$�
�#�$��%��3�$%�������2�$�����%��$%���%����%%����������������2�$�2���$������ >?@ABC�DEEFGH�IJKLCMN?OC�IAPPQCMCRL�SBCTCBBCO�SQUR�VWM?RUQ�XWKL�XWMPUB?KWR�
�����������������������������������������������8������������������:������$�
���/���	"�����
���%�%��2����5�������2������/�$�+�����!"##����������2����/��������%"��%�$��#��%����4��"��%��$�����5���2$�%������$4���������"#/���/���2�������'�%�+�5"�����%����������2������/�$������������5$�������
%$%���1�!�������	
�&�2�����$����/�$�$%����$����YZZ[\]�̂Z_̀ab�c[d]eef�ghgh��;*��"��
�����<���4�$��5����� ����#% ��000��$��	�4��"����
%�����$�/�:�#�#� i

IAPPQCMCRL�SBCTCBBCO�SQUR�VWM?RUQ�XWKL�XWMPUB?KWR�jVIS�IJKLCM;���$��������%�#���
8�<
�k��
�k�� ���k���,���� ���� ���,���� ���� �������k ���� ���1 ���� ���� ���� ���� ���� ���� ���1 ���� ���� ��,�

��2�������'�%����2����/������&�����$������4���	�GlGlFGlml�noCBU@C�nRRAUQ�pBWNLq�rULCK�sPCBtCRLuv�&�����$������4���	� ����#������v�!��!"##���������2�������'�%� � ���#������v�!��!"##����������2����/����� ��,�#������

wxyz{|�}~|x���������~��wxyz{|�}��������y������|{��}
Northern States Power Company 
 
 
 

PUBLIC DOCUMENT 
TRADE SECRET DATA EXCISED 

 
 

Case No. PU-23-____ 
Exhibit___(FLM-1), Schedule 4 

Page 167 of 176 
 



���������	
� � ���
����������������������� � ������������ �!"##�����������$�%��&&��'"%�����������(�)$���&�#���%��

*"�����+������ � ��������,�-##���.$/0�%����%�"���������!"##�������� � ��	�������1��2��

������$3������"��*"�
������1$�$�	+��"���%�$����/��3���	������%�����%�$	���
��$	����$����$%�!"##������+���/����
�����$���4�3������"#/���/����$������3���	��1"������$��������1�����%��#��$�/���5���������������
�
������$4"�$�	�1�����%����/$11������%�4��0�����"��$�$�$���1$�$�	6%������$�#��������
%$%���/�����!"##�������1$�/$�	%���7$�%�+��"��%���%��%�$����%�8�$��4��������"#/���/���1�������'�%����/�!"##����������1����/������8�/�����%�/������$3���������1�����%�%�"%�/�$���"��$�$�$���1$�$�	����%�����/��4�3�+������%�$����/�/���$���$��%���%�$%�#�$���$�
�����$4"��/�������$�����%��$����3��%��1�����%%"��/�$���"��"�/���
$�	�/����/�1�����%�%+�0�$���$%�#���$���
��11%���4
��$	����#��9����/�������$��3��$����������$�$�
����%"�#�$���$�������������
���%��1�����1�����%��#��$�/����%�����%"����1�%���%�/���$��%�����$4"��4��������+�������������3��"����:"$������%�1���4����������1���������/����1����/�����%�����%#���/��3���1�0���
;��%���%+���/���������%����/�/��������3���������:"$��/���3��"��$�����%�����!����/+�0�������������"����������3��"����:"$������%���3��$�����%�/������$3������"��$�$�$���1$�$�	���!�����1�����/$11�������$%�����$4"��4������!�����	$%����/���'��#�%%�4�$�	�1"�/��������
�/$11��������/��%���������/������
���/$%#�����/$11������
���<�0�3��+�0���4%��3��������������	�%������	�%�$����%��1�����%�4��0��������*"�
������1$�$�	���/���$%�!"##�������$���"/��$�����%�/�1$=�/���%�%�1��������0�4�����#��$�
��=#��%$�����/�$�����%�/�1"�����/�3��$�4����#����$�	���/���$���������>?(.@���%�%+�0$���$�����%�%�$�����
���$�������$���4���1$�%�#���$���
��11%���$�	����%����%��/�$3��%���5���!"##����������1����/������$���"/�%����������0�4�����#��$�
��//$�$��%�������"��$�$�$������1����/�����+���/������"	����%���%%"�#�$��%�1���%��������0�4�����������	$�%���3��/���$��/�8��%�����%"����1�#��9����/���������	
�$�#��3�����%�8�����$�����%��$����#��$�
��//$�$��%���%"��%�$��%���0�����$	������3��"�����:"$������%��3��������7"�����+�3��$�4���?(.���%�%�$�����%���3�����+�#���$���
��%�����%"����1�������%�%��1��#����$�	��������#��$�
+���/�#���$���
�4���"%������!�����	$%����/��$�	�"%�/��%�����4�%$%��1��"����3��"����:"$������%�����
%$%�$������$�$�$���1$�$�	�/$/���������"���1���%����"#���/���������"��
��#����$�������%�%������������'��#�%%���/���/��%���#�"�����5��%��"#0��/�#��%%"��%������11%���%���0����4
�����!"##����������1����/�����6%����
���$�������$��%+�0�$�����%"���$�������%�3$�	%������$���"��$�$�$������������5�$�/+�0�����������������&�6%������#��9���$����1����$������3���	�����$����������$�$�
�����%���%�/���$��/�8�4����$������%��1������������3�����/�����#�����1��=#����/�1"�"���	��0���8������$3��������������3$���	��0��"%�/�$���"��$�$�$���1$�$�	����&�6%�ABAB�CDDEFG�HDIJKL�MENGOOP�>��?@�����%�������3���	���"%����������%�/���$��/�#�$���$�
��%�����%"����1�/���$�$�	���������	
���%�%���/���0������"����	�%�#�$���1�����%�%������$3���������

QRSTUV�WXVRYZ[\�]��[X\�QRSTUV�Ŵ \̂ �_^̀�SZZ[�ZaVÙZW
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MODELING ASSUMPTIONS & INPUTS 

I. ENCOMPASS INPUTS AND ASSUMPTIONS

As discussed in Section 4, the Company has made a limited set of updates to our modeling 
assumptions for the purposes of this Reply. We provide a summary of major changes and 
new modeling inputs and assumptions, relative to the modeling in our June 2020 
Supplement below, followed by further details regarding assumptions used in this round of 
modeling.  

Topic Assumption Change from 
Supplement Filing 

Rationale for Change 

Generic wind 
and solar cost 
assumptions 

▪ Extended federal 

Production Tax 

Credits (PTC) and 

Investment Tax 

Credits (ITC) to their 

current dates 

▪ Previous

Production Tax 

Credit and 

Investment Tax 

Credit schedule 

▪ The federal

Consolidated 

Appropriations Act of 

2021 extended the 

qualification period for 

tax credits  

Generic wind, 

solar and battery 

size 

▪ 50 MW generic sizes 

for all wind, solar and 

battery resources 

▪ Wind: 750MW

▪ Solar: 500MW

▪ Battery: 321 MW

▪ Better accounts for the

modularity of these

resources

Wind and solar 
resource 
production 

▪ Include costs for 

curtailed generation 

of renewable 

resources 

▪ Did not assign 

costs to curtailed 

generation of 

renewable 

resources 

▪ Better reflects the costs

of curtailment 

Black Start 
Resources 

▪ Add specific 

resources to 

represent near term 

black start resource 

needs in Alternate 

Plan  

▪ Included 

placeholder 

capacity and 

associated life 

extension costs for 

black start 

resources 

▪ Replace the

placeholders with 

specific black start unit 

assumptions in 

Alternate Plan 

Northern States Power Company 
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Topic Assumption Change from 
Supplement Filing 

Rationale for Change 

Sherco and King 
gen-ties  

▪ In Alternate Plan, 

include revenue 

requirements of 345 

kV transmission lines 

to reutilize 

generation 

interconnection 

opening at Sherco 

and King when they 

retire   

▪ None  ▪ To incorporate costs 

for gen-ties that enable 

primarily renewables to 

reutilize 

interconnection rights 

at Sherco and King   

Approved new 
and repowered 
resources 

▪ Mower, Deuel 

Harvest, Elk Creek, 

St Cloud Hydro, 

Heartland Divide, 

Border, Nobles, 

GrandMeadow, 

Pleasant Valley, 

Ewington. 

▪ Resources were 

not included in 

June 2020 

Supplement 

because they were 

not yet approved 

as of our 

assumptions lock-

in date 

▪ Reflects expected lives 

and costs of recently 

approved resources 

 

Resource 
adequacy 
sensitivity 

▪ Increased effective 

reserve margin to 

7.21 percent, based 

on a 9.4 percent 

planning reserve 

margin and 98 

percent coincidence 

factor in one 

sensitivity 

▪ No sensitivity 

conducted 

▪ Reflects increasing 

reserve margin needs 

per recent MISO 

guidance   

 
A. Discount Rate and Capital Structure 
 
The discount rate used for levelized cost calculations and the present value of modeled 
costs is 6.47 percent. The rates shown below were calculated by taking a weighted average 
of each NSP jurisdiction’s last allowed/settled electric retail rate case.  
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Table 1: Discount Rate and Capital Structure 
 

 
 

B. Inflation Rates 
 
The inflation rates are used for existing resources, generic resources, and other costs related 
to general inflationary trends in the modeling and are developed using long-term forecasts 
from Global Insight. The general inflation rate of 2% is from their long-term forecast for 
“Chained Price Index for Total Personal Consumption Expenditures” published in the 
second quarter of 2018. 
 
