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APPENDIX K: DETAILED ANALYSIS SECTION

This Appendix contains the support and approach for the analysis discussed in Section V of
Minnesota Power’s 2021 Integrated Resource Plan (*2021 IRP”). This appendix is broken into
two sections:

1. Screening of Power Generation Alternatives

2. Additional Analysis further supporting Minnesota Power’s preferred plan (“2021 Plan”)
a. Additional Results for the Capacity Expansion Plan Analysis (Step 1)
b. Additional Results for “Swim Lane” Sensitivity Analysis (Step 2)

Due to time constraints with onboarding the new EnCompass modeling for the February 1
submittal, Minnesota Power will be providing a supplement to Appendix K that includes the
remaining environmental futures that will include the Low Environmental Cost, High
Environmental Cost and Low Carbon Regulation Cost and Low Environmental Cost insights for
the Swim Lane analysis.

Screening of Power Generation Alternatives

This section explains how Minnesota Power (or the “Company”) screened generation and
supply side alternatives to be included in the expansion plan modeling using the EnCompass
model. This was a necessary first step due to limitations in the number of alternatives the
EnCompass model can evaluate simultaneously in the Capacity Expansion analysis. However,
with the expanded capabilities of EnCompass, the Company was able to model more resource
alternatives than what was capable with Strategist. For the 2021 IRP, Minnesota Power
continued the precedent set in prior IRPs to consider a number of new and emerging generation
resources in addition to mature technologies.

Consistent with the Minnesota Power’s EnergyForward strategy, only carbon-minimizing or
carbon-free energy resources were considered as viable power generation alternatives. These
supply side and demand side resource options include renewable resources, energy efficiency,
energy storage technologies, hydrogen capable natural gas-fired technologies, nuclear, and
carbon dioxide (“CO2") sequestration technology combined with a mature coal-fired technology.

The power supply alternatives Minnesota Power considered represent a diverse range of
generation technologies including traditional baseload, intermediate and peaking options, as
well as renewable generation and energy storage. In order to compare technologies with similar
operational characteristics through an initial screening process, the alternatives were organized
into three primary generation categories — Baseload/Intermediate, Peaking, and
Renewable/Storage/Energy Efficiency.

Intermittent renewable resources like solar and wind are typically must-take energy,
meaning when the wind is blowing or the sun is shining, this energy needs to be allowed onto
the system. This is accomplished by using dispatchable resources such as coal and natural gas
to either increase or decrease their generation to allow more renewables on the system or
replace renewable energy when not available. Because wind has a variable generation pattern,
dispatchable generation needs to be available to respond to changes in wind generation 24-
hours a day. Such changes can occur overnight, when demand is low, or during the peak time
of the day, as customer demand is quickly increasing.

Renewable technologies can vary in their capabilities; however, they are largely intermittent
and cannot be called upon when needed, except with the integration of energy storage. With the
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onset of energy storage and continued improvements in technology, when coupled with energy
storage it can change the renewable energy production profile to mimic a dispatchable resource
such as peaking and combined-cycle gas generation. As Minnesota Power transitions the power
supply to 100 percent carbon-free energy it will be critical to continue monitoring advancements
in combining renewables with storage, and evaluating how it could be used to meet the energy
needs of customers. Absent of energy storage, renewable generation typically has a capacity
factor between 20 and 55 percent, depending on type of technology and regional climate factors

Typically, a baseload generation resource is used to supply energy to customer load that is
constant (such customer demand is commonly referred to as “base load”). Because a constant
supply of generation is needed, energy production with a low variable cost is a general
trademark of a baseload generation resource, such as coal or nuclear generation. A baseload
generation resource produces electricity 7 days a week, 24 hours a day, to meet the base
requirements and provide system reliability. In Figure 1 below, the “Baseload” area of the graph
represents the energy served by baseload generation. Baseload generation resources typically
have a capacity factor between 50 to 80 percent.

