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Additional Comparable Transactions

• The 2015 acquisition by AltaGas of 523 MW of combined cycle generation for
a total cost of $642million ($l,228/kW) in California.

• The 2015 acquisition by PSEG Power of the 755 MW Keys Energy Center for
$850 million ($l,126/kW) in Maryland.

• The 2011 acquisition by American Municipal Power of the 724 MW Fremont
facility for $526 million ($726/kW) in Ohio.
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Remaining Lives of NSP's Fleet

The Hst below identifies the North Dakota set remaining depreciable Hves of
Northern States Power Company's in-service owned resources. The remaining
depreciable Hves of these plants may differ from state to state. For example. South
Dakota has set the remaining Hves for Sherco Units 1 and 2 both at 2023, while the
remaining depreciable Hves of these units in Minnesota is 2026 and 2023, respectively.

Plant Type ND Financial Retirement Date (Month-Year)

Blue Lake 1-4 Gas CT Dec-121

Red Wing Hydro Dec-171

Wilmarth RDF Dec-171

Inver Mills Gas CT - Dec-26

St. Croix Falls Hydro Dec-27

MonticeUo Nuclear Sep-30

Black Dog 5 Gas CC May-31

Grand Meadow Wind Nov-33

Hennepin Island Hydro Jan-34
Prairie Island Nuclear Apr-34

Sherco 1 Coal Dec-34

Sherco 2 Coal Dec-34

Sherco 3 Coal Dec-34

Blue Lake 7 & 8 Gas CT May-35

Nobles Wind Nov-35

j'Ulen S King Coal Jun-37

Angus Anson 2 & 3 Gas CT Dec-38

Angus Anson 4 Gas CT Dec-38

Border Winds Wind Dec-40

Pleasant Valley Wind Dec-40

Courtenay Wind Nov-41

Riverside Gas CC Feb-49

High Bridge Gas CC May-53

Black Dog 6 Gas CT Mar-58

' Date reflects most recent rate case Order. Capital additions made since are expensed within 2 months.
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Citations and Excerpts from NSP's Upper Midwest Resource Plan

A discussion of Northern States Power Company's analyses and modeling
efforts culrninating in the Company's "Preferred Plan" can be found at the following:

• Pages 92-123 of the Resource Plan which discusses the Company's analysis and
results; and

• Appendix D —which provides a non-technical summary of the Resource Plan;
and

• Appendix F-2 —which provides the various assumptions and inputs used for
Xcel Energy's analysis; and

• Appendix F-3 —which provides the modelling outputs and comparisons of
different resource planning options.

Excerpts of the above are attached for inclusion into the record in this proceeding.
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IRP Excerpt —Pages 92-123 of the Resource Plan

Xcel Energy Resource Plan —Chapter 5
Page 92 of 139

CHAPTERS ^

ECONOMIC MODELING FRAMEWORK

We have used the Strategist Resource Planning model to perform our economic
analyses since 2000. We use Strategist as our primary resource planning software to
estimate the costs of various resource expansion plan options, evaluate specific
capacity alternatives, and measure the potential risks of new environmental legislation
and other policy scenarios. Strategist results are a decision support tool to guide
development and selection of a Preferred Plan and test the robustness of the Plan
under a variety of assumptions and sensitivities.

To ultimately identify and refine our Preferred Plan, we created 15 scenarios that
examined different combinations and timing of baseload unit retirements, and the
resulting size, type, and timing of new resources we would need to add in order to
continue meeting customers' needs and achieve our 2030 carbon reduction goals. We
refer to these scenarios as "baseload study scenarios."

As we developed the various baseload study scenarios, we also conducted DR and EE
Bundle analyses. This is the first Resource Plan in which DR and EE Bundles are
considered supply-side resources, and as such, we had to undertake iterative analysis
alongside our scenario analysis to analyze these options appropriately. Finally, after
this analysis was completed, we used the outcomes and sensitivity tests to select and
refine a Preferred Plan.

We discuss our assumptions, scenarios, sensitivities and how these inputs guided
selection of our Preferred Plan in more detail below.

I. ASSUMPTIONS

There are several assumptions included in our baseline data inputs that are common
across aU scenarios studied. These factors may, in some cases, be varied within
sensitivities, but are largely kept constant across the default study of each scenario.

Important starting assumptions in our analysis iaclude:

lj)ad Forecast. The Company employs standard probabilistic analyses to determine our
load and energy demand forecasts. Our resource planning process takes the 50
percent probability level forecasts for both peak demand and energy requitements as
an input, we provide a detailed description of our load forecasting methodology as
Appendix Fl.

July 1, 2019 2020-2034Upper MidwestResource Plan
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In the past, these forecasts have included adjustments to account for the effects of
EE as a load modifier. In order to accommodate modeling EE as a supply-side
resource in this Resource Planning process, we have not included any going forward
EE impacts in the load forecast for the 2020-2034 period. These energy and demand
savings are now includedin the three EE Bundles that we evaluate as supply-side
resources.

We also incorporated an effective planning reserve margin of 2.98 percent, per MISO
requirements. As discussed in Chapter 3, MISO instituted an 8.4 percent planning
reserve margin requirement in the 2018-2019 planning year, and our system has a 95
percent MISO system coincident factor. Thus, our effective reserve margin is
calculated in the following manner:

Figure 5-1: Effective Reserve Margin Used in Strategist Modeling

(95 percent coincidence factor) x (1 + 8.4 percent) — 1
= 2.98 percent effective reserve margin

Existing Fleet. We develop forecasts to model our existing fleet's cost and
performance assumptions (such as variable O&M, heat rate, forced outage rate,
maintenance requirements, etc.) based on historical data, with adjustments for known
future changes where applicable. Additional operational and performance
assumptions include:

• Retirement of Sherco Units 1 and 2 in 2026 and 2023, respectively, as approved
in our last Resource Plan;

• Remaining coal units are dispatched economically beginning in 2028, reflecting
our expectations that MISO transitions to a multi-day commitment approach
that more efficiently commits resources in accordance with load serving needs
over a longer time horizon;

• Retkement of aU other facilities at their current expected end of Hfe if within
the resource planning period, unless we have specifically included costs of life
extension (e.g. for nuclear units in scenarios that include Hfe extension);

• Continuation of our existing PPAs until their contractual termination dates, and

• Continued operation of the Company's owned hydroelectric resources based
on historical performance.

Additional cost —related assumptions include:

July 1, 2019 2020-2034 Upper Midwest Resource Plan
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Costs are escalated based on corporate estimates of expected inflation rates,

Costs associated with early retirement of the existing baseload coal units (King
and Sherco 3), as well as costs for early retirement or re-licensing the nuclear
plants were developed for use in the Baseload Study modeling.

^newahle Energy. In addition to the 1,850MW of wind we are in the process of
adding to the NSP System since our last Resource Plan, we have assumed:

Currently approved and/or operatingrenewable facilities (including both those
facilities we plan to own and those we plan to contract) are assumed to be
replaced at their end of life or contract expiration with the equivalent amount
of similar energy from generic wind and solar resources (i.e. wind would
replace wind, solar would replace solar). We refer to this as "no going back;"

Accreditation of wind resources based on the 2018-2019 Planning Year 15.6
percent MISO ELCC, accreditation of solar resources at the default 50 percent
ELCC. For modeling purposes we assume these values remain the same
throughout the modeling period;

No extension of the federal production tax credit (PTC) or investment tax
credit (ITC)^ past the expiration dates as per current law.

Markets. We run scenarios in Strategistboth with "markets on" (i.e. where we can buy
and sell energy in the MISO wholesale market) and "markets off (i.e. where we
cannot sell to the market, but purchases are still modeled). We use the "markets on"
view as a default assumption because this is more reflective of our realistic operations.
Sensitivities with markets off help us test the effects of this assumption on the various
scenarios.

Wholesale electricitypriceforecasts. Our electric power market prices are developed from
fundamentaUy-based forecasts from external analysts Wood Mackenzie, CERA and
PIRA. The forecasts we receive from these third party analysts provide monthly
average on- and off-peak market pricing at the Minn Hub. We then use that market
data to create an hourly shape for each month, based on the amount of thermal
generation dispatched on our system. The methodology results in lower hourly
locational marginal prices (LMPs) during times when a significantamount of
renewable energy is on the system and higher hourly LMPs when amounts of available
renewable energy are lower. Shaping the hourly prices in this manner provides a more
conservative view of potential benefits we may realize from selling excess generation
to the market.

^The ITC reverts to 10% in 2022and beyond, per current law.

July 1, 2019 2020-2034 Upper MidwestResource Plan
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Purchase and sales limits. In our Strategist model, we include a hmit as to the amount of
energy that we are able to either purchase from or sell into the MISO market. This
hmit was developed using results from the 2018 MISO Transmission Expansion Plan
(MTEP) model results and evaluating maximum levels of market interaction achieved
in that modehng. For 2020-2023 we assume a market interaction hmit of 1,800 MW
which grows to 2,300 MW after 2023, based on the anticipated in service of the
Cardinal to Hickory Creek transmission hne which is expected to increase
transmission outlet in our region.

Emissions rates and costs. Emission rates for existing and planned resources are
consistent with historical and expected performance. We assume the foUowing costs^
and apply them to emitting resources as relevant:

• Achievement of an 80 percent reduction in CO2 serving retail customers, as
measured from 2005 levels, by 2030. The overaU carbon emissions are ahowed
to increase shghtly from these levels at the retirement dates of the nuclear fleet,
which vary by scenario;

• $ 25.00 per ton CO2 as a regulatory cost, starting in 2025 and escalating at
inflation, with the high CO2 externahty value used prior to 2025. The societal
value of CO2 as an externahty and other combinations of externahty and
regulatory costs were included as sensitivity cases;

• The Minnesota Commission's high externahty values for other specified
emissions.

Generic Resources. Strategist uses genericahy-defined resources to meet future demand
when our already existing and approved resources are not sufficient in a given year.
Generic resources are modeled as incremental units of a certain instahed capacity size,
but these sizes are chosen based on the amount of UCAP, or the MISO accredited
capacity value the units would yield. For example, although the generic unit size for
solar is rather large (500 MW instahed capacity), the resource adequacy or MISO
capacity credit value we would expect to receive for a plant of that size is half that
(250 MW), which is more comparable to a generic thermal or storage plant we may
assess. Shnharly, wind UCAP values are discounted to 15.6 percent of ICAP.

2Note: As further discussed below, these costs are not used in evaluating the cost of our Preferred Plan for
North Dakota. See our discussion regarding the North Dakota Plan in Chapter 4: Preferred Plan.

July 1, 2019 2020-2034 Upper Midwest Resource Plan
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Generic units ICAP values included in modeling areas follows:^

• 331 MW gas-fired combustion turbine peaking unit (CT),

• 206 MW gas-fired combustion turbine peaking unit (CT),

• 856 MW gas-fired combined cycle intermediate unit (CC),

• 331 MW energy storage project, with costs and performance comparable to
lithium-ion battery technology,

• 750 MW wind project

• 500 MW grid-scale single-axis tracking solar project

• 100 MW distributed solar project

Appendix F2: Strategist Modeling Assumptions & Inputs, provides more detail on
Strategist assumptions. Please see Appendix F6: Resource Options, for additional
discussion on supply-side resource options included in the analysis.

Customer Programs. Incremental customer programs for DR and EE were included as
potential resources in the Strategist model. The derivation of these three DR and
three EE "Bundles" are described in Appendix F6.

It is important to note that these Bundles represent generic DSM additions and
therefore may not perfecdy align with the size and timing of actual DR or EE
additions to the system in the future. These Bundles were developed immediately
after receiving third party studies for incorporation into modeling, without the benefit
of time to develop detailed implementation plans to achieve the levels of DSM in each
Bundle. Therefore, for incremental DR resource additions ia particular, while the size
and timing of the first Bundle generally achieves the ordered 400 MW by 2023, the
actual implementation plans which detail the specific size, type, and timing of
incremental additions will likely differ. Procurement plans are illustrated in Appendix
Gl: Demand Side Management.