C. Reserve Margin 
  
The reserve margin at the time of MISO’s peak is 8.9 percent from the 2020-2021 Loss Of 
Load Expectation Study Report, published November 2019. The coincidence factor 
between the NSP System and MISO system peak is 95 percent. Therefore, the effective 
reserve margin is:  

 

(95 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑓𝑎𝑐𝑡𝑜𝑟)𝑥 (1 + 8.9 𝑝𝑒𝑟𝑐𝑒𝑛𝑡) −  1 
=  𝟑. 𝟒𝟔 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑟𝑒𝑠𝑒𝑟𝑣𝑒 𝑚𝑎𝑟𝑔𝑖𝑛 𝑓𝑜𝑟 𝑁𝑆𝑃 

 
We also examined a sensitivity scenario using increased effective reserve margin to reflect 
recent MISO guidance: 

(98 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑐𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑓𝑎𝑐𝑡𝑜𝑟)𝑥 (1 + 9.4 𝑝𝑒𝑟𝑐𝑒𝑛𝑡) −  1 
=  𝟕. 𝟐𝟏 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑟𝑒𝑠𝑒𝑟𝑣𝑒 𝑚𝑎𝑟𝑔𝑖𝑛 𝑓𝑜𝑟 𝑁𝑆𝑃 

 
D. CO2 Costs 
 
The PVSC Base Case CO2 values are based on the high environmental cost values for CO2 
through 2024 (page 31 of the Minnesota Public Utilities Commission’s Order Updating 
Environmental Cost Values in Docket No. E999/CI-14-643 issued January 3, 2018.). All 
prices are converted to 2018 real dollars using the 2017 Gross Domestic Product Implicit 
Price Deflator (GDPIPD) of 113.416 and then escalate at general inflation thereafter.  
 
The PVSC Base Case values starting in 2025 are based on the “high” end of the range of 

Capital 

Structure

Allowed 

Return

Before Tax 

Electric WACC

After Tax Electric 

WACC

Long-Term Debt 45.72% 4.79% 2.19% 1.58%

Common Equity 52.39% 9.25% 4.85% 4.85%

Short-Term Debt 1.89% 3.55% 0.07% 0.05%

Total 7.10% 6.47%

Discount Rate and Capital Structure
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regulated costs (see page 12 of MPUC Order Establishing 2018 and 2019 Estimate of 
Future Carbon Dioxide Regulation Costs in Dockets No.E999/CI-07-1199 and E-999/DI-
17-53 issued June 11, 2018). All prices escalate at general inflation. 
 
The Order Establishing 2018 and 2019 Estimate of Future Carbon Dioxide Regulation 
Costs requires four alternative scenarios to be run in addition to the PVSC Base Case. The 
Order Extending Deadline for Filing Next Resource Plan issued January 30, 2019 also 
requires a scenario using the midpoint of the Commission’s most recently approved 
externalities and regulatory costs of carbon. The values in the PVSC Base Case and 
alternative scenarios are set out below. 
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Table 2: CO2 Costs 
 

 
 
E. All Other Externality Costs 

 
The values of the criteria pollutants are derived from the high and low values for each of 
the 3 locations, as determined in the Minnesota Commission Order Updating 
Environmental Cost Values in Docket No. E999/CI-14-643 issued January 3, 2018.  The 

Year

Low 

Environmental 

Cost

High 

Environmental 

Cost

Low 

Environmental/ 

Regulatory Costs

Mid 

Environmental/ 

Regulatory Costs

PVSC - High 

Environmental/ 

Regulatory Costs

PVRR - Omitting 

CO2 Cost 

Considerations

2018 $9.09 $42.76 $9.09 $25.92 $42.76 $0.00

2019 $9.49 $44.58 $9.49 $27.04 $44.58 $0.00

2020 $9.90 $46.45 $9.90 $28.18 $46.45 $0.00

2021 $10.32 $48.39 $10.32 $29.35 $48.39 $0.00

2022 $10.77 $50.38 $10.77 $30.57 $50.38 $0.00

2023 $11.22 $52.43 $11.22 $31.82 $52.43 $0.00

2024 $11.69 $54.55 $11.69 $33.12 $54.55 $0.00

2025 $12.16 $56.72 $5.00 $15.00 $25.00 $0.00

2026 $12.67 $58.97 $5.10 $15.30 $25.50 $0.00

2027 $13.17 $61.29 $5.20 $15.61 $26.01 $0.00

2028 $13.70 $63.67 $5.31 $15.92 $26.53 $0.00

2029 $14.24 $66.12 $5.41 $16.24 $27.06 $0.00

2030 $14.80 $68.64 $5.52 $16.56 $27.60 $0.00

2031 $15.37 $71.24 $5.63 $16.89 $28.15 $0.00

2032 $15.97 $73.91 $5.74 $17.23 $28.72 $0.00

2033 $16.57 $76.67 $5.86 $17.57 $29.29 $0.00

2034 $17.21 $79.50 $5.98 $17.93 $29.88 $0.00

2035 $17.85 $82.41 $6.09 $18.28 $30.47 $0.00

2036 $18.52 $85.41 $6.22 $18.65 $31.08 $0.00

2037 $19.20 $88.50 $6.34 $19.02 $31.71 $0.00

2038 $19.91 $91.68 $6.47 $19.40 $32.34 $0.00

2039 $20.62 $94.96 $6.60 $19.79 $32.99 $0.00

2040 $21.38 $98.32 $6.73 $20.19 $33.65 $0.00

2041 $22.14 $101.78 $6.86 $20.59 $34.32 $0.00

2042 $22.94 $105.34 $7.00 $21.00 $35.01 $0.00

2043 $23.74 $109.00 $7.14 $21.42 $35.71 $0.00

2044 $24.58 $112.76 $7.28 $21.85 $36.42 $0.00

2045 $25.43 $116.63 $7.43 $22.29 $37.15 $0.00

2046 $26.33 $120.61 $7.58 $22.73 $37.89 $0.00

2047 $27.23 $124.71 $7.73 $23.19 $38.65 $0.00

2048 $28.17 $128.92 $7.88 $23.65 $39.42 $0.00

2049 $29.12 $133.24 $8.04 $24.13 $40.21 $0.00

2050 $30.12 $137.69 $8.20 $24.61 $41.02 $0.00

2051 $31.14 $142.26 $8.37 $25.10 $41.84 $0.00

2052 $32.18 $146.97 $8.53 $25.60 $42.67 $0.00

2053 $33.26 $151.80 $8.71 $26.12 $43.53 $0.00

2054 $34.36 $156.76 $8.88 $26.64 $44.40 $0.00

2055 $35.50 $161.87 $9.06 $27.17 $45.28 $0.00

2056 $36.66 $167.11 $9.24 $27.71 $46.19 $0.00

2057 $37.86 $172.51 $9.42 $28.27 $47.11 $0.00

CO2 Costs ($ per short ton)
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midpoint externality costs are the average of the low and high values. All prices are 
escalated to 2018 real dollars using the 2017 (GDPIPD) of 113.416.  The high, low and 
midpoint externality costs will be used in the CO2 sensitivities as described above. 
 

Table 3: Externality Costs 
 

 
 
F. Demand and Energy Forecast  
 
The Company’s fall 2019 load forecast is used as the base assumption and assumes that EV 
impacts growth continues throughout the forecast period.  The energy efficiency (EE) 
forecast included in the base forecast developed by the Company’s Load Forecasting 
Department assumes somewhat less energy efficiency (EE) savings levels than those 
included in our initial Resource Plan’s Preferred Plan.  
 
The “Load Forecast with EE” shown in Table 4 below is the starting point for the load 
inputs. In all modeling scenarios, the “EE” is removed - the removal of these EE program 
effects, which have a 14-year life, impacts the load forecast through 2048.  In the initial 
filing, the three EE Bundles (discussed below) were optimized as Proview Alternatives. For 
this supplemental filing, the first two EE Bundles are locked in all scenarios. The resulting 
forecast, before the optimized EE bundles are added, is shown below in Table 4 as 

Urban Metro Fringe Rural <200mi

SO2 $6,116 $4,829 $3,643 $0

NOx $2,934 $2,622 $2,110 $28

PM2.5 $10,697 $6,856 $3,654 $872

CO $1.65 $1.17 $0.31 $0.31

Pb $4,857 $2,562 $624 $624

Urban Metro Fringe Rural <200mi

SO2 $15,288 $12,030 $8,878 $0

NOx $8,390 $7,798 $6,771 $158

PM2.5 $26,721 $17,091 $8,973 $1,327

CO $3.51 $2.08 $0.63 $0.63

Pb $6,011 $3,094 $695 $695

Urban Metro Fringe Rural <200mi

SO2 $10,702 $8,430 $6,261 $0

NOx $5,662 $5,210 $4,441 $93

PM2.5 $18,709 $11,974 $6,313 $1,099

CO $2.58 $1.63 $0.47 $0.47

Pb $5,434 $2,828 $659 $659

MPUC Midpoint Externality Costs

2018 $ per short ton

MPUC High Externality Costs

2018 $ per short ton

MPUC Low Externality Costs

2018 $ per short ton
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“Forecast Without EE.”  The forecasts shown do not include the impact of DG solar, as 
DG solar is modeled as a resource, not a load modifier.  
 

Table 4: Demand and Energy Forecast  
 

 
 
The low load sensitivity includes high customer-adoption-based DG/DER growth and 

Year
Forecast 

with EE

Forecast without 

EE

Forecast 

with EE

Forecast without 

EE

2018 9,152 9,152 43,914 43,914

2019 9,084 9,084 43,558 43,558

2020 9,099 9,230 43,170 43,806

2021 9,079 9,312 42,741 44,018

2022 9,126 9,462 42,628 44,549

2023 9,165 9,604 42,440 45,004

2024 9,184 9,728 42,339 45,555

2025 9,238 9,849 42,324 45,976

2026 9,311 9,992 42,470 46,565

2027 9,414 10,164 42,757 47,296

2028 9,504 10,327 43,221 48,216

2029 9,525 10,416 43,006 48,432

2030 9,605 10,566 43,224 49,093

2031 9,679 10,710 43,420 49,734

2032 9,775 10,880 43,903 50,678

2033 9,979 11,058 44,532 51,299

2034 10,190 11,246 45,426 52,203

2035 10,343 11,269 46,158 52,299

2036 10,502 11,325 47,028 52,527

2037 10,673 11,393 47,647 52,503

2038 10,803 11,420 48,209 52,422

2039 10,936 11,449 48,833 52,394

2040 11,073 11,518 49,603 52,729

2041 11,209 11,585 50,055 52,737

2042 11,338 11,645 50,635 52,873

2043 11,467 11,701 51,267 53,048

2044 11,614 11,780 52,023 53,374

2045 11,722 11,818 52,468 53,375

2046 11,839 11,865 53,010 53,473

2047 11,951 11,903 53,545 53,547

2048 12,021 11,998 54,150 54,160

2049 12,045 12,045 54,202 54,202

2050 12,097 12,097 54,407 54,407

2051 12,149 12,149 54,611 54,611

2052 12,199 12,199 54,947 54,947

2053 12,252 12,252 55,022 55,022

2054 12,305 12,305 55,226 55,226

2055 12,357 12,357 55,431 55,431

2056 12,409 12,409 55,765 55,765

2057 12,461 12,461 55,840 55,840

Energy (GWh)

Demand and Energy Forecast

Demand (MW)
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higher EE savings, which reduces load.  The high load sensitivity includes high 
electrification load.  These assumptions are shown in Table 5 and Table 6 and are 
incremental/decremental to the forecast shown in Table 4. 