As load requirements increase throughout a typical day, intermediate generation resources
are relied upon to supply the next step up in load requirements. In addition to energy production
cost with moderate variable cost, operational flexibility is another important characteristic of an
intermediate generation resource such as a combined cycle (“CC”) unit, giving this type of
resource the flexibility to dispatch around renewable generation. The typical operation for an
intermediate generation resource is to produce energy over the course of 10 to 16 peak energy
demand hours during the day and produce no energy overnight, as shown in Figure 1. With the
recent trend in low natural gas prices, intermediate generation has operated more like a
baseload type resource for short periods of time in some areas of the country. Like baseload
generation resources, intermediate generation resources typically have a high capacity factor
between 30 to 65 percent.

During peak load hours when all baseload and intermediate generating capacity are already
producing energy for customers, peaking generation resources and demand response are used
to fulfill the remaining power supply requirements. Peaking generation, such as a combustion
turbine or aero derivative, is typically characterized by very flexible operations with high variable
costs. The typical operation for a peaking generation resource is to produce energy for short
periods of time ranging from 1 to 4 hours, as shown in Figure 1. Demand response can also
offset a portion of the peaking energy requirements, providing a carbon-free resource to reduce
customer demand during peak demand periods. Peaking generation resources typically have a
capacity factor between 5 and 20 percent.

Demand response resources, like central air conditioning (“CAC”), electric hot water heater
(“HW™) peak-shaving programs, or industrial demand response with curtailable hours for
economic (i.e. Minnesota Power’s Demand Response Product B), are only effective when that
demand is present. CAC is only effective at reducing peak load during the summer months
because utilization of air conditioning units is effectively zero during the winter months in
northern Minnesota. HW peak-shaving programs can only be used in conjunction with electric
hot water heaters, which limits the potential base of customers because households with natural
gas hot water heating are unable to participate. Demand timing for most residential hot water
systems is not often correlated to peak hours and so the effectiveness of HW programs at
reducing peak demand is diminished. A benefit to industrial demand response is that it is
typically available during all seasons and is effective at reducing a large volume during a peak
or emergency event. CAC and HW peak-shaving programs have characteristics that make them
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similar to peaking resources, but are only available when the devices controlled are in demand
due to weather or typical usage patterns.

Battery (energy) storage technologies have unique characteristics that closely resemble
those of peaking resources with some exceptions. Energy storage technologies must be
charged prior to being called upon and charging times differ between energy storage
technologies. Storage discharge is an inverse function of both time and magnitude — more
energy can be released for a shorter amount of time or less energy can be released for a longer
time depending on present needs. These characteristics make storage resources appear similar
to peaking resources.

Minnesota Power notes with the increase in renewables seen today and expected to
continue, the role traditional generation resources had typically provided in the past will continue
to evolve. For example, with Minnesota Power moving Boswell Energy Center (“BEC”) Unit 3
(“BEC3”) to economic dispatch operations its energy characteristics will mimic those of a CC
generation unit. Coal generation is not as flexible as CC generation — the technology limits it
ability to turn on and off for a day, but it is capable of running for a couple of days and coming
offline during periods of low demand or high renewable production. It is evident to Minnesota
Power that having a flexible and dispatchable portfolio will be important to compliment
renewables as new technologies develop and advance.

Figure 1 shows a load curve for a representative day (24 hours) and how different types of
generation resources are generally dispatched to meet load requirements and to balance
intermittent renewable generation.

Figure 1: Representative load generation curve

Demand Respons a>-\
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The following list contains the set of resource technologies that were considered in the initial
screening process.
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New Thermal or Combustion Generation
3. Baseload Generation
4. Nuclear
5. 165 MW Small Modular Reactor (“Nuclear SMR”)
6. Coal-Fired with Carbon Capture
7. 391 MW Supercritical Pulverized Coal (“SCPC w/ Carbon Capture”)

Natural gas-fired

8. Peaking

0 280 MW Hydrogen Ready Simple Cycle Gas Turbine — Combustion Turbine (“SC
GT")

0 114 MW Simple Cycle Aero Derivative (“SC Aero 114MW”)
0 48 MW Simple Cycle Aero Derivative (“SC Aero 48MW")
o 110 MW Simple Cycle Reciprocating Internal Combustion Engine (“RICE”)
9. Intermediate
o 591 MW Hydrogen Ready Combined Cycle Gas Turbine (“1x1 CCGT")
Renewable Generation
Dispatchable generation
10. 50 MW Biomass (“Biomass”)
Intermittent generation
11. 100 MW Wind (“Wind")
12. 100 MW Photovoltaic Solar (“Solar”)
Energy Storage