DER is modeled with base and high adoptions assumptions, using similar levels as
provided in our 2018 IDP filing. We discuss our DER forecasts in Appendix Fl:
Load and Distributed Energy Resource Forecasting.

^The cost and performance data for these units are based on consultant's estimates, publicly available third-
party data, and internal company data. Availability dates are selected based on our estimates of the lead time
needed for regulatory approvals, financing, permitting and constmction.

July 1, 2019 2020-2034 Upper Midwest Resource Plan
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II. SCENARIOS

As noted above, we created 15 scenarios to examine combinations and timing of
baseload unit retirements, and the resulting size, t5^e, and tiining of new resources we
would need to add in order to continue meeting customers' needs and achieve our
2030 carbon reduction goals. We describe key parameters of these scenarios below.

A. Reference Case Scenario

We describe the development of our Reference Case in Chapter 3: Minimum System
Needs. The Reference Case (Scenario 1) is an extension of our 2015 Resource Plan,
in that aU of the baseload units retire at theit currently scheduled retirement dates, and
serves as our starting point. The approved 1,850 MW wind portfolio that is in
progress is included, along with generic wind and solar units added to the plan to
ensure that we do not fall below the current level of renewables we have on our

system (i.e. a "no going back" portfolio). Additional renewable units are evaluated
and optimized in the modeling and added where economic. In the original phases of
the modeling, the DR and EE Bundles were evaluated as optimized economic
alternatives, as were distributed solar, storage, and thermal CT and CC resources. The
Sherco CC unit and owned MEC CC unit were iucluded in the Expansion Plan. Fitrm
peaking resources were included in the plan as needed to maintain the Reliability
Requirement criteria.

To determine the optimal strategy regarding the future of the baseload fleet, we
developed additional scenarios with varying combinations of baseload resource
retirement dates. The resulting system needs were then met with a Strategist model-
optimized portfolio of new resources. Internal finance, energy supply, and nuclear
subject matte experts worked to develop a robust set of assumptions and potential
retirement dates for the baseload units. These input assumptions include: ongoing
capital expenditures, O&M expenses and decommissioning and/or life extension
costs. We also iucorporated the planning level estimates from the MISO Y2 studies
performed as part of our Baseload Study that informed our Preferred Plan. See
Appendix J1 for more details regarding this study. The scenarios we evaluated can be
generally grouped into families, as described below.

B. Early Coal Family

This family of scenarios is designed to evaluate the economics (i.e. revenue
requirement impacts) of retiring King and/or Sherco 3 early. We did not study life
extension for coal facilities. For the early coal retirement scenarios, the early
retirement date for King was assumed to be the end of 2028, and for Sherco 3 the

July 1, 2019 2020-2034 Upper Midwest Resource Plan



NSP Late-Filed Exhibit 3

IRP Excerpt —Pages 92-123 of the Resource Plan
Xcel Energy Resource Plan —Chapter 5

Page 98 of 139

earlydate was the end of 2030. We chose these retirement dates because they
generally allow an orderly and staged transition, with a major coal retirement every
two to three years. In the all early coal scenarios, for example, the retirement schedule
is Sherco 2 in 2023, Sherco 1 in 2026, King in 2028 and Sherco 3 in 2030.

• Scenario 2 (Early King) —King is retired at the end of 2028. Sherco 3 and the
nuclear units are unchanged.

• Scenario 3 (Early Sherco 3) —Sherco 3 is retired at the end of 2030. King and
the nuclear units are unchanged.

• Scenario 4 (Early All Coal) —King is retired at the end of 2028, Sherco 3 is
retired at the end of 2030, and the nuclear units are unchanged.

C. Early Nuclear Family

This family of scenarios is designed to test the economics of retiring Monticello
and/or Prairie Island early, either alone or together, and with the combination of early
coal retirements. For the early nuclear retirement scenarios, the early retirement date
for Monticello was assumed to be the end of 2026 and for Prairie Island 1 and 2 it

was the end of 2024 and 2025, respectively. We chose these retirement dates as we
felt they best balanced the need for adequate lead time to enable an earlymajor
nuclear retirement with the desire to evaluate retirement scenarios that occur well

ahead of the existing retirement dates in the 2030s.

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

• Scenario 6 (Early Prairie Island) —Prakie 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.

D. Extend Nuclear Family

This family of scenarios is designed to test the economics of re-Hcensing Monticello
and/or Prakie Island and extendingoperationalHfe by 10 years over the current
retirement dates. For the extend nuclear scenarios, the revised date for Monticello
was assumed to be the end of 2040 and for Prakie Island 1 and 2 was the end of 2043

and 2044, respectively.

July 1, 2019 2020-2034 Upper Midwest Resource Plan
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• Scenario 9 (Early Coal, Extend Monticello) —All coal was retired at the early
dates and MonticeUo is extended for 10 years. Prairie Island is unchanged.

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

• Scenario 11(Early Coal, Extend Prairie Island) —AU coal was retired at the
early dates and Prairie Island is extended for 10 years. MonticeUo is
unchanged.

• Scenario 12 (Early Coal, Extend All Nuclear) - AU coal was retired at the
early dates and both MonticeUo and Prairie Island are extended for 10 years.

• Scenario 13 (Extend Monticello) -MonticeUo 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 MonticeUo are unchanged.

• Scenario 15 (Extend All Nuclear) —Both MonticeUo and Prairie Island are
extended for 10 years. King and Sherco 3 are unchanged.

III. FUTURES SCENARIOS AND SENSITIVITIES

To determine how changes in our assumptions impact the costs or characteristics of
different plans, we have historicaUy evaluated how the plan responds to changes in
individual input assumptions. This testing helps us assess the "robustness" of each
scenario in the face of future uncertainty, meaning that we want to test how resiUent
the scenario is to changes in one or more key assumptions. GeneraUy, if a given plan
is extremely sensitive to changes in assumptions, it would not represent a prudent
course of action for the Company to pursue, because it would subject our customers
to excessive risk. WhUe we beUeve there is value in evaluating the individual
sensitivities, and have provided a comprehensive analysis of those sensitivities in
Appendix F3, we took a slightly different approach to stress test our results in this
particular Resource Plan.

A. Futures Scenarios

Consistent with the MISO MTEP Process, we adopted a scenario-based planning
approach to our sensitivity analysis that we have incorporated for the first time in this
Resource Plan. Since many of the input assumption variables in our modeling are
correlated, we believe there is more value in looking at a combination of variable

July 1, 2019 2020-2034 Upper Midwest Resource Plan
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sensitivities as opposed to "one-off sensitivity runs. Evaluating one sensitivity at a
time may isolate the impacts of the variable in question, but may not necessarily
reflect a realistic future scenario.

We developed four Futures Scenarios, using the 2018 MTEP Futures as guideposts.
The first two Futures Scenarios (Base PVSC and Base PVRR) represent our base
assumptions, with and without carbon costs, as we have consistently provided this
view as part of pre\tious Resource Plans and are required to provide the PVRR \tiew
for our North Dakota stakeholders. The Fligh Electrification and High Distributed
Solar cases represent our new approach, in which we adjusted multiple sensitivities in
each Futures Scenario to assess the combined effect of these changes. While there are
certainly many assumptions we could have adjusted, we focused on the four most
important variables which include fuel price forecasts, load forecasts (or variables
impacting the load forecast Hke distributed solar), carbon and externality costs, and
new resource capital costs. The assumptions made for each Futures Scenario can be
seen in Table 5-1 below:

Table 5-1: 2019 Resource Plan Futures Scenarios

Gas, Power,
Coal Prices

Carbon &
New

Resource

Capital
Futures Scenario Description Load Forecast Externality

Costs
Costs

Base Case with Carbon

Base Scenario (PVSC)
Costs, Similar to MISO
MTEP Continued Fleet

Change (CFC) Scenario

Base Base 50/50 High/High Base

No Carbon (PVRR) No Carbon Costs Base Base 50/50 None Base

High Electrification & Similar to MISO MTEP High

Low Tech Costs Accelerated Fleet High Electrification High/High Low

(PVSC) Change (AFC) Scenario Forecast

High Distributed Solar

Deployment, Low

Similar to MISO MTEP

Limited Fleet Change Low

High DG Solar

Forecast &

Higher EE

Levels

PEgh/High Low

Tech Costs (PVSC) (LFC) Scenario

Nofe: bolded and underlinedparameters indicate assumptions that have been modifiedfrom the Base Scenario

For the High Electrification Scenario, we examine a case in which higher load levels
are expected to stimulate higher fuel demand and consequently higher overall fuel
prices. To construct this Scenario, we used a high electrification forecast provided by
E3, informed by their Minnesota PATHWAYS study provided as Appendix P3 to this
Resource Plan, to assess the impacts of high load, high fuel price, and a low
technology cost environment.

July 1, 2019 2020-2034 Upper Midwest Resource Plan
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Conversely, for the High Distributed Solar Deployment Scenario, lower load levels
driven by higher levels of offsetting distributed solar could reasonably be expected to
drive down fuel demand and result in lower overall fuel prices. To construct this
Scenario, we used an internally developed high customer adoption based distributed
solar forecast to assess the impacts of low load, low fuel price and low technology
cost environment. We also forced in all three EE Bundles to further reduce the load

forecast and evaluate a future that truly stresses our baseload decision options.

In both the High Electrification and the High Distributed Solar Scenarios, we
assumed low new resource capital costs. We believe this is an appropriate assumption
to test, because trends have indicated that the market has previously underestimated
realt2ed cost reductions in renewables and other new technologies, and we feel this
could continue to occur going forward. Likewise, in both these Futures Scenarios, we
included carbon and externality costs, consistent with resource planning principles in
Minnesota.

Figure 5-2: Peak Demand, Net of EE Impacts, by Futures Scenario (MW)
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Figure 5-3; Fuel Price Assumptions, by Futures Scenario

•High Distributed Solar Gas
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•High Electrification Gas

----- High Distributed Solar Coal
Base PVSC/PVRR Coal

----- High Electrification Coal
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Figure 5-5: Carbon Emissions Cost Assumptions
($/Short Ton)
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It is important to note that these Futures Scenarios were designed to test the
performance of our haseloadretirement decisions under plausible future states. These
Futures Scenarios are not, however, intended to test which future is overall least cost
for our system. We do not have fuU control over the level of distributed solar or
electrification growth on our system, and have no control over variables such as fuel
prices and new resource capital costs. As demonstrated in the next section, the
Futures Scenario analysis shows that our Preferred Plan haseload decisions to retire all
coal by 2030 and extend Monticello are likely to yield customer benefits relative to the
Reference Case, even in a future where multiple key assumptions change
simultaneously.

B. Traditional Sensitivities

While our primaryfocus has shifted to Futures Scenarios as opposed to the traditional
single sensitivities, we still believe the individual sensitivities provide insights on
potential plan performance. Therefore, consistent with previous Resource Plans, we
tested the following individual sensitivities. Detailed results for these sensitivities can
be found in Appendix F3.

Load. The lowload sensitivity includes high customer adoption-based DER
growth and higher EE savings (i.e. it includes all three EE Bundles),which
reduces load. The high load sensitivity includes high electrification load.

July 1, 2019 2020-2034 Upper Midwest Resource Plan
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• ¥uelVriceIMarket Costs. High and low price sensitivities were performed by
adjusting the growth rate up and down, respectively, by 50 percent from the
base forecast starting in year 2022.