Table 5: High Load Sensitivity 
 

 
*Demand values are coincident to system peak  

 

Year
Energy 

(GWh)

Demand 

(MW)

2018 35 8

2019 46 6

2020 59 7

2021 166 20

2022 276 33

2023 390 47

2024 507 62

2025 592 65

2026 692 77

2027 812 85

2028 939 98

2029 1,202 118

2030 1,578 162

2031 2,028 205

2032 2,538 251

2033 3,137 305

2034 3,857 367

2035 4,716 438

2036 5,657 515

2037 6,672 596

2038 7,741 679

2039 8,851 766

2040 9,996 854

2041 11,114 940

2042 12,199 1,025

2043 13,241 1,118

2044 14,229 1,796

2045 15,159 2,520

2046 16,037 3,173

2047 16,877 3,796

2048 17,696 4,647

2049 18,660 4,908

2050 19,530 5,407

2051 20,634 5,947

2052 21,645 6,418

2053 22,656 6,896

2054 23,666 7,384

2055 24,677 7,877

2056 25,688 8,352

2057 26,699 8,840

High Electrification

Northern States Power Company 
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Table 6: Low Load Sensitivity 
 

  

Year
Energy 

(GWh)

Demand 

(Nameplate MW)

2018 0 0

2019 0 0

2020 0 0

2021 207 122

2022 180 106

2023 159 94

2024 270 159

2025 258 152

2026 423 250

2027 423 250

2028 635 374

2029 641 379

2030 740 437

2031 826 487

2032 913 538

2033 996 588

2034 1,082 639

2035 1,167 689

2036 1,256 739

2037 1,338 790

2038 1,423 840

2039 1,509 891

2040 1,598 941

2041 1,631 963

2042 1,580 933

2043 1,529 903

2044 1,482 872

2045 1,425 842

2046 1,350 797

2047 1,296 765

2048 1,245 733

2049 1,187 701

2050 1,131 668

2051 1,063 628

2052 1,009 594

2053 932 550

2054 872 515

2055 807 476

2056 742 437

2057 671 396

High DER Growth

Northern States Power Company 
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G. Energy Efficiency Bundles 
 
The EE “Program” and “Maximum” Bundles are based on the Minnesota Department of 
Commerce’s Minnesota Energy Efficiency Potential Study: 2020-2029 published December 
4, 2018.  The “Optimal” Bundle was developed by the Company.  The bundles are 
decremental (reducing energy and demand) to the “Forecast without EE” shown in Table 
4.   

Table 7: Energy Efficiency Bundles  
 

 
**Demand values are coincident to system peak 

 
 

 

Year

Bundle 1: 

Program

Bundle 2: 

Optimal

Bundle 

3: Max

Bundle 1: 

Program

Bundle 2: 

Optimal

Bundle 3: 

Max

Bundle 1: 

Program

Bundle 2: 

Optimal

Bundle 3: 

Max

2018 0 0 0 0 0 0 0 0 0

2019 0 0 0 0 0 0 0 0 0

2020 621 43 231 97 18 36 100,989 12,598 148,331

2021 1,326 91 493 207 38 77 113,525 13,905 167,221

2022 1,913 148 702 301 60 113 121,239 21,425 177,197

2023 2,555 211 928 407 86 154 133,614 23,931 196,474

2024 3,094 279 1,110 520 116 197 148,406 26,120 217,388

2025 3,629 346 1,289 635 146 241 152,433 26,077 223,293

2026 4,330 414 1,533 759 176 289 160,445 26,236 233,779

2027 5,054 482 1,785 886 206 338 167,718 26,637 242,963

2028 5,785 551 2,040 1,012 235 387 174,161 27,018 249,373

2029 6,454 606 2,280 1,127 259 432 162,170 23,442 233,114

2030 7,110 659 2,516 1,241 283 477 162,170 23,442 233,114

2031 7,753 710 2,748 1,354 307 522 162,170 23,442 233,114

2032 8,339 760 2,960 1,460 329 564 162,170 23,442 233,114

2033 8,909 808 3,168 1,564 352 605 162,170 23,442 233,114

2034 9,464 857 3,370 1,667 374 646 162,170 23,442 233,114

2035 9,250 846 3,294 1,648 370 638 0 0 0

2036 8,739 835 3,073 1,579 366 600 0 0 0

2037 8,088 789 2,829 1,470 347 557 0 0 0

2038 7,450 741 2,590 1,369 327 517 0 0 0

2039 6,841 685 2,372 1,267 304 475 0 0 0

2040 6,197 626 2,144 1,154 278 430 0 0 0

2041 5,543 562 1,919 1,036 250 384 0 0 0

2042 4,871 499 1,685 916 221 337 0 0 0

2043 4,220 434 1,457 796 191 291 0 0 0

2044 3,561 377 1,218 678 165 245 0 0 0

2045 2,912 318 990 562 139 201 0 0 0

2046 2,276 265 761 451 116 156 0 0 0

2047 1,746 212 573 349 93 117 0 0 0

2048 1,216 159 384 248 70 79 0 0 0

2049 686 106 195 146 46 40 0 0 0

2050 156 53 7 45 23 1 0 0 0

2051 0 0 0 0 0 0 0 0 0

2052 0 0 0 0 0 0 0 0 0

2053 0 0 0 0 0 0 0 0 0

2054 0 0 0 0 0 0 0 0 0

2055 0 0 0 0 0 0 0 0 0

2056 0 0 0 0 0 0 0 0 0

2057 0 0 0 0 0 0 0 0 0

Energy (MWh) Demand (MW) Costs ($000)

Northern States Power Company 
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H. Demand Response Forecast 
 
The base demand response forecast was developed by the Company and is included in all 
scenarios and sensitivities. The three demand response “Bundles” are from the Brattle 
Potential Study provided as Appendix G2 of the initial filing to this docket.  The Bundles 
are incremental to the base demand response forecast. In the initial filing, the three DR 
Bundles were optimized as Proview Alternatives. Similar to this supplemental filing, the 
first DR Bundle is locked in all scenarios.  
 

Table 8: Demand Response Forecast  
 

 
*Demand values are coincident to system peak. 

 
 

Year

 Base Demand 

Response 

Forecast Bundle 1 Bundle 2 Bundle 3 Bundle 1 Bundle 2 Bundle 3

2018 852 0 0 0 0 0 0

2019 928 0 0 0 0 0 0

2020 1012 33 107 90 1,752 7,659 11,311

2021 1027 165 112 98 8,917 8,150 12,587

2022 1041 232 117 107 12,748 8,676 14,016

2023 1055 294 121 110 16,489 9,137 14,758

2024 1066 341 133 101 19,512 10,277 13,829

2025 1072 382 145 92 22,305 11,459 12,858

2026 1077 394 152 93 23,475 12,207 13,326

2027 1078 407 159 95 24,786 13,080 13,845

2028 1077 423 168 97 26,245 14,086 14,418

2029 1071 440 178 99 27,859 15,231 15,047

2030 1059 458 190 102 29,637 16,522 15,734

2031 1048 478 202 104 31,551 17,926 16,467

2032 1037 499 215 107 33,612 19,451 17,251

2033 1026 521 228 110 35,832 21,109 18,088

2034 1016 545 243 113 38,224 22,911 18,984

2035 1005 570 259 116 40,802 24,870 19,943

2036 995 596 275 120 43,582 26,999 20,971

2037 985 624 293 123 46,580 29,313 22,072

2038 976 654 312 127 49,814 31,829 23,253

2039 966 686 332 132 53,305 34,564 24,522

2040 957 720 353 136 57,073 37,537 25,884

2041 948 720 353 136 58,215 38,288 26,402

2042 939 720 353 136 59,379 39,054 26,930

2043 930 720 353 136 60,566 39,835 27,468

2044 922 720 353 136 61,778 40,632 28,018

2045 914 720 353 136 63,013 41,444 28,578

2046 906 720 353 136 64,274 42,273 29,150

2047 898 720 353 136 65,559 43,118 29,733

2048 890 720 353 136 66,870 43,981 30,327

2049 882 720 353 136 68,208 44,860 30,934

2050 875 720 353 136 69,572 45,758 31,552

2051 868 720 353 136 70,963 46,673 32,183

2052 860 720 353 136 72,382 47,606 32,827

2053 853 720 353 136 73,830 48,558 33,484

2054 847 720 353 136 75,307 49,530 34,153

2055 840 720 353 136 76,813 50,520 34,836

2056 833 720 353 136 78,349 51,531 35,533

2057 827 720 353 136 79,916 52,561 36,244

Costs ($000)

Demand (MW) 

Adjusted For Reserve Margin

Northern States Power Company 
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I. Fuel Price Forecasts 
 
The natural gas prices are developed using a blend of market information (New York 
Mercantile Exchange futures prices) and long-term fundamentally-based forecasts from 
Wood Mackenzie, Cambridge Energy Research Associates (CERA) and Petroleum Industry 
Research Associates (PIRA).  
 
Coal price forecasts are developed using two major inputs: the current contract volumes 
and prices combined with current estimates of required spot volumes and prices to cover 
non-contracted coal needs.  Typically coal volumes and prices are under contract on a plant 
by plant basis for a one to five-year term with annual spot volumes filling the estimated fuel 
requirements of the coal plant based on recent unit dispatch. The spot coal price forecasts 
are developed from price forecasts provided by Wood Mackenzie, JD Energy, and John T 
Boyd Company, as well as price points from recent Request for Proposal (RFP) responses 
for coal supply.  Added to the spot coal forecast, which is just for the coal commodity, are: 
transportation charges, SO2 costs, freeze control and dust suppressant, as required.  
 
In addition to resources that exist within the NSP System, the Company is a participant in 
the MISO Market.  Electric power market prices are developed from fundamentally-based 
forecasts from Wood Mackenzie, CERA and PIRA using a similar methodology as is used 
for the gas price forecast.  Table 9 below shows the market prices under zero CO2 cost 
assumptions. The market purchases and sales limit for transaction volume between the 
Company and MISO is 1,350 MWh/h in 2018, 1,800 MWh/h from 2019-2022, and 2,300 
MWh/h for 2023 and beyond. 
 
High and low price sensitivities were performed by adjusting the growth rate up and down 
by 50 percent from the base forecast starting when the long-term fundamentally-based 
forecasts are blended with the market information (New York Mercantile Exchange futures 
prices). 
 