Batteries
13. 100 MW / 400 MWh Lithium lon Battery (“4 Hr Li-ion Storage”)
14. 100 MW / 800 MWh Lithium lon Battery (“8 Hr Li-ion Storage”)
15.100 MW / 1,200 MWh Flow Battery (“12 Hr Flow Storage”)
16. Other Storage Technologies

17. 200 MW / 2,000 MWh Pumped Storage Hydroelectricity (“10 Hr Pumped Hydro
Storage”)

18. 200 MW / 1,600 MWh Adiabatic Compressed Air Energy Storage (“8 Hr Compressed Air
Storage”)

Demand-Side Management and Conservation

Minnesota Power remains a state leader in the successful implementation of its
conservation programs, and exceeding the 1.5 percent requirement established by Minnesota’s
Next Generation Energy Act of 2007 for the last decade. All historic and planned conservation
impacts that exceeded the energy savings requirement are being reflected in Minnesota
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Power’s 2020 Annual Electric Utility Forecast Report and associated energy and demand
forecasts. In addition to the conservation programs assumed in the load forecast, incremental
efficiency above the approximate 2.5 percent approved in the Company’s recent Conservation
Improvement Program Triennial Plan (Docket No. E015/CIP-20-476) and peak shaving or
demand response alternatives were also considered in Minnesota Power’s 2021 IRP.

19. Incremental Energy Efficiency (“EE High Scenario” and “EE Very Scenario”)

The economic feasibility of demand side management alternatives cannot be compared on
the same $/MWh basis as new generation alternatives for a screening assessment. The
industrial demand response and residential/commercial peak shaving programs were evaluated
against supply-side options in later Capacity Expansion Analysis using the EnCompass model.

20. Central Air Conditioning (“CAC”) Cycling Peak Shave Program

21. Electric Hot Water Heater (“HW") Cycling Peak Shave Program

22. Industrial Demand Response Product B — Long Term Capacity with Firm Load Control

23. Industrial Demand Response Product D — Long-Term Emergency Capacity
Screening Analysis Results

The screening analysis was completed by developing and comparing a levelized busbar
cost of each resource over a 20-year period. The levelized busbar approach is a simple and
effective method to screen generation alternatives for consideration in expansion planning by
removing the higher cost alternatives. The levelized busbar cost for each power generation
alternative included estimated capital, transmission, operation and maintenance (fixed and
variable), and fuel costs. Busbar costs for resources were compared with the mid carbon
regulation cost in the Reference Case Scenario ($15.00/ton starting in 2025). As previously
discussed, the alternatives were organized into three primary categories for screening purposes
— Baseload/Intermediate, Peaking, and Renewable/Storage/EE. All of the alternatives were then
grouped based on these primary categories with the purpose of selecting the most cost-
competitive resources for further evaluation in the expansion plan process. Figures 2 — 4 show
the $/MWh levelized busbar cost comparison by category. Tables 1 — 3 show the alternative net
plant cost in 2021$/kW. The busbar cost is shown over a range of assumed capacity factors for
each resource alternative assuming a 7.0639 percent discount rate and a 2021 in-service date.
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Figure 2: Baseload/Intermediate Alternatives 20-year Levelized Busbar Cost
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Table 1: Baseload/Intermediate Alternatives Net Plant Cost, 2021$/kW
[TRADE SECRET DATA BEGINS

Generation Alternative

Net Plant Cost

2021$/kW

TRADE SECRET DATA ENDS]

The 1x1 CC represented the lowest levelized busbar cost across all capacity factors for the
baseload/intermediate generation resource alternatives. Additionally, nuclear generation face
some development risk at both the state and the national levels due to waste storage. Based on
the screening results of the baseload/intermediate alternatives, the 1x1 CC alternative was
carried forward for further analysis within the EnCompass Capacity Expansion Analysis.
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Figure 3: Peaking Alternative 20-year Levelized Busbar Cost
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Table 2: Peaking Alternative Net Plant Cost, 2021$/kwW
[TRADE SECRET DATA BEGINS