• CO2 Values. To examine the effect of CO2 pricing, we tested high and low cost
sensitivities. We also performed a sensitivity evaluating no CO2 cost. The
PVSC Base Case CO2values are based on the high externality cost values for
CO2 as determined bythe Minnesota Commission through 2024."^ ThePVSC
Base Casevalues startingin 2025 are based on the "high" end of the range of
regulated costs.^ Below is the listof carbon sensitivities.

o Low Externality

o Low Externality, Low Regulatory

o Mid Externality, Mid Regulatory

o High Externality

o PVRR, or No Externality or Regulatory

• externalities. Criteria pollutants values are derived from the high and low values
for each of the three geographic locations in the Minnesota Commission
Order,*^ with existing plants assigned the appropriate areaand generic umts
assigned to "rural." The midpoint externality costs are the average of the low
and high values. The high, low and midpoint externality costs are used in
conjunction with the CO2 sensitivities described above.

^source Costs. For wind, solar and battery energy storage we use NREL's
A.nnual Technology Baseline (ATB) 2018 report to provide high and low
technologycost sensitivity inputs. For wind and solar,we use the costs
projected by the ATB directly. For batteries, we take a slightly different
approach. Low and high battery costs are based the percent difference in the
NREL ATB base, low and high battery cost forecasts, with this percent
difference applied to the Company's base battery cost forecast. We did not
adjust capital costs for thermalresources such as the generic CC or CTs, so all
scenarios include our base cost assumptions for those resources.

Markets Sales Off. As previouslydiscussed, we assume that markets are "on" for
each scenario. The "markets off sensitivity represents a view in which we

Minnesota Commission Order Updating Environmental CostValues in DocketNo. E999/CI-14-643 issued
January 3, 2018.) at 31.
5Minnesota Commission Order EstabUshing 2018 and 2019 Estimate of Future CarbonDioxide Regulation
Costs in Docket Nos. E999/CI-07-1199 and E999/DI-17-53 issued June 11, 2018) at 12.
^Minnesota Commission Order Updating Environmental CostValues in DocketNo. E999/CI-14-643 issued
January 3, 2018.
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cannot access the market to sell energy outside our system.

IV. STRATEGIST ANALYSIS AND RESULTS

After identifying the scenarios and sensitivities for analysis, we used Strategist to
identify the expansion plans for each of the 15primary scenarios, and their resulting
cost and emissions impacts. We faced a number of challenges as we tested the full
capabilities of the model and attempted to be responsive to stakeholder requests to
include a robust set of supply-side and demand-side resource options for
consideration. As described below, we undertook an extensive process which
attempted to balance the inclusion of a comprehensive set of resource options with
the model's limitations, to arrive at a plan that demonstrates a high level of diligence
and investigation. This analysis was performed iteratively in severalrounds, as we
refined the process and results, with eachround informing modeling parameters for
subsequent rounds. Achieving an appropriate balance between resource options and
modelingruntime efficiency required the following adjustments, which are described
in more detail in the sections below:

• Removal of our generic distributed solar resource options, with the
understanding that if future DG solar growth exceeds our embedded
assumptions, it can simply displace utility scale solar additions identified in the
Preferred Plan.

• Shortening the modelingperiod to end in 2025, from the original 2057 end
date.

• Testing EE and DR selection via optimizations, evaluating different
combinations of the three EE and three DR Bundles for cost effectiveness, and
then locking the optimal mix of Bundles in final optimizations.

• Manually inserting CT additions as a proxy placeholder for the fiim,
dispatchable resource needs driven by the Reliabihty Requirement. In reality,
because these additions happen in the post-2030 timeframe, we expect the need
wiU be met by a combination of firm dispatchable resource options. These may
include batterystorage, pumped hydro, DR, naturalgas, and/or others.

A. Initial Full Optimization

In the fkst initial round of modeling, all technology alternatives (wind, solar,
distributed solar, storage, DR, EE, CC, CT) were made available to the model and we
developed a fully optimized expansion plan for each scenario through the end of the
available years in Strategist (2057). We found that this stretched the capabilities of the
Strategist tool. Due to the large number of alternatives, these runs took a significant
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amount of time to complete; on average, five days of processing time per scenario.
Further, the results were significantly truncated.^ In these initial plans, no DR, EE, or
distributed solar alternatives were selected for any of the scenarios. Although this set
of initial runs was not rehable enough for drawing final conclusions, due to the
truncation issues, we identified several refinements for the next round of modeling.

Fkst, when compariug utility-scale solar and distributed solar, the model did not select
any distributed solar. We reviewed the modeling data for these two alternatives and it
was clear that, because both utihty-scale and distributed solar have identical capacity
accreditation^ values and similar capacity factors, the model would only ever select the
lower cost utility-scale solar. For modehng purposes, therefore, we removed
distributed solar from the optimization ia order to improve model runtime and reduce
the number of truncated results. We note that this does not imply distributed solar is
not a resource we anticipate whl be added to our system —only that from a modeling
perspective, distributed solar wiU not appear as cost-effective relative to utihty-scale
solar in the modehng process, and retaiaing both types of resources in the model for
future runs would reduce the quahty and runtime of the modehng process. As we
have explained, any growth in distributed solar we experience on our system beyond
what is in our embedded forecasts wiU simply serve to displace some of the utihty-
scale additions identified in our Preferred Plan.

Truncation chaUenges also informed the duration through which we modeled our
plans. While our initial runs experienced truncation issues faitly early (beginning in
the late 2020's), the further out we attempted to optimize portfohos, the more
truncation occurred and the slower the simulation became. Based on this

observation, we determined it was prudent to shorten the modehng period, using
2045 as the end year rather than 2057. We beheved that this, in combination with
adding 10 years of "end effects" in the modehng, would inform plans through the
planning period (2020-2034) that were more robust and vahd than the longer
simulation would provide. AdditionaUy, the avahabhity, cost and performance
assumptions for technologies become increasingly subjective far into the future, and
we would not adequately account for new technologies that may develop within that
timeframe.^ Thus the results of modehng in that extended periodwouldnot be
particularly robust and would hkely misstate the resource mix and cost required to

^Truncation occurs when the Strategist model has more viable plans for a given year than the internal
memory is able to store. The total collection of plans is sorted by accumulated cost up to that year, and the
highest cost plans are discarded and not analyzed further. The Company's model is set to a maximum of
2,500 saved plans per year.
^I.e. Effective Load Carrying Capabihty, or ELCC.
9We note that an independent analysis from consultant E3 highlighted similar concerns and also conducts
expansion plan modehng to 2045.
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meet the Company's longer term vision of 100 percent carbon-free energy by 2050.

Further, including the DR and EE Bundles in fuU model optimizations proved to be a
significant challenge for the Strategist model runtime efficiency. Given that the initial
full optimizations resulted in no DSM being selected, we decided to pursue an
alternative modeling path. For the next round of modeling, the first DR and the first
EE Bundle were forced into the plans to test if "seeding" the model with these
Bundles would lead to the second or third Bundles being chosen within the economic
optimization.

B. Revised Targeted Optimization

The model revisions discussed above resulted in a somewhat improved modeling
process, shortening runtimes and reducing truncation. However, the second round of
modeling still took over two days per simulation, and displayed significant truncation,
such that we determined additional refinements were needed. This process did,
however, help us derive more information from our model runs that informed the
final stages of the modeling process.

First, in almost aU 15 scenarios, once the fkst DR and EE Bundles were forced in, the
second EE Bundle was selected economically. No additional DR was selected. This
result indicated that there was indeed a modeling bias (most likely due to truncation)
that prevented selection of DR and EE, as defined by the Bundles, in the fuUy
optimized results. We concluded that some other method of "manual" testing would
be necessary to determine these resources' true cost-effectiveness.

Additionally, some of the scenario outcomes in this revised modeling process relied
almost entirely on non-dispatchable or use-limited resources (wind, solar, storage) for
the fuU capacity expansion plan. At this point, resource planning consulted with
operations and engineering, and worked together to develop and implement a
modeling element that would ensure the portfolio resulting from each scenario
retained sufficient firm dispatchable generation to reliably serve customer capacity and
energy requirements. We describe the Reliability Requirement in Appendix J2.

To incorporate the Reliability Requirement into the modehng, we added firm
dispatchable load supporting resources, represented currently with CT resources as a
proxy, to the expansion plan in specific years^° to ensure the portfolio maintained the
minimum level of firm dispatchable, load supporting resources as defined by the
Reliability Requirement. Given the manual addition of firm dispatchable resources.

Applicable years vary by scenario.
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we also reduced the number of new resource alternatives available in certain years to
further improve model run times. We believe this did not sacrifice or reduce the
model's ability to find optimal solutions for the expansion plan. As an example, the
large CC unit option was removed as an alternative in years where the incremental
capacity need relative to the previous yearwas small. This targeted "pruning" of
alternatives yielded faster run times and less truncation.

Accounting for all the aforementioned factors, we repeated scenario modeling while
including: (1) the Reliability Requirement, (2) the targeted resource "pruning" and (3)
one DR and one EE Bundle forced in, while still allowing the incremental DSM
Bundles to be selected in the optimization. The second EE Bundle was almost always
selected, while no additional DR was selected. Additionally, early coal retirement and
nuclear extension scenarios emerged as potential preferred options, as they showed
favorable PVSC and PVRR, when compared to other scenarios.

C. Energy Efficiency and Demand Response Analysis

In the next phase of modeling, we worked to refine the DR and EE analysis to
identify the most cost effective Bundle combinations. After reviewing initial
modeling results, we were confident that two Bundles of EE would hkely be selected
across aU scenarios but wanted to conduct an additional round of tests to confirm.

Given we observed strong PVSC and PVRR performance of early coal retirement and
extended nuclear scenarios in previous rounds of modeling, we initially conducted DR
and EE testing using Scenario 9 (Early King and Sherco 3 retirement with MonticeUo
Extension) and Scenario 10 (Early King retirement with MonticeUo Extension) as a
test. To adequately analyze the Bundles, we developed PVSC and PVRR matrices by
selecting a scenario and performing optimizations that included each permutation of
the three DR and three EE Bundles. This manual process eliminated the potential for
DR and EE truncation, thus aUowing us to conduct a robust analysis of each option.

We show results for Scenario 9 as an example below, and note that in both cases the 0
DR/2 EE combination returns the lowest PVSC and PVRR results.
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Table 5-2: Scenario 9 (Preferfed Plan) DR and EE Cost Effectiveness Analyses
($2019 millions)

PVSC

ODR IDR 2DR 3DR

OEE $48,486 $48,203 $48,502 $48,745

lEE $45,390 $45,670 $45,947 $46,152

2 EE $45,173 $45,512 $45,726 $45,910

3 EE $45,847 $46,166 $46,389 $46,596

PVRR

ODR IDR 2DR 3DR

OEE $40,029 $40,216 $40,478 $40,653

lEE $37,657 $37,910 $38,182 $38,344

2 EE $37,476 $37,784 $37,925 $38,143

3 EE $38,374 $38,589 $38,802 $39,009

PVSC Deltas (as compared to 0 DR/2 EE)

ODR IDR 2DR 3DR

OEE $3,313 $3,030 $3,329 $3,572

lEE $217 $497 $774 $979

2 EE - $339 $553 $737

3 EE $674 $993 $1,217 $1,423

PVRR Deltas (as compared to 0 DR/2 EE)

ODR IDR 2DR 3DR

OEE $2,554 $2,741 $3,003 $3,177

lEE $181 $435 $706 $869

2 EE - $308 $450 $668

3 EE $899 $1,113 $1,327 $1,533

Based on this result, subsequent model runs for the baseload analysis locked in 0 DR
Bundles and two EE Bundles, and removed consideration of the remaining DR and
EE Bundles from the optimization process. As discussed further in Section V and
elsewhere in this Resource Plan however, we ultimately included the first Bundle of
DR as part of the Expansion Plan.