  

Northern States Power Company 
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Table 9: Fuel and Market Price Forecasts 
 

 

Year

Generic 

Coal

Ventura 

Hub 

Minn 

Hub On-

Peak

Minn 

Hub Off-

Peak 

Generic 

Coal

Ventura 

Hub 

Minn 

Hub On-

Peak

Minn 

Hub Off-

Peak 

Generic 

Coal

Ventura 

Hub 

Minn 

Hub On-

Peak

Minn 

Hub Off-

Peak 

2018 $2.19 $2.74 $28.60 $21.61 $2.19 $2.74 $28.60 $21.61 $2.19 $2.74 $28.60 $21.61

2019 $2.08 $2.60 $26.93 $20.98 $2.08 $2.60 $26.93 $20.98 $2.08 $2.60 $26.93 $20.98

2020 $2.11 $2.26 $25.78 $20.13 $2.11 $2.26 $25.78 $20.13 $2.11 $2.26 $25.78 $20.13

2021 $2.14 $2.23 $25.32 $19.06 $2.14 $2.23 $25.32 $19.06 $2.14 $2.23 $25.32 $19.06

2022 $2.19 $2.33 $26.92 $20.45 $2.17 $2.28 $26.33 $20.00 $2.24 $2.38 $27.52 $20.90

2023 $2.25 $2.45 $29.31 $22.19 $2.19 $2.34 $27.96 $21.17 $2.36 $2.57 $30.68 $23.23

2024 $2.30 $2.58 $30.00 $23.20 $2.22 $2.40 $27.94 $21.60 $2.46 $2.76 $32.16 $24.87

2025 $2.35 $2.79 $31.47 $24.36 $2.24 $2.50 $28.17 $21.80 $2.57 $3.11 $35.04 $27.12

2026 $2.40 $2.98 $32.30 $24.99 $2.27 $2.58 $28.01 $21.67 $2.69 $3.42 $37.09 $28.70

2027 $2.45 $3.12 $33.35 $26.71 $2.29 $2.64 $28.28 $22.64 $2.81 $3.66 $39.16 $31.36

2028 $2.51 $3.26 $34.09 $26.97 $2.32 $2.71 $28.25 $22.35 $2.93 $3.92 $40.92 $32.38

2029 $2.57 $3.44 $35.21 $28.25 $2.34 $2.78 $28.42 $22.79 $3.07 $4.24 $43.38 $34.80

2030 $2.62 $3.70 $38.27 $30.69 $2.37 $2.88 $29.83 $23.92 $3.20 $4.71 $48.76 $39.09

2031 $2.68 $3.87 $39.33 $32.07 $2.40 $2.95 $29.97 $24.44 $3.35 $5.04 $51.22 $41.77

2032 $2.75 $4.02 $39.75 $33.14 $2.43 $3.01 $29.71 $24.77 $3.51 $5.34 $52.76 $43.99

2033 $2.81 $4.10 $39.93 $33.46 $2.45 $3.03 $29.58 $24.79 $3.67 $5.48 $53.47 $44.80

2034 $2.87 $4.20 $41.13 $34.56 $2.48 $3.07 $30.08 $25.28 $3.83 $5.70 $55.76 $46.86

2035 $2.94 $4.35 $42.15 $35.66 $2.51 $3.13 $30.32 $25.65 $4.00 $6.00 $58.12 $49.17

2036 $2.99 $4.47 $42.79 $36.60 $2.53 $3.17 $30.37 $25.97 $4.14 $6.24 $59.80 $51.13

2037 $3.07 $4.65 $44.00 $38.21 $2.56 $3.24 $30.61 $26.58 $4.36 $6.63 $62.69 $54.44

2038 $3.14 $4.86 $44.95 $39.45 $2.60 $3.31 $30.60 $26.85 $4.58 $7.08 $65.43 $57.42

2039 $3.23 $5.04 $45.82 $40.48 $2.63 $3.37 $30.63 $27.06 $4.83 $7.47 $67.88 $59.98

2040 $3.31 $5.22 $46.61 $41.48 $2.66 $3.43 $30.61 $27.25 $5.06 $7.87 $70.25 $62.53

2041 $3.37 $5.32 $46.52 $41.48 $2.69 $3.46 $30.27 $26.99 $5.26 $8.10 $70.79 $63.12

2042 $3.45 $5.47 $47.61 $42.64 $2.72 $3.51 $30.57 $27.38 $5.51 $8.43 $73.40 $65.74

2043 $3.53 $5.62 $48.37 $43.71 $2.75 $3.56 $30.64 $27.69 $5.77 $8.78 $75.56 $68.28

2044 $3.62 $5.78 $49.72 $44.99 $2.79 $3.61 $31.04 $28.09 $6.05 $9.17 $78.79 $71.29

2045 $3.70 $5.99 $51.23 $46.37 $2.82 $3.68 $31.45 $28.46 $6.31 $9.65 $82.57 $74.73

2046 $3.78 $6.17 $52.49 $47.53 $2.85 $3.73 $31.74 $28.74 $6.59 $10.09 $85.85 $77.73

2047 $3.86 $6.29 $53.27 $48.57 $2.88 $3.77 $31.89 $29.08 $6.88 $10.40 $87.98 $80.22

2048 $3.95 $6.46 $54.39 $49.88 $2.91 $3.82 $32.15 $29.49 $7.20 $10.80 $90.96 $83.42

2049 $4.04 $6.66 $55.69 $50.92 $2.95 $3.88 $32.43 $29.65 $7.53 $11.30 $94.52 $86.43

2050 $4.13 $6.77 $56.64 $51.71 $2.98 $3.91 $32.70 $29.85 $7.87 $11.60 $96.97 $88.53

2051 $4.22 $6.96 $58.23 $53.16 $3.01 $3.96 $33.16 $30.27 $8.21 $12.08 $101.05 $92.24

2052 $4.31 $7.13 $59.62 $54.42 $3.04 $4.01 $33.56 $30.63 $8.57 $12.51 $104.64 $95.53

2053 $4.41 $7.29 $61.00 $55.68 $3.08 $4.06 $33.94 $30.99 $8.94 $12.95 $108.29 $98.85

2054 $4.50 $7.46 $62.38 $56.95 $3.11 $4.10 $34.33 $31.34 $9.33 $13.39 $111.97 $102.21

2055 $4.60 $7.62 $63.76 $58.21 $3.14 $4.15 $34.71 $31.69 $9.73 $13.83 $115.69 $105.61

2056 $4.69 $7.79 $65.15 $59.47 $3.17 $4.19 $35.09 $32.03 $10.12 $14.28 $119.45 $109.05

2057 $4.79 $7.95 $66.53 $60.73 $3.21 $4.24 $35.46 $32.37 $10.52 $14.74 $123.26 $112.52

*Coal prices are delivered prices, while gas and market prices are hub prices.

Market Price 

($/MWh)

Fuel  Price 

($/mmBTu)

Base Price Forecast Low Price Forecast High Price Forecast

Fuel  Price 

($/mmBTu)

Market Price 

($/MWh)

Fuel  Price 

($/mmBTu)

Market Price 

($/MWh)

Northern States Power Company 
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J. Baseload Retirement “Leave Behind” Costs 
 
Based on the MISO Y2 retirement studies performed on existing coal and nuclear 
resources, the Company developed transmission reinforcement or “leave behind” 
estimates, which reflect costs required to mitigate localized grid impacts of the retirement 
of major baseload resources.  The reinforcement costs are included as a one-time charge 
based on the timing of the resource retirement. 
 
Specifically, we have included the following proxy leave behind costs related to our 
baseload resource retirements as estimated from the MISO studies.  We applied these costs 
in the modeling as soon as the resource is retired, over a three-year period, to reflect the 
estimated local transmission reinforcement costs assumed to be required upon retirement.  
All numbers below are in real dollar terms ($2020). 

• King: $48 million 

• Sherco 3: $48 million 

• Monticello: $96 million 

• Prairie Island 1: $96 million 

• Prairie Island 2: $96 million 
 
K. Surplus Capacity Credit 
 
The surplus capacity credit of up to 500 MW is applied for all twelve months of each year 
and is priced at the avoided capacity cost of a generic brownfield H-Class combustion 
turbine on an economic carrying charge basis. 
 

Table 10: Surplus Capacity Credit 
 

 
 
L. Effective Load Carrying Capability (ELCC) Capacity Credit for Wind, Solar, 

and Battery Resources 
 
The ELCC for existing wind units is based on current MISO accreditation. The ELCC for 
generic wind is equal to 16.7 percent of their nameplate rating per MISO 2020/2021 Wind 
Capacity Report. The ELCC for generic solar is based on the values provided in MISO’s 

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

$/kw-mo 4.57 4.66 4.75 4.85 4.95 5.05 5.15 5.25 5.35 5.46 5.57 5.68 5.80 5.91 6.03 6.15 6.27 6.40 6.53 6.66

2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057

$/kw-mo 6.79 6.93 7.07 7.21 7.35 7.50 7.65 7.80 7.96 8.12 8.28 8.44 8.61 8.79 8.96 9.14 9.32 9.51 9.70 9.89

Surplus Capacity Credit

Northern States Power Company 
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Transmission Energy Planning Report 2019, (MTEP) in Appendix E,1 and is 50 percent of 
the AC nameplate capacity through 2023, declining 2 percent annually to 30 percent by 
2033 where it remains for the remainder of the forecast period. The ELCC assigned for a 
generic 4-hour battery is equal to 100 percent of the alternating current (AC) equivalent 
capacity.  The ELCC used for hybrid options are the same as the individual components. 
 
M. Spinning Reserve Requirement  
 
Spinning reserve is the online reserve capacity that is synchronized to the grid to maintain 
system frequency stability during contingency events and unforeseen load swings.  The 
level of spinning reserve modeled is 137 MW and is based on a 12-month rolling average of 
spinning reserves carried by the NSP System within MISO.  
 
N. Emergency Energy 
 
Emergency energy is used to cover events where there are not enough native resources or 
market purchase energy.available to meet system energy requirements. In Encompass, we 
use the default value of $10,000/MWh.  Emergency energy is a “soft constraint” in 
EnCompass modeling that allows emergency energy to “dispatch” as a last resort resource, 
in order for the model to find a feasible solution.  The EnCompass price is set to a high 
level to ensure that all other available resources – including those that may have a very high 
effective $/MWh cost resulting from startup costs spread over a very small required run 
time – are utilized before emergency energy.   
 