Generation Alternative

Net Plant Cost

TRADE SECRET DATA ENDS]

For peaking resources, the SC GT, also referred to as a combustion turbine, represented
the lowest levelized busbar cost across all capacity factors. The RICE and the SC Aero 114MW
options had the next lowest levelized busbar costs. Based on the screening results of the
peaking alternatives, the combustion turbine, RICE, and SC Aero 114MW options were carried
forward for further analysis within the EnCompass Capacity Expansion Analysis.
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Figure 4: Renewable/Storage/Energy Efficiency Options 20-year Levelized Busbar Cost
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Table 3: Renewable/Storage/Energy Efficiency Options Net Plant Cost, 2021$/kW
[TRADE SECRET DATA BEGINS

Generation Alternative Net Plant Cost
2021%/k

TRADE SECRET DATA ENDS

With the exception of biomass generation and energy storage, the renewable options
represent an intermittent source of power supply. Energy storage is shown at its theoretical max

Minnesota Power's 2021 Integrated Resource Plan Page 8
Appendix K: Detailed Analysis Section



PUBLIC DOCUMENT
TRADE SECRET DATA EXCISED

energy if it were to charge and discharge approximately once a day (“round trip cycle
efficiency”). Therefore, the levelized busbar costs are shown as representative capacity factors
based on expected hourly production curves or round trip cycle efficiency assumptions. The
wind alternative represented the lowest levelized busbar. Solar and High Energy Efficiency
alternatives have the second lowest levelized busbar. Note that the solar busbar cost represents
a generic solar facility; and Minnesota Power included solar located at BEC or another utility
owned site, which takes advantage of existing infrastructure and avoids costly MISO
interconnection cost. The levelized busbar cost of solar located at an existing site is
approximately $10/MWh lower cost than the generic solar. Based on screening results, wind,
solar (generic and located at an existing site), and both energy efficiency scenarios were carried
forward for further analysis within the EnCompass Capacity Expansion Analysis.

Minnesota Power observed that the levelized busbar cost batteries were slightly higher than
the cost of peaking generation shown in Figure 3. Given this observation, the li-ion batteries and
flow batteries were also carried forward for further analysis within the EnCompass Capacity
Expansion Analysis.

The levelized busbar cost is a simple and effective methodology for screening potential
resource alternatives to be considered in greater detail within the EnCompass model. However,
the screening analysis does not show the interaction of long term capacity requirements, utility
load factor, and existing resource mix that also factor into the expansion plan analysis.
Therefore, this screening depicted in Figure 5 is only the first step to determining Minnesota
Power’s 2021 Plan.

Figure 5: Narrowing of Resource Alternatives Modeled in EnCompass
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With the resource alternatives reduced to a manageable level for the EnCompass model,
the focus of this section will transition to the 2021 IRP modeling results that supports the 2021
Plan.
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Additional Analysis that Further Supports Minnesota Power’s 2021 Plan

The intent of this section is to provide further support for Minnesota Power’s 2021 Plan by
providing additional insight into the results from the Steps 1 and 2 discussed in Section V. To
help manage the large amount of data gathered for the study, this section is organized as
follows:

Additional Results for the Capacity Expansion Plan Analysis (Step 1)
Additional Results for “Swim Lane” Sensitivity Analysis (Step 2)
Additional Results for the Capacity Expansion Plan Analysis (Step 1)

This section summarizes the additional results from the Capacity Expansion Analysis for the
other BEC3 & 4 retirement scenarios not shown in Section V. Below is a list of the BEC
retirement scenarios discussed here:?!

1. Retire BEC3 Early as Feasible: BEC3 Retires in 2025

2. Retire BEC4 Early as Feasible: BEC4 Retires in 2030

3. Expedited Retirement of BEC3 & 4: BEC3 retires in 2025 and BECA4 retires in 2030
4

Base Case: no retirement action is taken at BEC

1 Retirement occurs at the end of the year. For example, a 2025 retirement occurs on 12/31/2025.
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A summary of the EnCompass capacity expansion results are shown in Figures 6 through 9.
Note that the resource selections shown below are based on the following futures: the
Reference Case, High Carbon Regulation Cost and High Environmental Costs, and No Carbon
Regulation Costs and No Environmental Costs.?