D. Final Scenario Analysis

The last round of baseload scenario modeling incorporated the results of the previous
rounds into defining and executing a final analysis,which we used to draw
conclusions on the relative economics and operational performance of the 15
baseload scenarios. For the final model runs, two EE Bundles were manually added
to the plans, and the remaining Bundles were removed from the optimization, per our
previous findings that they would not be selected. The Reliability Requirement was
included as a constraint, and the number and tuning of alternatives were reduced as
previously described, in order to improve model run performance without sacrificing
the ability to effectively optimize remaining resource options. We then created
expansion plans for all 15 scenarios, using PVSC assumptions, and completed the full
set of sensitivities.^^

11 Minn. Stat. § 216B.2423

July 1,2019 2020-2034 Upper Midwest Resource Plan



NSP Late-Filed Exhibit 3

IRP Excerpt —Pages 92-123 of the Resource Plan
Xcel Energy

E. Modeling Results and Conclusions

Resource Plan —Chapter 5
Page 111 of 139

Completing baseload scenario mns, as described above, allows us to examine Scenario
outcomes side-by-side, to evaluate their benefits and drawbacks. Among other
factors, we examine each Scenario's resource expansion profile and carbon emissions
outcomes, present value costs, and several indicators of risk.

1. Capacity A.dditions andEmssionsdeductions

The cumulative expansion plan additions through the planningperiod for the 15
scenarios are shown below in Figure 5-6.

Figure 5-6: Expansion Plans by Scenario
(GW, Cumulative Nameplate Capacity Resource Additions by Fuel Type)

Base (2034)

2- Early King

3- Early Sherco 3

4- Early Coal

5- Early Monti

6- Early PI

7- Early Nuclear

8- Early Baseload

9- Early Coal; Extend
Monti

10- Early King; Extend
Monti

11- Early Coal; Extend PI

12- Early Coal; Extend
Nuclear

13- Extend Monti

14- Extend PI

15- Extend Nuclear

0.8 •-0.2 8.3

0.8 inm 8.7

0.8 7.6

12.3

Wind

Firm

Peaking

As the 80 percentcarbon emissions reduction target was included as a modeling
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parameter, all the scenarios achieve this goal and remain under the emissions
threshold from 2030 throughout the planning period. There is minimalvariability
between Scenarios on this measure, other than the timeframe in which they first reach
80 percent reduction levels.

2. Present Value Costs

In general, plans that favored early coal retirements and nuclear extensions were the
lowestcost plans, both in terms of PVSC and PVRR. The results for the 15 scenarios
from the final modeling runs are shown below in Figures 5-7 and 5-8. The figures
showthe net presentvalue (NPV) delta of modeled costs compared to Scenario 1 (the
Reference Scenario), with negative values representing customer savings relative to the
Reference Scenario and positive values representing increased costs.^^

Figure 5-7: Scenario PVSC Deltas from Reference Case
($2019 millions)

12- Early Coal; Extend aU Nuclear

15- Extend Nuclear

11- Early Coal; Extend PI

14- Extend PI

10- Early King; Extend Monti

9- Early Coal; Extend Monti

13- Extend Monti

4- Early Coal

2- Early King

3- Early Sherco 3

5- Early Monti

8- Early Baseload

6- Early PI

7- Early All Nuclear

($1,200) ($700)

12 Note that these PVRR and PVSC deltas shown depict NPV for 2020-2045.
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Figure 5-8: Scenario PVRR Deltas from Reference Case
($2019 millions)

14- Extend PI

15- Extend All Nuclear

11- Early Coal; Extend PI

12- Early Coal; Extend all Nuclear

10- Early King; Extend Monti

13- Extend Monti

9- Early Coal; Extend Monti

2- Early King

4- Early Coal

3- Early Sherco 3

5- Early Monti

8- Early Baseload

6- Early PI

7- Early AU Nuclear

$900

In addition to evaluating the total NPV of each scenario, we also examine the timing
of the relative costs and benefits. Examining NPV over a time series helps us make
relative comparisons of changes in costs or benefits at key "transition points" of the
plans (such as retirement or extension dates, significant renewable additions, etc.).
The cumulative total PVRR costs or savings for each of the scenarios are shown
below in Figure 5-9. Each line on the chart illustrates the running total of the annual
PVRR costs or benefits by year for a specific scenario, compared to the Reference
Case. The end point of the lines in 2045 corresponds to the final PVRR deltas shown
in Figure 5-8 above.
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Figure 5-9: Cumulative PVRR Cost or Savings Deltas by Scenario,
Compared to the Reference Plan
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In addition to PVSC and PVRR, the Company completed sensitivity analyses for aU
15 scenarios. The results of these analyses are shown in Appendix F3.

i. A.dditional RjSjk Metricsfor Baseload Scenario Evaluation

While present value costs are one factor we use to inform our Preferred Plan, we also
consider other factors and elements of risk exposure for each potential Scenario.
Consistent with the Resource Plan objectives presented in Chapter 4, we evaluated
each scenario with regard to achieving our cost, environmental, risk and reliability
goals. It is essential that our Preferred Plan meets our carbon reduction goals while
also ensuring that the system remains reliable and the plan remains affordable for
customers. Likewise, it is important we evaluate various risks, because forecasting
into the future is inherently uncertain and we want to ensure our selected Plan
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remains robust, even if some key factors change. We describe the objective risk
measures we used to evaluate the scenarios in Table 5-3 below.

Table 5-3: Scenario Modeling Portfolio Risk Metrics

Objective Metric Definition

Cost

Base PVRR and

Base PVSC

Traditional NPV measure of total 2020-2045 PVRR or PVSC

costs to determine least cost plan. Plans showing cost savings
are preferred.

Worst Case

Futures Scenario

Cost

Measure of worst case potential cost outcomes across the four
Futures Scenarios so provides insight into plan cost risk. Plans
still showing cost savings in worst case Futures Scenario are
preferred.

Risk

Energy Risk

Measures the absolute value of average annual total market
interaction (purchases plus sales plus dump energy) associated
with each plan, to assess market energy risk exposure. Plans
with lower market energy exposure are preferred.

Capacity Risk

Measures average annual net capacity position associated with
each plan, to assess market capacity risk exposure. Typically,
plans with lower net capacitypositions are considered
favorable, and our rankings reflect that. However, we also take
into account certain factors that are specific to this Resource
Plan, which affect the weight we place on this metric. These are
discussed further below in Section V.

Environmental

Carbon

Emissions

Reduction

All plans achieveacceptable levels of carbon reduction, as a
result of including an 80 percent carbon reduction (relative to
2005 levels) constraint in modeling.

Reliability

Firm,
Dispatchable
Resource to

Peak Load Ratio

AH plans achieveacceptable levels of reliability, measured by
the amount of firm, dispatchable resources available, as a result
of including the Reliability Requirement in modeling.

As noted, all scenarios meet the environmental and rehability objectives, given these
targets are included as constraints in our modeling. Thus, our Scenario evaluation
focuses on the cost and risk objective metrics noted above.

V. PREFERRED PLAN SELECTION AND ASSESSMENT

As described previously in this Chapter and in Chapter 4, we evaluated the PVRR and
PVSC results of our 15 baseload scenarios, and how effectively each potential plan
would meet our planning objectives, to determine which Scenario should form the
basis of the Preferred Plan. Based on these outcomes, we selected baseload Scenario
9. Our plan charts the path toward achieving ambitious carbon reduction goals,
reflects substantial stakeholder input and consensus, and ensures reliability and
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affofdability for our customers. The baseload aspects of this plan include an early
King retirement in 2028, Sherco 3 early retirement in 2030 and extension of our
Monticello nuclear facility to 2040. We also took into account additional
considerations regarding DR when finalizing the Preferred Plan. We discuss more
detail regarding how we selected and evaluated our Preferred Plan below.

A. Baseload Study Analysis Results

From a modeling perspective, the PVSC and PVRR results are primary indicators of
the various scenarios' economic favorability. Figures 5-8 and 5-9 shown above
indicate that the nuclear extension scenarios paired with earlycoal retirements 3delded
the most attractive customer value relative to the Reference Case.

We note that while Baseload Scenario 9 was not the least cost of our 15 scenarios,
several lesser cost scenarios included an extension of Prairie Island's operating license.
However, as discussed previously. Prairie Island's license does not expire until the
2033-3034 timeframe just outside the planning period, and we believe there is risk
avoidance value in deferring a decision on Prairie Island extension until a future
Resource Planning process. As a result, we eliminated from consideration cases that
include a Prairie Island extension, as shown below.

Figure 5-10: Scenario PVSC Deltas from Reference Case,
PI Extension Cases Eliminated

($2019 millions)
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6- Early PI

7- Early AUNuclear
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Note: all scenarios that

included Prairie Island

extension were removed

from consideration, as we
believe it prudent to defer
Prairie Island extension

consideration to future

resource planning cycles.

2020-2034 Upper Midwest Resource Plan



NSP Late-Filed Exhibit 3

IRP Excerpt —Pages 92-123 of the Resource Plan
Xcel Energy Resource Plan —Chapter 5

Page 117 of 139

After screening out the baseload scenarios that include Prairie Island extension, we
evaluated the remaining scenarios using the cost and risk metrics discussed previously,
including savings or costs achieved in a "worst-case" Futures Scenario, and average
energy and capacity exposure. Of the remaining baseload scenarios available for
selection, Scenarios 9 (Early Coal; Extend Monti), and 10 (Early King; Extend Monti.)
achieve the most favorable risk profile overall.

Further, Minn. Stat. § 216B.2422, subd. 2(c) requires that we "include the least cost
plan for meeting 50 and 75 percent of all energy needs from both new and
refurbished generating facilities through a combination of conservation and renewable
energy resources." The Preferred Plan (Scenario 9 - Early Coal; Extend Monti)
satisfies the statute's first requirement (50 percent of energy needs from conservation
or renewables) because it is economically optimized and meets approximately 64
percent of energy needs with renewables and conservation. Our baseload scenario
analysis satisfies this statute's second requirement (75 percent of energy needs from
conservation or renewables), as Scenario 4 (Early Coal) yields the least cost plan for
meeting at least 75 percent of aU energy needs from both new and refurbished
generating facilities through a combination of conservation and renewable energy
resources. Because this scenario does not include a nuclear extension, it enables
greater levels of renewable additions than the Preferred Plan that meet or exceed the
75 percent threshold.

B. Early Retirement of Sherco 3 by 2030

Excluding the Prairie Island extension scenarios. Scenarios 9 and 10 become the
optimal least cost options. Both Scenarios 9 and 10 assume an early King retirement
and Monticello extension; however. Scenario 9 includes an early Sherco 3 retirement
while Scenario 10 does not. Both Scenarios are beneficial on a PVSC and PVRR

basis, and are the most resilient of the remaining scenarios to the potential worst case
evaluated, continuing to maintain customer benefits relative to the Reference case.

Given the proximity of overall customer savings and risk considerations between
Scenario 9 and 10, we ultimately considered which case would fit best with our
strategic objectives and our understanding of stakeholder interests. We selected
Scenario 9 as our Preferred Plan, which includes the retirement of aU remaining coal
units. Scenario 9 provides the best fit for our carbon goals and helps mitigate the
potential for regulatory or legislative action around carbon costs or carbon reduction
levels. Further, general market trends toward increasing levels and decreasing costs of
renewables, low natural gas prices, the need for more flexible resources, and other
factors are expected to make it more and more difficult for coal resources to operate
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in an efficient and economic manner beyond 2030. Finally, our interactions with
customers, stakeholders, and shareholders alike have shown increasing interest in
achievement of carbon reductions and other environmental solutions. From a

financial risk perspective, we believe it is beneficial for the Company to reduce carbon
risk exposure, and we view transitioning our generation fleet away from coal assets is
one of the best ways to achieve that goal.