O. Transmission Delivery Costs and Interconnection Costs 
 
Transmission delivery costs for generic resources were developed by the Company. They 
are based on evaluation of recent and historical MISO studies and queue results.  These 
costs represent “grid upgrades” to ensure deliverability of energy from these facilities to the 
overall bulk electric system.  
 
We note additionally that interconnection costs for generic resources are included in the 
costs provided in Part U of this Appendix and represent “behind the fence” costs 
associated with substation and representative gen-tie construction. 
 
  

 
1 Available at: https://cdn.misoenergy.org//MTEP19%20Appendix%20E-Futures%20Assumptions382958.pdf 

Northern States Power Company 
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Table 11: Transmission Delivery Costs 
 

 
 

In the Alternate Plan, we propose to build transmission tie-lines from Sherco and King 
sites that can interconnect incremental wind and resource resources. The total costs of the 
tie lines include capital costs plus VAR support such as installing synchronous condensers 
and series compensation of the lines; and while these are general cost estimates and subject 
to change as we would undertake detailed project design, they are in line with the 
Company’s experience on other projects. The total capacities of generator reuse are based 
on the existing interconnection rights at Sherco and King. 
 

Table 12: Sherco and King Gen-tie Assumptions 
 

 Total Costs (in 2021 Dollars) Interconnection Rights 

Sherco gen-tie $528 million 1996 MW 

King gen-tie $ 36 million 591 MW 

 
Table 13: Retiring Coal Units and Selection Windows for Gen-tie Resources 

 

Retiring Unit Open 
Interconnection 

Modeled 
Replacement 
Resource 
Window 

Replacement Resources 
Allowed 

Sherco 2 720 MW 2024-2026 Solar only 

Sherco 1 710 MW 2027-2029 Solar, and Wind + ~400 
MW of CTs (2028-2029) 

Sherco 3 566 MW 2030-2032 Solar + Wind 

AS King 591 MW 2028-2030 Solar only 

 
P. Integration and Congestion Costs  
 
Integration costs are taken from studies conducted by Enernex and apply to new wind and 
solar resources only.  Congestion costs were not included in the model.  
 
  

CC CT Wind Solar

$/kw 500 200 500 200

Transmission Delivery Costs

Northern States Power Company 
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Table 14: Integration Costs 
 

 
 
Q. Distributed Generation and Community Solar Gardens 
 
The distributed solar and Community Solar Gardens inputs are based on the most recent 
Company forecasts. Distributed Solar is modeled assuming a degradation of half a percent 
annually in generation.  Community Solar Gardens are modeled assuming a degradation of 
half a percent annually in generation, and a twenty-five-year service life.  After a “vintage” 

Year Wind Solar

2018 0.00 0.00

2019 0.00 0.00

2020 0.41 0.41

2021 0.42 0.42

2022 0.43 0.43

2023 0.44 0.44

2024 0.45 0.45

2025 0.46 0.46

2026 0.47 0.47

2027 0.48 0.48

2028 0.49 0.49

2029 0.49 0.49

2030 0.50 0.50

2031 0.51 0.51

2032 0.53 0.53

2033 0.54 0.54

2034 0.55 0.55

2035 0.56 0.56

2036 0.57 0.57

2037 0.58 0.58

2038 0.59 0.59

2039 0.60 0.60

2040 0.62 0.62

2041 0.63 0.63

2042 0.64 0.64

2043 0.65 0.65

2044 0.67 0.67

2045 0.68 0.68

2046 0.69 0.69

2047 0.71 0.71

2048 0.72 0.72

2049 0.74 0.74

2050 0.75 0.75

2051 0.77 0.77

2052 0.78 0.78

2053 0.80 0.80

2054 0.81 0.81

2055 0.83 0.83

2056 0.84 0.84

2057 0.86 0.86

Integration Costs ($/MWh)

Northern States Power Company 
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of additions reach end of life, it is assumed 90% of the capacity is replaced at then-current 
costs.   
 

Table 15: Distributed Solar Forecast  
 

 
 
R. Owned Unit Modeled Operating Characteristics and Costs 
 
Company owned units are modeled based upon their tested operating characteristics and 
projected costs. Below is a list of typical operating and cost inputs for each company 

Year
Solar 

Rewards

Community 

Gardens
Total

2018 29 246 274

2019 61 504 565

2020 80 658 738

2021 95 714 809

2022 109 787 897

2023 123 841 964

2024 138 852 989

2025 152 853 1,005

2026 166 854 1,020

2027 180 855 1,035

2028 194 857 1,050

2029 208 858 1,066

2030 222 859 1,080

2031 236 860 1,095

2032 249 861 1,110

2033 263 862 1,125

2034 276 863 1,140

2035 290 864 1,154

2036 303 866 1,169

2037 317 867 1,184

2038 330 868 1,198

2039 343 869 1,212

2040 357 870 1,227

2041 370 871 1,241

2042 383 869 1,252

2043 396 852 1,247

2044 409 830 1,239

2045 421 818 1,239

2046 434 814 1,248

2047 447 808 1,255

2048 460 805 1,264

2049 472 805 1,277

2050 491 806 1,297

2051 504 807 1,311

2052 518 808 1,326

2053 531 809 1,340

2054 545 810 1,355

2055 559 811 1,369

2056 572 812 1,384

2057 586 812 1,398

Distributed Solar (Nameplate MW)

Northern States Power Company 
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owned resource.  

a. Retirement Date  
b. Maximum Capacity 
c. Current Unforced Capacity (UCAP) Ratings 
d. Minimum Capacity Rating 
e. Seasonal Deration 
f. Heat Rate Profiles 
g. Variable O&M 
h. Fixed O&M 
i. Maintenance Schedule  
j. Forced Outage Rate 
k. Emission rates for SO2, NOx, CO2, Mercury and particulate matter (PM) 
l. Contribution to spinning reserve 
m. Fuel prices 
n. Fuel delivery charges 

 
S. Thermal Power Purchase Agreement (PPA) Operating Characteristics and 

Costs  
 
PPAs are modeled based upon their tested operating characteristics and contracted costs. 
Below is a list of typical operating and cost inputs for each thermal PPA. 

a. Contract term  
b. Maximum Capacity 
c. Minimum Capacity Rating 
d. Seasonal Deration 
e. Heat Rate Profiles 
f. Energy Schedule 
g. Capacity Payments 
h. Energy Payments 
i. Maintenance Schedule  
j. Forced Outage Rate 
k. Emission rates for SO2, NOx, CO2, Mercury and Particulate Matter 
l. Contribution to spinning reserve 
m. Fuel prices 
n. Fuel delivery charges 

 
 
  

Northern States Power Company 
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T. Renewable Energy (PPAs and Owned) Operating Characteristics and Costs 
 
PPAs are modeled based upon their tested operating characteristics and contracted costs. 
Company owned units are modeled based upon their tested operating characteristics and 
projected costs. Below is a list of typical operating and cost inputs for each renewable 
energy unit.  

a. Contract term 
b. Name Plate Capacity 
c. Accredited Capacity  
d. Annual Energy 
e. Hourly Patterns 
f. Capacity and Energy Payments 
g. Integration Costs  

 
Wind and solar hourly patterns are developed through a “Typical Meteorological Year” 
process where individual months are selected from the years 2017-2019 to develop a 
representative typical year. Actual generation data from the selected months is used to 
develop the profile for each unit.  For units where generation data is not complete or not 
available, data from a nearby similar unit is used. 
 
U. Generic Assumptions 
 
Generic resources are modeled based upon their expected operating characteristics and 
projected costs. Generic thermal costs are developed by the Company. For the modeling of 
our Alternate Plan, we also added cost and operational assumptions for smaller 
reciprocating engines and aeroderivative turbines that support black start. Generic 
renewable and battery costs are from National Renewable Energy Laboratory’s 2019 
Annual Technology Baseline data.  Utility-scale wind and solar costs shown below include 
transmission costs from Table 11, while distributed solar costs do not. 
 
In addition to base cost data for renewables, low and high costs are used for various 
sensitivities.  Low and high wind, solar, and battery costs are based on the National 
Renewable Energy Laboratory’s 2019 Annual Technology Baseline data.   
 
The costs for wind and solar in base, low and high levels are now updated to incorporate 
recent federal extensions to the Production and Investment Tax Credit. The costs of wind 
and solar resources selected to replace the interconnection capacity of Sherco and King are 

Northern States Power Company 
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calculated based on the Company’s owned revenue requirements under current tax law2 
and remove incremental transmission costs (as the gen-tie costs are already accounted for 
elsewhere in the model). For the capacity above the interconnection threshold at Sherco 
and King, we consider them as PPA resources and apply the costs from the National 
Renewable Energy Laboratory’s 2019 Annual Technology Baseline data without incremental 
transmission costs (shown in Table 24).  
 
Below is a list of typical operating and cost inputs for each generic resource.  
 
Thermal 

a. Retirement Date 
b. Maximum Capacity 
c. UCAP Ratings 
d. Minimum Capacity Rating 
e. Seasonal Deration 
f. Heat Rate Profiles 
g. Variable O&M 
h. Fixed O&M 
i. Maintenance Schedule  
j. Forced Outage Rate 
k. Emission rates for SO2, NOx, CO2, Mercury and PM 
l. Contribution to spinning reserve 
m. Fuel prices 
n. Fuel delivery charges 

 
Renewable 

a. Contract term 
b. Name Plate Capacity 
c. Accredited Capacity  
d. Annual Energy 
e. Hourly Patterns 
f. Capacity and Energy Payments 
g. Integration Costs  

 
 

 
2 We already use the Company’s general financing assumptions in our evaluation of generic resource costs. Differences between 
generic and owned revenue requirements primarily reflect differences in how the Company is able to utilize ITCs and PTCs, from 
solar and wind projects respectively. Firm dispatchable units included in these tranches of resource additions reflect generic 
pricing, as there is no inherent difference between our assumed revenue requirements for owned dispatchable units vs contracted 
units.   