Figure 6: Capacity Expansion Analysis for Retire BEC3 Early as Feasible: BEC3 Retires in 2025
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2 The Reference Case and High Carbon Regulation Cost and High Environmental Cost are required to be evaluated
as part of the IRP process per the Order Establishing 2020 and 2021 Estimate of Future Carbon Dioxide Regulation
Costs, Docket Nos. E999/CI-07-1199 and E999/DI-19-406 (Sep. 30, 2020). Minnesota Power chose to include a “no
carbon regulation cost and no environmental cost” scenario to provide an additional perspective that captures a
market without a carbon tax.
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Figure 7: Capacity Expansion Analysis for Retire BEC4 Early as Feasible: BEC4 Retires in 2030
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Figure 8: Capacity Expansion Analysis for Expedited Retirement of BEC3-4: BEC3 retires in 2025 and BEC4
retires in 2030
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Figure 9: Capacity Expansion Analysis for Base Case: No BEC Units 3-4 Retirement
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Key Insights from Capacity Expansion Analysis:

e 100 MW to 300 MW of Wind that qualifies for the production tax credit (“PTC") was
selected in nearly all BEC retirement scenarios.

¢ Typically, 100 to 300 MW of solar located at BEC or another utility site was selected
near the time of a BEC retirement.

¢ In the scenario where only BEC3 is retired implementing new transmission solutions to
address reliability issues related to retirement was selected instead of building new gas
generation.

¢ In the BEC4 retirement scenario specifically, gas generation was selected to avoid
building the required significant high kV transmission projects needed to maintain grid
reliability. When only BEC4 retired a 282 MW Hydrogen Ready SC CT was selected and
when BEC3 and BEC4 is retired a 593 MW Hydrogen 1x1 CC is selected

The results from Step 1 helped Minnesota Power develop the new resource additions added
to the 2021 Plan and alternative swim lanes. A summary of the new resource additions that
build upon small coal options for the Preferred Plan and alternative swim lanes is shown in
Figure 10.
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Figure 10: Alternative Power Supply Portfolios ("Swim Lanes") Evaluated in Step 2
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Short-term actions common to all alternative swim lanes include the addition of 200 MW of
wind in 2025. Longer term actions common to all other alternative swim lanes is the addition of
200 MW of solar (located at an existing site) at the time of the first BEC unit retirement.

For the BEC4 retirement scenarios gas generation was added at the time of retirement. For
the BEC4 only retirement scenario a 282 MW SC CT was added, along with transmission
solutions to address reliability issues — note this transmission solution is similar in cost and

scope to the transmission solution for a BEC3 retirement. For the scenario where both BEC3 &
4 are retired, a 593 MW 1x1 CC is added in 2031.

For the scenarios that only retire BEC3 the transmission solution to address reliability issues
was added at time of retirement.

Additional Results for “Swim Lane” Sensitivity Analysis (Step 2)

This section summarizes the additional results from the “Swim Lane” sensitivity analysis for
the remaining environmental futures not shown in Section V. Not all the environmental futures
that are required for resource planning analysis are included in the sensitivity analysis below.
The Company is planning to file a supplemental analysis that includes the remaining

environmental futures. For clarity, here is a list of the environmental futures included here and
what will be included in the supplemental:

February 1 Filing:
o Reference Case Scenario (Shown in Section V)

¢ High Carbon Regulation Cost and High Environmental Cost (Appendix K)
Supplemental Filing:

e Low Environmental Cost
¢ High Environmental Cost

o Low Carbon Regulation Cost and Low Environmental Cost
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For each environmental future, the swim lane alternatives and 2021 Plan were put through a
series of 37 sensitivities that stressed the main drivers for resource decisions. A summary of the
EnCompass sensitivity analysis results are shown in Table 4.