C. Demand Response Adjustment to Scenario 9

As noted previously, the model optimization exercise did not select any of the DR
Bundles provided as options. However, the Order approving our last Resource Plan
included direction to add 400 MW of incremental DR resources. Therefore, the final
step in developing our Preferred Plan was to include DR Bundle 1 as part of Scenario
9. This addition increases our net long capacity position, where after 2025, our
position remains long by a range of 500-1,000 MW through the remainder of the
planning period. As mentioned previously, we typically view a long capacity position
as less favorable; however, we believe this is an acceptable path forward given
alignment with our risk mitigation planning objective, discussed further below.

D. Futures Scenarios Results

As previously discussed, a final step in our analysis process evaluated the performance
of the Preferred Plan under the Futures Scenarios. Table 5-4 below provides a
summary of the Futures Scenario results. Under aU of these Futures Scenarios, the
Preferred Planprovides savings relative to the Reference Case,^^ which suggests that
the Plan is robust under a range of potential future conditions.

Table 5-4: Preferred Plan NPV Savings under Different Futures Scenarios
($2019 millions)

Base PVSC Base PVRR

High
Electrification

Scenario

PVSC

High Distributed
Solar Scenario PVSC

Delta (461) (203) (81) (51)

As demonstrated in the baseload scenario analysis and in Table 5-4, the Preferred Plan
yields customer value of $203 million in the base PVRR and $461 million in the base
PVSC scenarios. Early coal retirements paired with the Monticello extension yield

Note: Each NPV resiilt compares the Preferred Plan with Future Scenarios assumptions applied to the
Reference Case with those same assumptions applied.
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benefits to customeirs pafticularly when carbon costs are included. In both the High
Electrification and the High Distributed Solar Futures Scenarios, customer value is
marginally reduced from the Base PVRR and PVSC scenarios with $81 million of
savings in the High Electrification Scenario and $51 million of savings in the High
Distributed Solar Scenario.

As shown in Figure 5-11 below, the Preferred Plan consistently results in customer
savings relative to the Reference Case in all Future Scenarios through 2030. At that
time, however, the Base PVSC and PVRR scenarios diverge from the High
Electrification and High Distributed Solar Scenarios mainly in the 2030 timeframe. A
number of factors impact the annual deltas in these Scenarios and drive the
divergence. Assumed low new resource capital costs in the Electrification and High
Distributed Solar Scenarios Hkely functions as the biggest driver in upward cost
pressure on the Preferred Plan in the 2030s, as in those Scenarios Monticello can be
replaced with cheaper renewables. Even under these conditions,, however, the results
demonstrate that over the entire planning period and across multiple Futures
Scenarios, the Preferred Plan provides overall customer savings relative to the
Reference Case. This demonstrates that the Plan is robust and beneficial to

customers, yielding savings under a host of potential future conditions.
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Figure 5-11: Preferred Plan Annual Costs or Savings
Compared to the Reference Case, by Scenario

($2019 millions)
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The expansion plans for the Preferred Plan under allof the Futures Scenarios analyses
are provided below. In the High Electrification Scenario, higher load growth drives
incremental solar and firm dispatchable resource additions above what is included in
the BasePVSC/PVRR expansion plans. Specifically, the High Electrification
Scenario yields an additional 1,000 MW of solar and 748 MW of firm dispatchable
additions. In the High Distributed Solar Scenario, utility-scale solar is displaced by
incremental distributed solar, as weU as additional EE resources, per the inclusion of
the third EE Bundle. Total large solar additions are decreased from 4,000 MW in the
base scenarios to 2,500 MW total in the High Distributed Solar Scenario.

Table 5-5: Preferred Plan Base Expansion Plan
(MW)

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 Total

Grid-scale Solar 0 0 0 0 0 500 500 1000 500 500 500 0 500 0 0 4,000
Battery 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CC 0 0 0 0 0 0 0 835 0 0 0 0 0 0 0 835

Firm Dispatchable 0 0 0 0 0 0 0 0 0 0 0 606 0 374 748 1,728
DR 270 20 21 10 17 41 12 14 15 17 19 20 21 22 23 542

EE 115 130 116 133 143 145 154 157 155 140 138 136 129 126 126 2,041
Wind 0 0 0 126 45 70 66 72 10 107 16 56 31 523 81 1,202

Distributed Solar 154 22 22 21 21 21 21 20 20 20 20 20 20 20 19 442
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Table 5-6: High Electrification Scenario Expansion Plan
(MW)

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 Total

Grid-scale Solar 0 0 0 0 0 500 500 1000 500 500 500 500 500 0 500 5,000

Battery 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CC 0 0 0 0 0 0 0 835 0 0 0 0 0 0 0 835

Firm Dispatchable 0 0 0 0 0 0 0 0 0 374 0 606 374 374 748 2,476

DR 270 20 21 10 17 41 12 14 15 17 19 20 21 22 23 542

EE 115 130 116 133 143 145 154 157 155 140 138 136 129 126 126 2,041

Wind 0 0 0 126 45 70 66 72 10 107 16 56 31 523 81 1,202

Distributed Solar 154 22 22 21 21 21 21 20 20 20 20 20 20 20 19 442

Table 5-7: High Distributed Solar Scenario Expansion Plan
(MW)

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 Total

Grid-scale Solar 0 0 0 0 0 500 0 500 500 0 0 500 500 0 0 2,500

Battery 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CC 0 0 0 0 0 0 0 835 0 0 0 0 0 0 0 835

Firm Dispatchable 0 0 0 0 0 0 0 0 0 0 0 606 0 374 748 1,728

DR 270 20 21 10 17 41 12 14 15 17 19 20 21 22 23 542

EE 151 171 152 174 186 189 202 207 203 185 183 181 171 167 166 2,687

Wind 0 0 0 126 45 70 66 72 10 107 16 56 31 523 81 1,202

Distributed Solar 154 166 9 11 9 14 93 19 127 27 62 64 67 70 72 964

For simplicity, the table below shows cumulative expansion plan additions by resource
type. It is important to note that while DR, EE and battery storage are reflected as
separate categories, and no incremental additions for these resources are shown, they
would be considered to fiH any firm dispatchable needs identified in the expansion
plans. Similarly, evolving economics and value could also shift the mix of wind and
solar additions.

Table 5-8: Cumulative 2020-2034 Additions by Resource Type and Scenario
(MW)

Base Preferred High High Distributed
Case Electrification Solar

Large Scale Solar 4,000 5,000 2,500
Battery 0 0 0

CC 835 835 835

Firm Dispatchable 1,728 2,476 1,728

DR 542 542 542

EE 2,041 2,041 2,687

Wind 1,202 1,202 1,202

Distributed Solar 442 442 964

July 1,2019 2020-2034 Upper Midwest Resource Plan
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E. Prefeffed Plan Benefits

We believe our analysis supports selection of Scenario 9, including the early retirement
of all of our coal resources by 2030 and extension of Monticello nuclear facility to
2040, as our Preferred Plan. While all of our scenarios meet the carbon goal and
ReliabilityRequirement we established, we believe cost and risk considerations elevate
Scenario 9 above the rest as an appropriate path forward.

1. Cost

As demonstrated in our modeling analysis, the Preferred Plan achieves customer
value, not only under the our Base PVSC ($461 million) and PVRR ($204million)
analysis but also under more challenging future conditions as evidenced in our fhgh
Electrification ($81 million) and High Distributed Solar ($51 milhon) Futures Scenario
analysis. In addition, the Preferred Plan yields customer value under aU of the
individual sensitivities run, even in the Futures Scenario that results in the worst case
customer savings outcome (High Distributed Solar Scenario). Lastiy, from a customer
rate impact perspective, the Preferred Plan results in annual rate increases of just over
one (1) percent, which is below the rate of inflation. '̂̂ Altogether, we believe the
Preferred Plan delivers tangible customer savings while taking industry-leading steps
towards a carbon free future.

2. Rjsjk

In addition to beneficial cost outcomes, the Preferred Plan addresses major risks by
maintaining portfolio diversity, retaining optionahty and effectively managing market
exposure. The Plan incorporates significant capacity additions to replace retiring
resources, consisting of a diverse portfolio of DSM, nuclear extension, solar, wind,
and fkm dispatchable resource additions. Ensuring we do not become too dependent
on a single fuel source mitigates risk. In addition, deferring a decision on a potential
Prairie Island license extension affords us additional flexibility to reevaluate in future
resource planning cycles, as technology costs and other key assumptions can change
quickly.

We also evaluate factors such as energy market exposure and portfolio length. All of
our baseload scenarios show high levels of market interaction, driven in part by
significant renewable additions; but our selected Plan minimizes them relative to other
scenarios and attempts to carefully balance and pace renewable additions with other
resources. Further, we typically try to achieve a closer supply-demand balance than

As noted in Chapter 4: Preferred Plan and discussed further in Chapter 6: Customer Rate and Cost Impacts
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any of our baseload scenarios offer, although the 500-1000 MW of length in any
scenario is relatively nhnirnal compared to our overall system. We believe our
Preferred Plan's portfolio length is warranted at this time, however, and creates an
effective hedge for our customers against two key risk factors:

• Capital Investment Wind Down A^t Ketiring Plants. The retirement of aU 2,400 MW
of our coal assets, in addition to a few other units by 2030 exposes our
customers to some risk as we wind down operations and reduce capital spend
at these plants. In the event of an early outage, excess capacity wiU give us the
option to flex the retirement dates as needed if we find that a capital
investment is not in our customers' best interests at that time.

• Renewable and Use-Umited Resource Capacity Accreditation. Solar capacity
accreditation is assumed at 50 percent credit in aU years of our modeling. We
expect this to change as MISO changes its approach to forward capacity
accreditation —recognizing that as solar penetration increases in the footprint,
the accredited value of solar will decline. The same also applies for use-limited
resources Hke DR. We discuss this emerging MISO recognition in the
BaseloadStudy provided as Appendix Jl, in conjunction with the Reliability
Requirement in Appendix J2, and in discussion of our Supporting
Infrastructure —Transmission & Distribution, provided as Appendix I.

VL CONCLUSION

Consideringthe above we believe our modeling and analysis fuUy supports selection
of the Preferred Plan, and strikes a strong balance in meeting our planning objectives,
in service of our customers' needs. The plan sets us on a path to deliver tangible
savings to our customers, while transitioning our system to meet both our 2030
carbon reduction objectives and longer term carbon-free goals.

July1, 2019 2020-2034 Upper Midwest Resource Plan
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^PENDIX D - NON-TECHNICAL SUMMARA1

I. INTRODUCTION

Northern States Power Company-Minnesota is a wholly-owned operating subsidiary
of Xcel Energy, Inc. that owns and operates, in conjunction with its affiliate Northern
States Power Company-Wisconsin, the integrated NSP System of generation and
transmission assets that serves more than 1.8 million electric customers in Michigan,
Minnesota, North Dakota, South Dakota, and Wisconsin. This 2020-2034 Upper
Midwest Integrated Resource Plan builds on our strong foundation of cost-effective
environmental performance and the generating fleet transition we began in our last
Resource Plan.

Our Resource Plan is founded on unprecedented levels of stakeholder engagement
and technical analyses that examined an orderly retirement of our baseload generating
units. We engaged a national expert on energy policy and economics. Dr. Susan
Tierney with Analysis Group. Dr. Tierney not only brought a national perspective,
but was also an independent third party that helped facilitate engaging and productive
dialogue with stakeholders. We also retained Energy and Envkonmental Economics,
Inc. (E3), to perform independent modeling and analysis of our system in order to
ensure transparent work and access to the data and models for stakeholders. E3 is a
recogmzed industry-leading firm based in San Francisco and consults extensively with
utilities, developers, government agencies, and environmental groups on clean energy
issues.

To develop our plan, we analyzed numerous assumptions and sensitivities to identify
the plan that best meets customer needs, achieves our obligations and goals, and
ensures we maintain a resilient and reliable grid. Our Preferred Plan represents the set
of generation and conservation resources that we propose to meet our customers'
needs over the next 15 years, which we believe is the best suite of resources that
meets our planning objectives.