Northern States Power Company 
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Table 12: Thermal Generic Information (Costs in 2018 Dollars) 
 

 
 

  

Resource Sherco CC Generic CC Generic CT Generic CT Generic CT

Technology 7H 7H 7H 7F 7H

Location Type Brownfield Greenfield Brownfield Brownfield Greenfield

Cooling Type Wet Dry Dry Dry Dry

Book life 40 40 40 40 40

Nameplate Capacity (MW) 835 901 374 232 374

Summer Peak Capacity (MW) 750 856 331 206 331

Capital Cost ($000) 2018$ $837,068 $906,588 $174,700 $114,766 $193,500

Electric Transmission Delivery ($000) 2018$ NA $410,505 NA NA $74,804

Ongoing Capital Expenditures ($000-yr) 2018$ $6,200 $6,200 $1,784 $892 $1,784

Gas Demand ($000-yr) 2018$ $31,725 $19,058 $2,165 $1,342 $2,165

Capital Cost ($/kW) 2018$ $1,002 $1,006 $467 $495 $517

Electric Transmission Delivery ($/kW) 2018$ NA $455 NA NA $200

Ongoing Capital Expenditures ($/kW-yr) 2018$ $7.42 $6.88 $4.77 $3.85 $4.77

Gas Demand ($/kW-yr) 2018$ $37.98 $21.14 $5.79 $5.79 $5.79

Fixed O&M Cost ($000/yr) 2018$ $6,592 $6,592 $1,253 $1,203 $1,253

Variable O&M Cost ($/MWh) 2018$ $1.04 $1.04 $0.99 $1.03 $0.99

Levelized $/kw-mo (All Fixed Costs) $2018 $15.26 $16.06 $5.91 $6.22 $8.06

Summer Heat Rate 100% Loading (btu/kWh) 6,359 6,848 9,264 10,025 9,264

Summer Heat Rate 75% Loading (btu/kWh) 6,547 6,874 9,738 10,581 9,738

Summer Heat Rate 50% Loading (btu/kWh) 6,985 7,334 11,120 12,515 11,120

Summer Heat Rate 25% Loading (btu/kWh) 8,004 8,404 11,558 13,430 11,558

Forced Outage Rate 3% 3% 3% 3% 3%

Maintenance (weeks/yr) 5 5 2 2 2

CO2 Emissions (lbs/MMBtu) 118 118 118 118 118

SO2 Emissions (lbs/MWh) 0.00 0.00 0.00 0.00 0.00

NOx Emissions (lbs/MWh) 0.05 0.05 0.90 0.32 0.90

PM10 Emissions (lbs/MWh) 0.02 0.02 0.03 0.03 0.03

Mercury Emissions (lbs/MMWh) 0.00 0.00 0.00 0.00 0.00

Thermal Generic Information

Northern States Power Company 
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Table 17. New Thermal Unit Information (Costs in 2018 Dollars) 
 

Resource Reciprocating 
Engine 

Aeroderivative 
Turbine 

Book life 30 30 

Nameplate Capacity (MW) 9 30 

Summer Peak Capacity (MW) 9 27 

   

Capital Cost ($000) 2018$ $21,898 $47,818 

Electric Transmission Delivery ($000) 2018$ N/A N/A 

Ongoing Capital Expenditures ($000-yr) 2018$ $16 $457 

Gas Demand ($000-yr) 2018$ N/A N/A 

   

Capital Cost ($/kW) 2018$ $2,433 $1,594 

Electric Transmission Delivery ($/kW) 2018$ NA NA 

Ongoing Capital Expenditures ($/kW-yr) 2018$ $1.74 $15.23 

Gas Demand ($/kW-yr) 2018$ $0.00 $0.00 

   

Fixed O&M Cost ($000/yr) 2018$ $208 $47 

Variable O&M Cost ($/MWh) 2018$ $6.16 $0.63 

Levelized $/kw-mo (All Fixed Costs) $2018 $26.33 $18.52 

   

Summer Heat Rate 100% Loading (btu/kWh) 8,438  10,087  

Summer Heat Rate 75% Loading (btu/kWh) 8,802  10,937  

Summer Heat Rate 50% Loading (btu/kWh) 9,663  13,122  

Summer Heat Rate 25% Loading (btu/kWh) 10,190  15,338  

Forced Outage Rate 3% 2% 

Maintenance (weeks/yr) Varies based on 
fired hours 

Varies based on 
fired hours 

   

CO2 Emissions (lbs/MMBtu) 118 118 

CO Emissions (lbs/MWh) 0.27 0.56 

SO2 Emissions (lbs/MWh) 0.00 0.00 

NOx Emissions (lbs/MWh) 0.18 0.92 

PM10 Emissions (lbs/MWh) 0.00 0.00 

Mercury Emissions (lbs/MMWh) 0.00 0.00 
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Table 18: Renewable Generic Information (Costs in 2018 Dollars) 
 

 
 

Table 139: Storage Generic Information (Costs in 2018 Dollars) 
 

 
  

Resource Wind
Utility Scale 

Solar

Distributed Solar 

Commercial

Distributed Solar 

Residential

ELCC Capacity Credit (%) 16.7%

Capacity Factor 50.0% 22.0% 18.0% 18.0%

Book life 25 25 25 25

Electric Transmission Delivery ($/kW) 500 200 0 0

Renewable Generic Information

50% declines to 30%

Resource Battery

Technology Li Ion

Location Type NA

Book life 40

Nameplate Capacity (MW) 50

Summer Peak Capacity (MW) 50

Storage Volume (hrs) 4

Cycle Efficiency (%) 1

Equivalent Full Cycles per Year 250

Electric Transmission Delivery ($000) 2018$ 0

Levelized $/kw-mo (All Fixed Costs) $2023 $18.18

Storage Generic Information

Northern States Power Company 
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Table 20: Levelized Capacity Costs by Year 
 

 
 

COD
CT - 7H 

Greenfield

CT - 7F 

Brownfield

CT - 7H 

Brownfield
CC

Sherco 

CC

Base 

Battery

Low 

Battery

High 

Battery

2018 $8.06 $6.22 $5.91 $16.06 $15.26

2019 $8.22 $6.34 $6.02 $16.38 $15.56

2020 $8.38 $6.47 $6.15 $16.71 $15.87 $20.04 $17.86 $22.94

2021 $8.55 $6.60 $6.27 $17.05 $16.19 $19.44 $16.81 $23.19

2022 $8.72 $6.73 $6.39 $17.39 $16.51 $18.82 $15.73 $23.45

2023 $8.89 $6.86 $6.52 $17.73 $16.85 $18.18 $14.62 $23.71

2024 $9.07 $7.00 $6.65 $18.09 $17.18 $17.52 $13.47 $23.97

2025 $9.25 $7.14 $6.78 $18.45 $17.53 $16.84 $12.30 $24.24

2026 $9.44 $7.28 $6.92 $18.82 $17.88 $16.63 $11.75 $24.51

2027 $9.63 $7.43 $7.06 $19.20 $18.23 $16.41 $11.18 $24.78

2028 $9.82 $7.58 $7.20 $19.58 $18.60 $16.19 $10.60 $25.06

2029 $10.02 $7.73 $7.34 $19.97 $18.97 $15.95 $10.00 $25.34

2030 $10.22 $7.88 $7.49 $20.37 $19.35 $15.71 $9.38 $25.62

2031 $10.42 $8.04 $7.64 $20.78 $19.74 $15.83 $9.38 $26.06

2032 $10.63 $8.20 $7.79 $21.19 $20.13 $15.94 $9.37 $26.50

2033 $10.84 $8.36 $7.95 $21.62 $20.53 $16.04 $9.36 $26.94

2034 $11.06 $8.53 $8.11 $22.05 $20.94 $16.15 $9.35 $27.40

2035 $11.28 $8.70 $8.27 $22.49 $21.36 $16.26 $9.33 $27.86

2036 $11.50 $8.88 $8.44 $22.94 $21.79 $16.36 $9.31 $28.32

2037 $11.73 $9.05 $8.60 $23.40 $22.23 $16.46 $9.28 $28.80

2038 $11.97 $9.24 $8.78 $23.87 $22.67 $16.56 $9.25 $29.28

2039 $12.21 $9.42 $8.95 $24.34 $23.12 $16.65 $9.21 $29.78

2040 $12.45 $9.61 $9.13 $24.83 $23.59 $16.74 $9.17 $30.27

2041 $12.70 $9.80 $9.31 $25.33 $24.06 $16.83 $9.13 $30.78

2042 $12.96 $10.00 $9.50 $25.83 $24.54 $16.76 $9.00 $30.97

2043 $13.22 $10.20 $9.69 $26.35 $25.03 $16.66 $8.85 $31.12

2044 $13.48 $10.40 $9.88 $26.88 $25.53 $16.55 $8.70 $31.25

2045 $13.75 $10.61 $10.08 $27.42 $26.04 $16.42 $8.53 $31.35

2046 $14.02 $10.82 $10.28 $27.96 $26.56 $16.26 $8.35 $31.41

2047 $14.30 $11.04 $10.49 $28.52 $27.09 $16.08 $8.16 $31.44

2048 $14.59 $11.26 $10.70 $29.09 $27.64 $15.88 $7.95 $31.42

2049 $14.88 $11.48 $10.91 $29.68 $28.19 $15.65 $7.73 $31.35

2050 $15.18 $11.71 $11.13 $30.27 $28.75 $15.39 $7.49 $31.23

2051 $15.48 $11.95 $11.35 $30.88 $29.33 $15.70 $7.64 $31.85

2052 $15.79 $12.19 $11.58 $31.49 $29.91 $16.01 $7.79 $32.49

2053 $16.11 $12.43 $11.81 $32.12 $30.51 $16.33 $7.95 $33.14

2054 $16.43 $12.68 $12.05 $32.76 $31.12 $16.66 $8.10 $33.80

2055 $16.76 $12.93 $12.29 $33.42 $31.75 $16.99 $8.27 $34.48

2056 $17.10 $13.19 $12.54 $34.09 $32.38 $17.33 $8.43 $35.17

2057 $17.44 $13.45 $12.79 $34.77 $33.03 $17.68 $8.60 $35.87

Levelized Capacity Costs by In-Service Year ($/kw-mo)
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Table 21:  Base Renewable Levelized Costs by Year  
 

  
*Distributed Solar costs represent at the meter values before grossing up for losses.  