The results of the sensitivity analysis shown below, along with the results from the
Reference Case Scenario shown in Section V, clearly indicates that the 2021 Plan for
customers is least cost across the majority of the sensitivities. The “High Carbon Regulation
Cost and High Environmental Cost” supports the optimal retirement timing for one unit is 2030,
similar to the observation Minnesota Power made in Section V for the Reference Case
Scenario.
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Table 4: Step 2 Sensitivity Analysis - 2021 NPV of Cost for High Carbon Cost and High Environmental Cost

Scenario ($millions)

Single Unit Retirement TM{O Unit
Retirement
2021 Plan Retire BEC3 Retire BEC4 Expedited
Retire BEC3 Early as Early as Retirement of ”DBa:\'e Ca'se ”
e s in 2029 Feasible Feasible BEC3 and 4 Bl s

EnCompass Sensitivities

Base Case $8,302 $8,379
Coal +20% $8,115 $8,143 $8,130 $8,217 $8,199
Coal -10% $8,366 $8,389 $8,361 $8,440 $8,479
Biomass +15% $8,271 $8,289 $8,280 $8,353 $8,380
Biomass -15% $8,299 $8,314 $8,293 $8,371 $8,392
Lower Gas -50% $8,178 $8,212 $8,168 $8,240 $8,265
Low Gas -25% $8,254 $8,286 $8,256 $8,340 $8,350
High Gas +25% $8,414 $8,441 $8,441 $8,500 $8,530
Higher Gas +50% $8,496 $8,519 $8,520 $8,587 $8,614
Highest Gas +100% $8,713 $8,715 $8,741 $8,773 $8,904
Energy Market -50% $6,857 $6,913 $6,903 $7,062 $6,810
Energy Market -25% $7,639 $7,675 $7,679 $7,824 $7,659
Energy Market +25% $8,843 $8,846 $8,834 $8,830 $9,034
Energy Market +50% $9,153 $9,144 $9,121 $9,066 $9,400
Capital Costs -30% $8,276 $8,304 $8,264 $8,306 $8,381
Capital Costs +30% $8,277 $8,308 $8,309 $8,425 $8,377
No Market Sales $8,101 $8,141 $8,118 $8,218 $8,181
No Sales and Purchases $9,975 $10,231 $9,761 $9,885 $10,046
Market Access -50% $8,815 $8,875 $8,722 $8,815 $8,928
Low Interconnect Costs $8,265 $8,290 $8,266 $8,344 $8,379
ITC & PTC Extension $8,276 $8,299 $8,277 $8,360 $8,381
Wind Cost Curve Low $8,277 $8,312 $8,280 $8,372 $8,376
Wind Cost Curve High $8,285 $8,309 $8,284 $8,369 $8,381
Solar Cost Curve Low $8,266 $8,295 $8,273 $8,357 $8,383
Solar Cost Curve High $8,301 $8,322 $8,314 $8,394 $8,377
Storage Cost Curve Low $8,277 $8,300 $8,286 $8,371 $8,382
Storage Cost Curve High $8,277 $8,309 $8,289 $8,370 $8,379
AFR 2020 Low Scenario $7,919 $7,942 $7,947 $8,036 $7,998
AFR 2020 Load w Keetac $8,827 $8,847 $8,770 $8,859 $8,936
AFR 2020 High Scenario $8,863 $8,900 $8,839 $8,915 $8,986
Residential TOU $8,276 $8,296 $8,280 $8,360 $8,370
Higher DG & EV Growth $8,280 $8,301 $8,284 $8,376 $8,375
Renewable ELCC-2.5% $8,284 $8,316 $8,280 $8,365 $8,380
Renewable ELCC +2.5% $8,279 $8,293 $8,283 $8,361 $8,374
PRM -2% $8,281 $8,292 $8,283 $8,366 $8,377
PRM +2% $8,283 $8,321 $8,280 $8,366 $8,378
MISO CF -2% $8,277 $8,296 $8,284 $8,366 $8,373
37 MISO CF +2% $8,290 $8,316 $8,289 $8,372 $8,382
Sum of Least Cost Runs 23 0 12 2 1
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Appendix K: Detailed Analysis Section