2020-2034 Upper Midwest Resource Plan
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Figure 1: Xcel Energy Integrated Resource Plan Objectives
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Our Preferred Plan includes the elirnination of coal-fired generation from our system
by 2030, the acquisition of at least 3,000 megawatts (MW) of utility-scale solar, a
substantial increase in energy efficiency (EE) programs and Demand Response (DR),
an operating extension of our carbon-free MonticeUo nuclear plant, and a proposal to
construct a new combined cycle at our Sherco site. In total, we have an ambitious
plan that supports the Company's goal of reducing carbon emissions 80 percent by
2030, and it moves us toward our ultimate vision of 100 percent carbon-free energy
by 2050.

2020-2034 Upper Midwest Resource Plan
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Figure 2: Preferred Plan Highlights
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Our Preferred Plan will be evaluated based on its ability to: maintain or improve the
adequacy and reliability of utility service; keep the customers' bills and the utility's
rates as low as practicable, given regulatory and other constraints; minimize adverse
socioeconomic effects and adverse effects upon the environment; enhance the utility's
ability to respond to changes in the financial, social, and technological factors
affecting its operations; and limit the risk of adverse effects on the utility and its
customers from financial, social, and technological factors that the utility cannot
control.^

11. A CHANGING PLANNING LANDSCAPE

There are key internal and external market contexts that affect how we have
developed, and plan to execute on, our Preferred Plan. Below provide a contextual
discussion of the planning landscape within which we developed and are presenting
the results of our current resource planning efforts.

A. Regional Reliability and Market Constructs

While the regional system operator that designs many of our market and planning
requirements continues to examine the effects of high renewable adoption on the
grid, it has not yet developed robust and forward-looking capacity accreditation
constructs to account for how renewables' contributions to peak demand wiU change

^Minn. R. 7843.0500, subp. 3

2020-2034 Upper Midwest Resource Plan
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over time. This introduces complexity to designing a plan far into the future, and
how we carry out those plans.

Likewise, while we are committed to substantially increasing renewables on our
system to achieve our carbonreduction goals, we also anticipate facing challenges to
integrating this newclean generation, given the delayed interconnection studies and
current Hmited state of open transmission availability. Our ability to connect these
new renewables in a cost-effective manner depends materially on constructs that
enablecareful management of our interconnection rights in the near-to-medium term
as well as new transmission in the long term.

B. Distributed Energy Resources (DER)

At the same time as we work to clean our grid mix, we also recognize that customers
are now exercisingmore choice around how and from where they consume energy.
Our customers' adoption of DER and new types of load mean that consumption
patterns from our centralized power system are changing. The opportumties are
exciting; however, customeradoption of DER and new types of load behind the
meter introduces uncertainties in our planning processes —particularly if we do not
have adequate visibility into how and when that new DER or demandis comingonto
our system.

Fortunately, we have made progress integrating distribution planning into our
resource planning. As with other aspects of the industry that are transitioning and
advancing, we are on the forefront of integrated distributionplanning, and evaluating
and procuring the next generation of distributionplanning tools. These tools are
needed to increase our forecasting and analysis capabilities and impact the integration
of planningprocesses. Thus, while work continues to incorporate these planning
processes and DER on our system, additionalwork and tools are needed.

C. Community and Employee Considerations

As we move forward with our carbon reduction goals, we are cogmzant that phasing
out some of our legacy generation assets has a significant impact not only on our
energy mix, but on the economies of communities where those plants are locatedand
the employees who work in those plants. This is particularly true of our coal facilities,
where the plants are prominent places of employment and contributors to the
property tax base in the community.

As we continue toward achievement of our aggressive carbon goals,we will continue
to make significant cleanenergy investments in the stateswe serve. As we do so, we

2020-2034 Upper Midwest Resource Plan
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will look for opportunities to create fair access to clean energyprograms, jobs and
economic development opportunities. Going forward, we continue to be dedicated to
working with employees, communities, and stakeholders to manage community
impacts throughout our clean energy transition.

D. Customer Preferences

We are increasingly hearing from our customers that they have a growing interest in
increasing their energy management capabilities and desire a more customized energy
mix than has been traditionally available. Residential customers tell us that they value
choice and clean, affordable, and reliable energy. At the same time, municipalities
within our service territory are expressingchanging expectations to address their
citizens' interests in achieving sustainability goals and engage residents around energy
issues.

Our customers also are interested in various types of self-generation. This includes
increased small-scale solar penetration through behind the meter installations or
community solar gardens. Industrial customers are also interested in exploring the
addition of larger scale Combined Heat and Power (CHP) installations at their
facilities. The installation of self-generation on our system impacts our resource
needs, planning goals, and ultimate resource mix.

We also know that customers are sensitive to rate changes. For example, our large
industrial customers are energy-intensive and thus highly-sensitive to energy rates,
with less sensitivity to other terms of service. These are key considerations as we plan
our resource mix to meet the needs of our customers over the planning period.

E. Supply and Technology Trends

The rapid pace of advancement in energy technologies has impacted and will continue
to impact the future of our industry. Emerging technologies related to grid
modernization, energy storage, electric vehicles, resource extraction, renewable energy
and other alternative fuels and generation methods are enabling a smarter and more
resilient energy system.

While this new technology provides opportunities for a modernized energy system,
operating that systemis a complex matter. We are taking a measured approach to
identify new and better ways to provide our customers with high quality service, meet
increasing enviconmental requirements, and implement advancements and
standardized processes that enhance the safety of our operations and overallvalue to
customers. Our approach to these emerging technologies is to learn from the current

2020-2034 Upper Midwest Resource Plan
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deployments, both internal to Xcel Energy and within the industry, and implement
initiatives at the pace of value to our customers and operations.

F. Five State Integrated System

Our integrated Upper Midwest system provides service on a multi-jurisdictional basis
to 1.8 million customers across five states. Through this integration, we have
historically leveraged economies of scale to support needed investments. Each
resource on the Upper Midwest system —whether generation or transmission —was
developed in consideration of the whole system, to take advantage of the economies
of scale available through integrated system planning. Indeed, planning for the varied
needs of each of these five states was critical to the formation of our Preferred Plan.

G. The Evolving NSP System

This accelerated transition away from coal requires the Company to plan for the
retirement of 2,400 MW of coal-fited generation in the next decade, which represents
almost one-fourth of the total capacity in our current generation fleet. We will also
experience a reduction in energy resources due several purchase power contracts
expiring.

At the same time, we are increasing the amount of renewable generation on our
system. Yet, these resources cannot alone reliably provide customers the energy they
demand every hour of every day, or maintain the stability of the grid. Until such time
as new technologies develop to fully transition the grid to carbon-free resources, some
level of load-supporting, firm dispatchable resources is necessary for grid resilience
and customer reliability. As such, our plan incorporates a Reliability Requirement as a
bridge until the current planning processes adapt to recognize the transition that is
underway.

Taken together, the impact of these system changes was critical to our resource
planning analysis as we evaluated meeting our capacity and energy needs wltile
maintaining reliability, retaining flexibility, and avoiding over-reliance on any one fuel
source.

The planning landscape underl)ting this Resource Plan has greatly informed our
planning efforts. We continue to believe that proactive leadership in the face of
evolving industry, new and proposed envitonmental regulation, customer
expectations, emerging technologies, and changes to the NSP System wiU allow us to
affitmatively address these trends rather than being shaped by them. These evolving

2020-2034 Upper Midwest Resource Plan
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factors also call for sufficient flexibility that allows us to adjust and react as we gain
more clarity on the planning landscape.

III. KEY CONSIDERATIONS OF THE PREFERRED PLAN

Resource Planning is a complex and integrated process of planning for the capacity,
energy, and emission requirements of the electric system. The process incorporates a
number of key assumptions or industry projections that helps aU participants develop
a common vision of what the future planning emtironment may look hke. This
ongoing planning process requires utilities to examine and establish a long-term
proposal for management, operation, and expansion or contraction of theic generating
and demand management resources to meet customer needs.

Traditionally a primary focus of resource planning has been to identify the least-cost
approach to pro\tide reliable service and meet growing demand. While this is still a
part of our foundation, this Plan begins to move away from a more concentrated view
of traditional thermalgeneration to incorporating new generation technologies,
increasing carbon-free energy, reducing emission profiles, and therebypositioningthe
NSP System for the future.

The Preferred Plan we present was developed to address the planning landscape in
which it was developed and in consideration of our four key planning objectives: (1)
Environmental Benefits and Innovation (2) Rehabihty (3) Cost (4) Risk Mitigation and
Flexibility. Underscoring all of these objectives is our commitment to our employees
and the communities within which we operate.

A. Environmental and Innovation

Environmental benefits and the technological innovations that will help us achieve
them are front and center in this Resource Plan process. We have made a bold
commitment to achieve 80 percent carbon reduction from 2005 levels by 2030, and
have considered this target a modeling pillar for aU of our potential scenarios. Our
Preferred Plan achieves this goal in several ways. First, our Preferred Plan eliininates
coal from our systemby 2030, extends our carbon-free MonticeUo plant to 2040, adds
at least 4,000 MW of new renewable resources, including substantialnew solar
capacity additions, and maintains the wind levels committed to in our previous
Resource Plan by replacing renewables with renewables when they reach the end of
their operating lives.

Manyof these resource additions are not needed for a number of years. We therefore
expect technological advancements and innovations will create opportunities in

2020-2034 Upper Midwest Resource Plan
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future planning and procurement processes if we are able to retain the flexibility we
seek with this plan.

B. Reliability

Our responsibility to ensure a reliable electricity supply for our customers is a
fundamental underpinning of our Preferred Plan. We therefore developed a
Reliability Requirement that establishes a minimum level of firm dispatchable
resources that is required to serve our customers' needs in every hour of every day.
We developed the ReliabilityRequirement through analysis of industry trends and
careful study of our system's performance and the broader Midcontinent Independent
System Operator (MISO) system's performance during both winter and summer days
when renewables were unavailable —sometimes for lengthy durations.^

This Requitement does not drive any firm dispatchable load supporting resource
additions in our Preferred Plan until after 2030. Prior to 2030, our Preferred Plan
relies on two primary sources to ensure reliability: (1) combined cycle (CC) generating
plants —specifically the Mankato Energy Center (MEG) that we have proposed to
acquire, one at our Sherco location near Becker, Minnesota (Sherco CC), and (2) our
MonticeUo and Prairie Island nuclear units. Combined cycle generating units are
intermediate natural gas resources that efficiently address rehabihty challenges
associated with the variability of wind and solar and customer needs, because they can
vary thek output to adapt as demand for electricity changes over the course of the day
and year. With respect to nuclear generation, our proposed extension of the
MonticeUo operating Hcense not only represents a carbon-free workhorse of a
resource, it also enhances fuel diversity and provides a generation resource that is not
subject to seasonal fuel supply limitations.

C. Cost

Along with leading the clean energy transition and enhancing the customer
experience, keeping customer costs low is one of Xcel Energy's central, guiding
objectives. Since our last Resource Plan, renewable technology costs —and in
particular, solar costs —have continued to decUne; we expect this trend to continue

' MISO isanindependent, not-for-profit organi2ation thatdelivers safe, cost-effective electric power
across 15 U.S. states and the Canadian province of Manitoba. The NSP System is part of MISO,
which is part of the Eastern Interconnection that connects the generation and transmission assets of
the electricalgrids from the Rocky Mountains to the East Coast and from Canada to the Gulf of
Mexico. This interconnected network of generating resources and transmission infrastructure works
together to seamlesslyrespond and adjust to dynamic and sometimes adverse ckcumstances to
provide an adequate and reliable supply of electricity to customers.

2020-2034 Upper Midwest Resource Plan
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going forward. Taking advantage of technological advancements is one reason that
we can deliver a Preferred Plan that achieves deep carbon reductions for a nominal
customer cost of just over one (1) percent Compound Annual Growth Rate (CAGR)
over the planning period. And over the long run, our Preferred Plan is expected to
yieldnet present value savings —yielding |203 million of benefits on present value
revenue requirements (PVRR) basis and $461 million of benefits on a present value
societal costs (PVSC) basis.