 

COD Wind

Utility Scale 

Solar

Distributed Solar 

Commercial*

Distributed Solar 

Residential*

2023 $40.91 $46.52 $60.46 $84.12

2024 $36.03 $46.62 $59.99 $81.21

2025 $35.78 $48.51 $62.70 $82.40

2026 $50.28 $53.97 $71.70 $91.23

2027 $50.32 $53.99 $71.00 $87.23

2028 $50.36 $54.01 $70.26 $83.07

2029 $50.41 $54.00 $69.47 $78.75

2030 $50.46 $53.98 $68.64 $74.26

2031 $51.13 $54.60 $69.31 $74.25

2032 $51.81 $55.21 $69.97 $74.23

2033 $52.50 $55.83 $70.64 $74.17

2034 $53.19 $56.45 $71.31 $74.08

2035 $53.89 $57.07 $71.98 $73.96

2036 $54.60 $57.70 $72.65 $73.81

2037 $55.31 $58.32 $73.32 $73.62

2038 $56.03 $58.96 $73.98 $73.40

2039 $56.76 $59.59 $74.65 $73.15

2040 $57.49 $60.23 $75.31 $72.86

2041 $58.23 $60.94 $75.87 $73.52

2042 $58.98 $61.66 $76.42 $74.18

2043 $59.73 $62.38 $76.97 $74.84

2044 $60.49 $63.10 $77.51 $75.49

2045 $61.26 $63.83 $78.04 $76.15

2046 $62.03 $64.57 $78.56 $77.43

2047 $62.81 $65.31 $79.08 $78.73

2048 $63.60 $66.05 $79.58 $80.05

2049 $64.39 $66.80 $80.08 $81.40

2050 $65.19 $67.55 $80.56 $82.76

Levelized Costs by In-Service Year $/MWh (LCOE)

Northern States Power Company 
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Table 22: Low Renewable Levelized Costs by Year  
 

  
*Distributed Solar costs represent at the meter values before grossing up for losses. 

  

COD Wind

Utility Scale 

Solar

Distributed Solar 

Commercial*

Distributed Solar 

Residential*

2023 $36.12 $38.99 $49.46 $82.47

2024 $30.57 $38.49 $48.30 $76.99

2025 $29.69 $39.29 $47.11 $71.34

2026 $43.59 $42.57 $45.87 $65.52

2027 $43.05 $41.82 $44.59 $59.54

2028 $42.55 $41.04 $43.26 $53.38

2029 $42.07 $40.23 $41.89 $47.05

2030 $41.62 $39.40 $40.48 $40.54

2031 $42.10 $39.43 $40.22 $40.29

2032 $42.57 $39.45 $39.94 $40.02

2033 $43.05 $39.46 $39.63 $39.73

2034 $43.53 $39.45 $39.30 $39.41

2035 $44.01 $39.43 $38.95 $39.06

2036 $44.50 $39.59 $38.57 $38.69

2037 $44.98 $39.74 $38.16 $38.29

2038 $45.47 $39.88 $37.72 $37.86

2039 $45.96 $40.01 $37.25 $37.41

2040 $46.45 $40.14 $36.75 $36.92

2041 $46.94 $40.51 $37.10 $37.03

2042 $47.43 $40.89 $37.46 $37.13

2043 $47.92 $41.26 $37.81 $37.22

2044 $48.41 $41.63 $38.17 $37.31

2045 $48.90 $42.01 $37.15 $37.38

2046 $49.40 $42.47 $37.76 $37.91

2047 $49.89 $42.93 $38.38 $38.45

2048 $50.38 $43.40 $39.01 $39.00

2049 $50.88 $43.87 $39.65 $39.55

2050 $51.37 $44.34 $40.30 $40.11

Low Levelized Costs by In-Service Year $/MWh (LCOE)

Northern States Power Company 
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Table 23: High Renewable Levelized Costs by Year  

 
*Distributed Solar costs represent at the meter values before grossing up for losses. 

  

COD Wind

Utility Scale 

Solar

Distributed Solar 

Commercial*

Distributed Solar 

Residential*

2023 $47.16 $50.92 $88.34 $126.50

2024 $43.38 $51.94 $90.11 $129.03

2025 $44.24 $55.12 $91.91 $131.61

2026 $59.88 $62.79 $93.75 $134.24

2027 $61.08 $64.04 $95.63 $136.93

2028 $62.30 $65.32 $97.54 $139.67

2029 $63.55 $66.63 $99.49 $142.46

2030 $64.82 $67.96 $101.48 $145.31

2031 $66.11 $69.32 $103.51 $148.22

2032 $67.43 $70.71 $105.58 $151.18

2033 $68.78 $72.12 $107.69 $154.20

2034 $70.16 $73.56 $109.85 $157.29

2035 $71.56 $75.03 $112.04 $160.43

2036 $72.99 $76.53 $114.28 $163.64

2037 $74.45 $78.07 $116.57 $166.91

2038 $75.94 $79.63 $118.90 $170.25

2039 $77.46 $81.22 $121.28 $173.66

2040 $79.01 $82.84 $123.70 $177.13

2041 $80.59 $84.50 $126.18 $180.67

2042 $82.20 $86.19 $128.70 $184.29

2043 $83.85 $87.91 $131.28 $187.97

2044 $85.52 $89.67 $133.90 $191.73

2045 $87.23 $91.47 $136.58 $195.57

2046 $88.98 $93.30 $139.31 $199.48

2047 $90.76 $95.16 $142.10 $203.47

2048 $92.57 $97.06 $144.94 $207.54

2049 $94.43 $99.01 $147.84 $211.69

2050 $96.31 $100.99 $150.79 $215.92

High Levelized Costs by In-Service Year $/MWh (LCOE)

Northern States Power Company 
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Table 24: Sherco and King Gen-tie Renewable Levelized Costs by Year3  
 

 
 

V. Market Purchases and Sales Carbon Rate 
 
In order to estimate emissions rates associated with market purchases, the Company 
assumes an annual average carbon emissions pounds/MWh  rate, as shown in the table 
below. These estimates were developed using MISO’s MTEP Futures modeling results. 

 
3 The costs provided in this table are based on the National Renewable Energy Laboratory’s 2019 Annual Technology Baseline 
data without incremental transmission costs. For the first 2000 MW of renewable additions at Sherco site and the first 600 MW 
of renewable additions at King site, we further adjust costs based on an estimate of the Company’s owned revenue requirements . 

COD Wind

Utility Scale 

Solar Low Wind

Low Utility 

Scale Solar High Wind

High Utility 

Scale Solar

2023 $25.27 $33.71 $20.47 $26.19 $31.51 $38.12

2024 $20.07 $33.56 $14.61 $25.43 $27.41 $38.88

2025 $19.50 $35.19 $13.41 $25.97 $27.96 $41.80

2026 $33.67 $40.38 $26.98 $28.98 $43.27 $49.20

2027 $33.38 $40.14 $26.12 $27.96 $44.14 $50.18

2028 $33.09 $39.87 $25.27 $26.90 $45.02 $51.19

2029 $32.79 $39.58 $24.45 $25.81 $45.92 $52.21

2030 $32.49 $39.28 $23.65 $24.69 $46.84 $53.25

2031 $32.80 $39.59 $23.76 $24.43 $47.78 $54.32

2032 $33.11 $39.91 $23.87 $24.15 $48.73 $55.40

2033 $33.43 $40.22 $23.98 $23.85 $49.71 $56.51

2034 $33.74 $40.53 $24.07 $23.53 $50.70 $57.64

2035 $34.05 $40.83 $24.17 $23.20 $51.72 $58.80

2036 $34.36 $41.13 $24.25 $23.03 $52.75 $59.97

2037 $34.67 $41.43 $24.33 $22.85 $53.81 $61.17

2038 $34.97 $41.73 $24.41 $22.65 $54.88 $62.40

2039 $35.28 $42.01 $24.47 $22.44 $55.98 $63.64

2040 $35.58 $42.30 $24.53 $22.21 $57.10 $64.92

2041 $35.88 $42.65 $24.59 $22.23 $58.24 $66.21

2042 $36.18 $43.00 $24.63 $22.23 $59.41 $67.54

2043 $36.48 $43.35 $24.67 $22.23 $60.59 $68.89

2044 $36.78 $43.70 $24.69 $22.23 $61.81 $70.27

2045 $37.07 $44.04 $24.71 $22.21 $63.04 $71.67

2046 $37.36 $44.38 $24.72 $22.28 $64.30 $73.11

2047 $37.64 $44.71 $24.72 $22.34 $65.59 $74.57

2048 $37.92 $45.05 $24.71 $22.39 $66.90 $76.06

2049 $38.20 $45.37 $24.69 $22.44 $68.24 $77.58

2050 $38.47 $45.70 $24.66 $22.49 $69.60 $79.13

Levelized Costs by In-Service Year $/MWh (LCOE)
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Market sales emissions rates reflect an average emissions rate for our system resources, and 
vary according to each individual scenario and sensitivity capacity expansion portfolio. 

 

Table 25: Market Purchase Carbon Rate 
 

 

 
II. RELIABILITY ANALYSIS – STAKEHOLDER INPUT, ASSUMPTIONS 

AND MODELING SCENARIOS 
 
The Initial Comments submitted by several parties indicated concerns with the Company’s 
approach to analyzing the relative reliability of various potential generation portfolios 
modeled in the June 2020 Supplement. In general, concerns were focused in two areas: 1) 
that such an analysis inappropriately ignored the presence and availability of the MISO 
market; and 2) detailed methodological concerns, i.e. around the generic wind shapes  
chosen for the analysis.   
 
As we outline in Section 2 – Reliability of this Reply there are times when MISO’s import 
capability may not be available, and the number of MISO-declared emergencies has risen in 
the past few years. As such, studying whether the Company has enough available capacity 
to serve its own load for all hours of a year in an hourly chronological dispatch model is 
valuable for our customers. It shows us whether we have the technical capability to cover 
the equivalent of our load with our own resources in the case of severe underavaialbility of 
other resources, and as such is an indication of potential reliability and/or risk concerns4. 
Additionally, while many of the metrics evaluate the ability of the Company’s system 
generation to cover its own load under different constraints,  EnCompass production cost 
modeling underlying this analysis does incorporate purchases and sales. Furthermore, three 
of the metrics evaluated directlyconsider the ability to access resources in the broader 
MISO market, given the relevant transmission constraints.    
 

 
4 Some of the feedback in the Initial Comments from external parties focused on which generation was economic to dispatch 
during different time intervals, instead of the level of available capacity. This focus misses the point of these reliability  analyses, 
which is to evaluate, in an hourly chronological model, whether the company has enough online capacity that it can technically 
serve all of its load with its own resources, should it need to do so for emergency purposes.We believe this provides helpful data 
points for considering comparative reliability between plans.  

 

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

lbs/MWh 1372 1307 1241 1176 1110 1045 1042 1039 1036 1034 1031 1018 1006 993 980 968 955 943 930 917

2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057

lbs/MWh 905 892 880 867 854 842 829 817 804 792 779 766 754 741 729 716 703 691 678 666

Market Purchase CO2 Rate
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The table below outlines the reliability tests conducted in this Reply. We then further 
discuss how we addressed feedback from parties’ Initial Comments and include a definition 
of terms in subsequent sections.  
 