D. Risk and Flexibility

Finally, we also seek to mitigate customer risk by ensuring fuel diversity, maintaining
appropriate capacity length in our portfolio, and maintaining flexibility in our plans.
Portfolio fuel diversityis essential to risk mitigation —especially so, as we transition
away from coal. Incorporating a mix of nuclear, load management, intermediate and
peaking natural gas capacity, and renewables into our long-term plans ensures that our
portfolio is adequately diverse —mitigating the risk associated with overdependence
on any one fuel source. Further, the proposed resource additions identified in our
Preferred Plan result in a capacity position that is between 500-1,000 MW long in any
given year. We believe this modest length is prudent, particularly as we propose to
substantially increase renewable resources —adding more than 4,000 MW of
incremental new renewable capacity, in addition to our akeady large wind fleet.

Both MISO and independent analyses suggest that capacity accreditation for solar in
particular wiU decline substantially as more capacity is added. We expect MISO wiU
ultimately recognize this conclusion from its ongoing study of issues associated with
integration of high levels of renewables in its planning construct.^ Therefore, whatwe
believe today to be a long capacity position may actually erode over time.

Maintaining a significant amount of flexibility iu our future plans is essential to reliably
and affordably navigating the transition of our fleet. To that end, we are deferring a
decision on pursuing a license extension at the Prairie Island nuclear plant to
subsequent resource plans, thereby preserving flexibility to respond to market
conditions at that time.

Underscoring all four of our objectives is our commitment to our employees and the
communities within which we operate. We do not make plant closure decisions
lightly, and we are committed to supporting our employees at the Sherco and King
plants as we prepare to retite these facilities. We also know that the Company is a

^We discuss MlSO's Renejvable Integration ImpactAssessment (RllA) in more detail in ourBaseload
Study, provided as Appendix J1.
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major presence in terms of employment and local tax revenues in Becker and Oak
Park Heights and the surrounding areas. We also have partners at our Sherco site
with Liberty Paper and SMMPA (Southern Minnesota Municipal Power Agency). We
are currendy participating, alongside Minnesota Power, in a Host Community Impact
study, to better understand the potential impact of power plant retirements on host
communities. We are committed to continue to work with our employees and
communities to navigate this transition together.

IV. THE PREFERRED PLAN

To develop the Preferred Plan, we first developed a Reference Case plan that
continues the path we set out in our 2015 Resource Plan, with respect to operation of
our baseload generating units. This Reference Case provides an opportunity to at
least achieve the carbon reduction goals set-out in our previous Resource Plan, while
meeting our minimum systemneeds and compliance obligations. Our Reference Case
provides a base line from which we measured the emission reduction benefits,
renewable and other energy additions and estimated cost impacts of our Preferred
Plan.

A. Determining Customer Needs

Deterrnining our customers' needs for electricity is a key component of any resource
plan, and provides the foundation for deterrnining the type and amount of resources
that will be needed over the 15 year planning period. To this, we forecast of
customers' needs starts in terms of capacity, or peak demand, which informs the total
amount of generating capacity (in megawatts, or MW) needed to meet our customers'
needs in the highest demand hour (i.e. peak-hour) in each year of the planning period.
We also assess the amount of total energy (measured in megawatt hours or MWh) we
expect customers to consume in each year of the planning period. Together, the peak
demand and total energy needs inform the type of generating resources that will best
meet customer needs.

To this, we add a "reserve margin" prescribed by MISO, which is intended to cover
potential uncertainties in the availability of resources or level of demand. We then
subtract the resources we already have or expect to have, to determine our net surplus
or need. We illustrate this concept and discuss each of the components below.

2020-2034 Upper Midwest Resource Plan
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Figure 3: Net Resource Need/Surplus Calculation

Customer Needs Forecast

Plus MISO Reserve Margin
EqualsTotal Capacity Obligation

MinusDemand Response Capability
MinusGeneration Capacity (measured by UCAP)
Minus Generation Adjustments

EqualslP^^t Resource Need/Surplus

This analysis yields our net generation capacity surplus or deficit over the planning
period, shown below:

2020-2034 Upper Midwest Resource Plan
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Table 1: Reference Case Load and Resources'^
2020-2034 Planning Period

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

System needs (MW)

Forecasted 10,499 10,559 10,621 10,684 10,755 10,820 10,886 10,954 11,140 11,232 11,320 11,418 11,518 11,619 11,717

gross load

Forecasted EE' (1,386) (1,472) (1,517) (1,609) (1,707) (1,822) (1,921) (1,992) (2,125) (2,215) (2,278) (2,366) (2,352) (2,324) (2,415)

(reduction to
load)*
Forecasted net 9,112 9,087 9,103 9,075 9,048 8,998 8,965 8,963 9,014 9,016 9,042 9,052 9,166 9,295 9,301

load

MISO System 95% 95% 95% 95% 95';-o 95% 95% 95':'o 95% 95% 95''/o 95% 95% 95% 95%

Coincident

Coincident 8,657 8,633 8,648 8,621 8,595 8,548 8,517 8,514 8,564 8,565 8,590 8,599 8,708 8,831 8,836

Load

MISO PRM 8.40°''o 8.40% 8.40% 8.40% 8.40% 8.40'!'o 8.40% 8.40% 8.40% 8.40% 8.40% 8.40°''o 8.40% 8.40^0 8.40%

NSP Obligation 9,384 9,358 9,374 9,345 9,317 9,266 9,232 9,230 9,283 9,285 9,312 9,321 9,439 9,572 9,579

Reference Case resources (MW, unforced capacity)'

Load 940 955 970 989 1,007 1,023 1,038 1,053 1,066 1,054 1,043 1,032 1,021 1,010 1,000

Management
(existing)
Load 270 290 312 322 339 380 392 406 421 438 456 476 497 527 550

Management*
(potential
study)
Coal 2,390 2,390 2,390 2,390 1,699 1,699 1,699 1,017 1,017 1,017 1,017 1,017 1,017 1,017 1,017

Nuclear 1,603 1,603 1,603 1,603 1,603 1,603 1,603 1,603 1,603 1,603 1,603 992 992 992 484

Natural 3,295 3,295 3,295 3,295 3,141 2,829 2,624 2,136 2,018 2,018 2,018 2,018 1,765 1,765 1,765

Gas/Oil
MEC* 627 627 627 627 627 627 627 627 627 627 627 627 627 627 627

Sherco CC* 0 0 0 0 0 0 0 727 727 727 727 727 727 727 727

Biomass/RDF 110 110 110 86 86 63 63 63 22 22 22 22 22 22 22

Hydro 877 997 989 989 989 162 162 162 162 162 162 162 156 152 152

Wind 596 650 696 670 659 642 637 622 616 594 593 578 575 511 492

Grid-scale solar 182 182 181 180 179 178 177 176 175 174 174 173 172 171 170

Solar*Rewards 335 339 344 348 352 356 360 365 369 373 377 381 385 389 393

Community
Solar

Distributed 42 48 55 60 66 72 78 83 89 95 100 105 111 116 121

Solar

Existing 11,267 11,486 11,571 11,559 10,746 9,634 9,460 9,040 8,913 8,905 8,920 8,311 8,066 8,026 7,521

Resources

Net Resource 1,884 2,128 2,196 2,213 1,429 368 228 (190) (370) (380) (392) (1,010) (U73) (1,546) (2,058)

(Need)/Surplus

From this point, the modeling underlying our resource planning identifies the best
combination to meet any net resource deficiencies and the resulting energy mix.

In addition to existing and approved resources, those indicatedwith a * include pending or proposed
resources that we have included across all Scenarios, including the Reference Case.
5Includes EE savings from historically installedmeastires, as well as future EE from bundles modeled in this
Resource Plan, achieving 2-3% savings levels. Also includes minimalEV and coincidence adjustments.
^Unforced Capacity (UCAP) is a measure of resource adequacyvalue that we use in modeling to ensure we
have sufficient resources to cover our fullobligation. These valuesare discounted based on actualor expected
average performance, per MISO, relative to the installedcapacityvalues presented in our expansion plans.

2020-2034 Upper Midwest Resource Plan
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B. Reference Case Expansion Plan and Energy Mix

Table 2: Reference Case Annual Expansion Plan (MW)

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Grid-Scale 0 0 0 0 0 500 0 1000 500 500 0 1000 500 0 0

Solar

Battery 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CC 0 0 0 0 0 0 0 835 0 0 0 0 0 0 0

Firm 0 0 0 0 0 0 0 0 0 0 0 0 232 374 374

Dispatch-
able

DR 270 20 21 10 17 41 12 14 15 17 19 20 21 22 23

EE 115 130 116 133 143 145 154 157 155 140 138 136 129 126 126

Wind 0 0 0 126 45 70 66 72 10 107 16 56 31 523 1581

Distributed 154 22 22 21 21 21 21 20 20 20 20 20 20 20 19

Solar

Total 540 172 159 290 226 111 252 2,098 700 784 193 1,232 932 1,065 2,123

C. Developing the Preferred Plan

We use a modeling tool called Strategist, which aUows us to explore how we best meet
our customer and policy requirements under a variety of conditions and at a
reasonable cost. We work with internal and external subject matter experts to develop
starting assumptions that reflect their expert opinion of likely future conditions. We
then test the robustness of the plans through sensitivity analyses by individually
changing key assumptions and re-running the plans under these changed assumptions.

Beginning with our Reference Case to meet our rninimum system needs, we created
15 scenarios. Because one of our requirements with this Plan was to examine a
potential schedule for a cost-effective and orderly retirement of baseload generating
units not already scheduled to retire early (King, Sherco 3, MonticeUo, and Prairie
Island Units 1 and 2), we performed technical studies as part of an overall Baseload
Study that informed these scenarios and their costs.

These scenarios examined different combinations and timing of baseload unit
retkements, and the resulting size, type, and timing of new resources we would need
to add in order to continue meeting customers' needs, achieve our 2030 carbon
reduction goals, and maintain affordable rates. Key scenario groupiags analyzed
include:

• ^arly Coal Analyses to evaluate the economics (i.e. revenue requirement
impacts) of retiring King and/or Sherco 3 early.

• ^arly Nuclear. Analyses to test the economics of retiring MonticeUo and/or
Prairie Island early, either alone or together and with the combination of early
coal retirements.

2020-2034 Upper Midwest Resource Plan
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• Expend Nuclear. Analyses to test the economics of re-licensing Monticello
and/or Prairie Island and extending the operational life by ten years over the
current retirement date.

Based on these analyses, we believe that our Preferred Plan meets all of our key
planning objectives, positions us weU to meet customers' needs, reasonably balances
outcomes and costs —aU while providing us with the necessary strategic flexibility to
address the planning landscape.

D. Preferred Plan

Key components of our Preferred Plan include:

• CoalResources —Retire our last two units early: King in 2028 (nine years
early) and Sherco 3 in 2030 (ten years early). Additionally, continue our plan to
retire Sherco 1 and 2 in 2026 and 2023, respectively, and commit to offering
Sherco Unit 2 into MISO on a seasonal basis until its retirement.

• NuclearResources —Operate our MonticeUo unit through 2040 (10 years
longer than its current Hcense) and operate both Prairie Island units through
the endof theit current licenses (PI Unit 1 to 2033 andPI Unit2 to 2034).^

• Renewable Resources —While the exact wind and solar mix could vary based
on a variety of reasons, at this time we propose to add 4,000 MW of cumulative
utility scale resources by 2034 (the first being in 2025) and approximately 1,200
MW of cumulative wind by 2034 to replace wind that is set to retire from our
system during that period.

• Combined Cycle Resources —Acquire and operate MEG and build, own and
operate Sherco CC to satisfy significant capacity and operational needs created
by coal closures.