Table 26: Three Scenarios Investigated For Each Capacity Expansion Plan in the 
Reliability Analysis 

 

Scenario Battery 

Forced 

Outage 

Rate 

(Percent) 

Shapes for 

Generic 

Wind Units 

All Other 

Assumptions 

 

TMY Hourly Load & Generation 

 

0 

 

TMY 

No change from 

those used in the 

June 2020 

Supplement    

 

2019 Actual Hourly Load & 

Generation (Low End of Range) 

 

0   

Same as the 

Reliability 

Analysis in 

the IRP 

Supplement 

No change from 

those used in the 

June 2020 

Supplement 

 

2019 Actual Hourly Load & 

Generation (High End of Range) 

 

5 

 

“Highest” 

Observed 

NCF 

No change from 

those used in the 

June 2020 

Supplement 

 
A. Response to methodological feedback  
 
Regarding methodological concerns about the reliability analysis, we examined the feedback 
provided in the Initial Comments and discuss our findings below. Additionally, the 
Company adds a few concerns and updates as well.   
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Table 27: Reliability Analysis Initial Comments Topics 
Concern raised How the Company addresses this concern in this Reply   

Intervenor plans had not 
been evaluated using actual 
2019 hourly load data 

The CEO’s and Sierra Club’s Preferred Plans were tested with the 
2019 actual hourly load and renewable shapes in addition to TMY 
shapes. Results appear in Section 4 of this Reply, in Table 4-14. 

Capacity factors for wind 
and solar generic units were 
too low  

CEO Initial Comments indicated a concern with the net capacity 
factor (NCF) assumption for generic wind units in some of reliability 
scenarios in the IRP Supplement. In particular, the concern was that 
for the 2019 actual year conditions, the generic unit wind NCF was 
significantly lower than what the Company used in its standard PVSC 
and PVRR production cost modeling. Since a main objective of the 
reliability analysis was to test each plan with different, “non-TMY” 
hourly data, the NCFs will differ by default. 

However, to address this concern, as a “bookend” reflecting the best 
possible outcome, we used the highest observed wind NCF for the 
year 2019 for the shape of all generic wind resources in a set of 
reliability runs. These runs complemented another set of runs with 
the original wind NCF chosen. Where results between the two sets of 
runs differ in Table 4-14 in Section 4, a range is now presented. 

No changes are made to the choice of solar shape used in “2019 
Actual Hourly Load and Generation” scenarios. This is because the 
reliability analysis provided in the IRP Supplement was already using 
the solar unit with the highest observed solar NCF for the year 2019. 

The Demand Response 
resource contains an extra 
cost adder 

The Company’s response to CEO IR-130 describes why this 
approach was taken in our modeling. This adder is discussed further 
below; we do not remove it from the EnCompass models we used to 
conduct the main reliability analysis.5 

  

 
5 While removing this adder certainly increases DR dispatch throughout the modeled year, it does not largely impact the reliability 
results because most of the reliability analysis deals with the level of available capacity relative to our demand, not the level or type 
of generation actually dispatched. Since EnCompass considers DR to be available capacity in scenarios both with and without the 
DR cost adder, changing this setting does not alter the number or characteristics of capacity shortfalls. Some of the feedback in 
the Initial Comments from external parties focused on which generation was economic to dispatch during different time intervals, 
instead of the level of available capacity. This focus misses the point of these reliability analyses, which is to evaluate, in a hourly 
chronological model, whether the company has enough online/available capacity that it can technically serve all of its load with 
its own resources. 

Northern States Power Company 
 
 

Case No. PU-23-____ 
Exhibit___(FLM-1), Schedule 5 

Page 32 of 35 



Xcel Energy  Docket No. E002/RP-19-368 
  Appendix A:  Modeling Assumptions & Inputs 

 

June 25, 2021  2020-2034 Upper Midwest Resource Plan 
  Page 33 of 35 

   

Concern raised How the Company addresses this concern in this Reply   

All generic wind and solar 
units use the same shape 

The concern expressed in the Initial Comments was that using the 
same NCF shape for all generic units may impact the reliability 
analysis by underrepresenting the benefits of geographic diversity. 
Using the Sierra Club’s Preferred Plan we randomly simulated 
generic unit wind shapes for the entire year of 2034 and conducted 
50 separate production cost runs for the month of December. We 
evaluate the reliability results for each run in the footnote below.6 
The results of the simulation do not differ greatly from our “high” 
and “low” interval estimates we show for the Sierra Club Preferred 
Plan in Table 4-14 of Section 4. In some cases the simulated shapes 
perform better on average, in other cases worse or in between our 
“high” and “low” interval estimates. Simulating wind shapes for only 
8 generic wind units for only a single year produced a large volume of 
data; based on the results of this exercise its not yet clear that 
simulated data in and of itself produces different or better outcomes 
for this analysis. 

Hours with high amounts of 
MISO imports may not 
signify a reliability issue, but 
rather an economic issue 

We appreciate this feedback and modified our metric in response. 
The metric now studies the amount of MISO market purchases only 
during hours in which a capacity shortfall is occurring. In this way, it 
more appropriately represents periods in which Company would not 
have access to sufficient capacity regardless of dispatch economics. 
We examine the number of hours in which MISO imports are within 
5 percentof the 2,300 MW import limit to indicate reliability risk.   

 
  

 
6 The table below includes sample reliability results for the 50 production cost runs with simulated wind shapes for generic wind 
units, compared to the reliability results from using observed 2019 wind shapes for generic wind units. The least reliable plan in 
each category is underlined and in bold. We note that that there is not a systematic trend or change in overall outcome associated 
with varying the wind shapes. 

 Number of Native 
Capacity Shortfalls 

Average Shortfall 
Intensity (MW) 

Peak Capacity 
Shortfall (MW) 

Longest 
Shortfall (Hrs) 

Sierra Club Preferred Plan -  Using 
Different Observed 2019 Wind Shapes 

 
7-9 

 
407-448 

 
1,281 – 1,683 

 
3-4 

Sierra Club Preferred Plan -  Average 
of Results from 50 Runs with Simulated 
Wind Shapes 

4 664 1,534 6 
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Concern raised How the Company addresses this concern in this Reply   

High net load ramps may 
not signify a reliability issue, 
but rather a economic issue   

Feedback from intervenors indicated a focus on which resources 
were actually dispatched during net load ramps, whereas our 
intention with this metric is to study whether the Company has 
enough available capacity that it could theoretically meet the entire 
ramp with its own resources. This is discussed further in the footnote 
below7. No change was made this metric for the reliabilyt analysis 
included in Section 4 of this Reply.  

LOLH and EUE were not 
examined using stochastic 
analysis 

In Initial Comments, parties claimed that that these metrics were less 
meaningful because these events are most typically recorded at the 
ISO/RTO level and because they “are based on deterministic and 
not stochastic simulations with enough iterations to demonstrate 
convergence.”8 The Company disagrees with this interpretation. 
These metrics can be also be used to provide important information 
about future plans, including moments when it might be most at risk 
even with the availability of RTO/ISO resources. Additionally 
LOLH and EUE calculations do not necessarily need to be stochastic 
simulations to provide meaningful insights and context. As one 
example, the ELCC update made by the Company for the most 
recent Public Service Company of Colorado Energy Resource Plan 
uses historical observed data, which fully preserves the hourly 
relationship between load and resource variability that has occurred 
in recent years. While simulations of hourly load can also provide 
helpful information, the ability of each plan to meet all hourly 
electrical needs during conditions the Company faced recently is an 
appropriate basis for measuring reliability.  

Lack of forced outage rate 
(FOR) assumption for 
batteries 

While not raised by intervenors, we determined that it would be 
appropriate to examine a 5 percent FOR to batteries in “Battery 
FOR” scenarios in Table 4-14 in Section 4. We note that batteries 
were the only resource assigned a UCAP of 100 percent, or in other 
words, a 0 percent FOR. Given the amount of standalone storage 
and hybrid solar and storage units selected in several plans, we 
examine a FOR similar to that of other dispatchable generation. 

 
  

 
7 Net load ramps help us evaluate potential hourly chronological reliability risks, rather than just examining a total number of 
hours a native capacity shortfall could be expected to occur. Whether EnCompass dispatches available capacity or imports it from 
MISO during the actual reliability test is irrelevant to the test; we are simply examining the relative ability of given plans to meet 
the steepest net load ramp with native resources, if this became necessary. Given recent net load ramp events observed in MISO 
– like the April 2021 event discussed in the Reliability section – and CAISO’s inclusion of Flexible Ramp requirements – we 
believe it is appropriate to examine this metric. This is especially true because it is possible that – as more variable generation is 
adopted across MISO – other load-serving entities in the MISO region may be relying on the market at the same time.    
8 EFG Attachment to CEO Initial Comments 15-21, submitted February 11, 2021. Page 31. 
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B. Characteristics studied in the reliability analyses  
 
Native Capacity Shortfall: A count of the hours when Company does not have enough 
available/online generation capacity to cover its full need. As outlined in Section 4, we 
believe it is important to examine the ability of different plans to cover our full load under 
a variety of assumptions. This metric looks at the amount of available capacity that that 
Company has each hour, versus the demand for that hour. Regardless of whether available 
capacity is dispatched for that hour, this metric reveals whether the Company has enough 
available capacity to even be capable of covering its full load if needed. 

Average Intensity of Shortfall Events: On average, the amount of native capacity – in 
MW – by which the plan was short during native capacity shortfalls. 

Peak Capacity Shortfall: The maximum amount of native capacity – in MW – by which 
the plan was short during an hour of the modeled year. 

Longest Shortfall: This is longest period of time – in hours – in each plan where there is 
insufficient native capacity available to serve the Company’s load. 

Max 3 Hour Upward Ramp: Maximum three-hour net load ramp observed by each 
scenario, where net load equals load minus renewable generation. This ramp is compared 
against the amount of other available/online generation the Company has at each given 
hour. The objective of this metric is to see whether the Company simply has enough 
generation capacity available to serve a rapid increase in net load with its own resources, 
regardless of whether those resources are ultimately dispatched by the model. See footnote 
7 for a further discussion. 

LOLH and EUE: Standard industry metrics - Loss-of-Load Hours and Expected 
Unserved Energy  – that quantify the number of hours with loss of load and the amount of 
energy “unmet.” These occur when there is not enough energy – etiher generated or 
imported by the Company – to provide power to all customers we serve.   
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