• Firm Load Supporting Resources —Starting in 2031, add approximately
1,700 MW of cumulative firm dispatchable, load-supporting resources by 2034.

• Demand Side Management —Include energy efficiency (EE) programs
representing an approximately 780 GWh of sa\tings annually through 2034
(compared to average annual energy savings of 444 GWh in our last Resource
Plan) and the addition of 400 MW of incremental Demand Response (DR) by
2023, achieving a total of over 1,500 MW DR by 2034.

7 Given that our operating licenses for Prairie Island run until 2033 and 2034,we believe there is
sufficient time to address the future of that plant in upcoming resource plans.

2020-2034 Upper Midwest Resource Plan
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Table 3 below outlines the proposed tirning, type, and size of resource additions
comprising our Preferred Plan.

Table 3: Preferred Plan Resource Additions (MW)

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Grid-Scale

Solar

0 0 0 0 0 500 500 1000 500 500 500 0 500 0 0

Battery 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CC 0 0 0 0 0 0 0 835 0 0 0 0 0 0 0

Firm

Dispatch-
able

0 0 0 0 0 , 0 0 0 0 0 0 606 0 374 748

DR 270 20 21 10 17 41 12 14 15 17 19 20 21 22 23

EE 115 130 116 133 143 145 154 157 155 140 138 136 129 126 126

Wind 0 0 0 126 45 70 66 72 10 107 16 56 31 523 81

Distributed

Solar

154 22 22 21 21 21 21 20 20 20 20 20 20 20 19

Total 540 172 159 290 226 777 752 2,098 700 784 693 838 700 1,065 997

Our Preferred Plan outlined above would result in the energy mix shown in Figure 4
below.

Figure 4: Preferred Plan Energy Mix ' v

Preferred Plan energy mix
% of total generation

2020

2034

Natural Gas

25%

Natural Gas

13%

Nuclear

18%

Nuclear

25%

Wind

27%

Carbon Free 60%

Wind

37%

Carbon Free 75%

Hydro and
Solar Blomass
3% 6%

Hydro and
Solar Biomass

17% 2%

Our Preferred Plan achieves several important goals:

2020-2034 Upper Midwest Resource Plan
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Reliability. Our Preferred Plan maintains the safe and reliable servdce we have been
providing for many years, and ensures that the NSP System has sufficient capacity and
energy available during the planning period.

Environmental Outcomes. Implementing our Preferred Plan wiU allow us to reduce our
carbon emissions over 80 percent from 2005 levels by 2030. Additionally, our
Preferred Plan adds significant renewable energy to the NSP System.

Strategic Flexibility. Our Preferred Plan positions the Company well in the current
planning landscape —meeting near-term needs and creating flexibility for the future.
As we have described, planning constructs, poHcies, and technology costs are aU
creating uncertainty, which leads us to prioritize strategic flexibility in our plans to
preserve the most value for our customers

Affordability. As discussed below in the Rate Impact section, we estimate that our
Preferred Plan can be implemented at reasonable cost to our customers.

V. FIVE-YEAR ACTION PLAN

Our Preferred Plan does not identify any incremental capacity needs through 2024.
Thus, our actions in the next five years primarily address previously approved or
pending resource additions and retirements, wind repowering and procurement to
meet specific customer needs, and continuing to achieve reductions in energy demand
and load through ambitious DSM programs. We also plan to make targeted
investments in supporting infrastructure to accommodate increased renewable energy
and DER on the grid, and to gain operational experience with technologies that may
play a larger role on our grid in the future. Key highlights are as foUows:

Wind. We expect that the 1,850 MW of wind generation resulting from our recent
acquisitions and RFPs wiU achieve commercial operation by 2022. We expect to
replace wind capacity that wiU expite, and we are committed to pursuing repowering
and/or contract extension opportunities for this capacity, as part of our "no going
back" renewables strategy. Further, we intend to pursue incremental renewable
resources as needed to meet customer needs in growing customer programs like
Renewable*Connect.

Solar. Our Preferred Plan includes significant amounts of large scale solar, with the
initial addition of 500 MW occurring in 2025 —just outside of the five-year Action
Plan window. We expect to implement a competitive acquisition process in the 2023
to 2024 timeframe and bring these resources online by the end of 2025. On the
distributed solar side, we have included forecasted growth in our plan. If actual
distributed solar capacity additions exceed our expectations, we anticipate this wiU
displace a portion of our proposed utility-scale solar resources.

2020-2034 Upper Midwest Resource Plan
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Nuclear. Our Preferred Plan includes a request to operate our Monticello nuclear unit
for an additional 10 years beyond its current license. While the license does not end
until 2030, we expect to begin a proceeding with the Commission within the next five
years and also begin working toward license extension with the Nuclear Regulatory
Commission during this timeframe.

Natural GasI OilPeaking. We anticipate extending the life of Blue Lake Units 1-4
through 2020-2023,^ which provides 153 MW of peaking capacity to the NSP System.
Our Preferred Plan further includes our acquisition of MEC, which is currently
pending Commission consideration. Finally, we plan to continue development
activities associated with the Sherco CC during the next five years.

In addition, as discussed in our last Resource Plan, system retirements wiU impact our
current blackstart plans and we are currently analyzing our blackstart path to
determine the best fit for our system needs. While we do not propose any action
related to the system blackstart at this time, we anticipate addressing this in our next
Resource Plan or earlier, if system needs dictate the need to do so.
Coal. As approved in our last Resource Plan, we will take action with MISO and retire
Sherco Unit 2 in 2023, and intend to offer it into MISO on a seasonal basis until that
time. Though outside the five-year action window, we are proposing to retire the
remainder of our coal units (Sherco 2, Sherco 3 and King) before 2030. As with our
previous plant retirements, we plan to begin working with our employees and host
communities to prepare for this transition.

Demand Kesponse. Our Preferred Plan proposes to acquire 400 MW of DR resources
by 2023.

Supporting Infrastructure. Aside from the grid-scale and DER additions included in our
Plan, sufficient supporting infrastructure is essential to facilitate our fleet
transformation, ensure grid resilience and reliability, and to enable greater DER and
DR resources on our system. We expect further and substantial transmission
infrastructure development will be necessary over the long-term, which will involve
planning in the near-term. We also are continuing to refine our advanced grid strategy
and intend to propose implementation of foundational grid modernization
investments —and continue our work to integrate planning processes at aU levels of
the grid.

Kesource treatment across states. We continue to explore options with the North Dakota

Pending decision in Docket E,G002/D-19-161

2020-2034 Upper Midwest Resource Plan
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Public Service Commission to create a resource planning process can more formally
accommodate generation portfolio preferences. We believe additional discussions
with aU of our state Commissions will be necessary during the five-year action
planning period to address differing energy policies and changes in cost allocations
that may result.

VI. RATE IMPACTS

Overall, our Preferred Plan results in an estimated average annual increase in revenue
requirements less than the Reference Case and just over 1 percent overall. In other
words, we can achieve significant CO2 emissions reductions, with cost impacts that
are roughly half the expected national average increase in electricity prices.
This is demonstrated in Figure 5 below.

Figure 5: Preferred Plan Average Nominal Cost Comparison
NSP System
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* Notes: Nationalener^ costforecastfromEnergy Information Administration (EIA) Annual Energy Outlook 2019, Table Energy
Supply, Disposition, Prices andEmissions —Reference Case. End useprices, allsector average? The Preferred Plan and Reference
Plan lines include the costs ofSolarR£wards*Community.

^See https:/ /www.eia.gov/oudooks /aeo/data/browser/#/?id=8-AEQ2019&region=0-
Q&cases=ref2Q19&start=2017&end=2Q50&f=A&linechart=~ref2019-dlll618a.70-8-

AEO2019&ctype^lmechart&sid=ref2015-d021915a.70-8-AEQ2Ql 5~ref2Ql 9-dl 11618a.7Q-8-
AEO2019&sourcekey=0 The EIA's Annual Energy Oudook was published in January 2019. The report is
available at https:/ /www.eia.gov/oudooks /aeo /pdf/aeo2019.pdf.

2020-2034 Upper Midwest Resource Plan
Page 18 of 19



Xcel Energy

NSP Late-Filed Exhibit 3

IRP Excerpt —Appendix D

Docket No. E002/RP-19-368
Appendix D: Non-Technical Summary

Figure 6 below demonstrates the actual impact implementation of our Preferred Plan
would have on our customers' bills. We note that the Preferred Plan's average
estimated rate impact, relative to the Reference Case, in any given is well under $0.01
per kWh.

Figure 6: Incremental Rate Impact of Preferred Resource Plan
State of Minnesota - All Customers
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VII. CONCLUSION

The Preferred Plan we propose in this 2020-2034 Upper Midwest Resource Plan
reflects extensive collaboration with stakeholders as well as independent expert
analysis. Our Preferred Plan proposes to elirninate coal, add even more renewables,
and continue our industry-leading energy efficiency and demand response programs,
all while preserving reliability and affordability for our customers. It also meets the
varied interests of our five-state Upper Midwest region. By planning ahead and
charting an orderly, gradual transition of our generation fleet, we believe we can
achieve all of these goals while managing the impacts to our host communities and
employees, preser\'"ing the reliability and stability of our system, and maintaining
affordability for our customers. For these reasons, as discussed throughout this filing,
we believe our Preferred Plan is in the public interest and merits Commission
approval.
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APPENDIX F2 - STRATEGIST MODELING ASSUMPTIONS & INPUTS

A. Discount Rate and Capital Structure

The discount rate used for levelized cost calculations and the present value of
modeled costs is 6.53 percent. The rates shown below were calculated by taking a
weighted average of each NSP jurisdiction's last allowed/settled electric retail rate
case.

Table 1: Discount Rate and Capital Structure

Discount Rate and Capital Structure

Capital
Structure

Allowed

Return

Before Tax

Electric WACO

After Tax Electric

WACO

Long-Term Debt 46.16% 4 80% 2.22% 1.60%

Common Equity 52.35% 9.35% 4.90% 4.90%

Short-Teim Debt 1.49% 3.65% 0.05% 0.04%

Total 7.17% 6.53%

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 theic
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 8.4 percent from the 2018-2019
LOLE Study Report published November 2017. The coincidence factor between the
NSP System and MISO system peak is 5 percent. Therefore, the effective reserve
margin is:

(1 - 5%) * (1 + 8.4%) -1 = 2.98%.

D. COo Costs

The PVSC Base Case C02 values are based on the high enviconmental cost values for
C02 through 2024 (page 31 of the Minnesota PubHc Utilities Commission's Order
UpdatingEnvironmental Cost Values in Docket No. E999/CT14-643 issuedJanuary
3, 2018.). AU prices are converted to 2018 real doUars using the 2017 GPDIPD of

2020-2034 Upper Midwest Resource Plan
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113.416 and then escalate at general inflation thereafter.

The PVSC Base Casevalues starting in 2025 are based on the "high" end of the range
of 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 issuedJune 11, 2018). AU 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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(Year

2018i

To19
To20
Fo21
2022

2023

^024
y025
2026;

2027

2028

2029

i030
^031
2032

^033
2034

2035

^036
^037
2038

^039
2^040
y041
2042

7o43
^044
y045
J046
^047
^048
2049

2050

2051

2052;

2053

2054

2055

^056
2057

•Wl'
vironmental

Co^

$9.09

$9.49

$9.90

$10.32

$10.7f
$1^2
$1169

$12/6
$12.67

$13.17

$pyo
$i4.24

$15.^
$15.^
$y6.57
$17.21

$17.85

$1^52
$19^0
$19.91

$^^
$Flti8
$^.14

$23.74

$24.M

$S^43
$^33
$27.23

$28.17

$29.12

$Ai4
$32.18

$^26
$34tii
$35.50

$36.^
$37.86
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Table 2: C02 Costs

C02 Costs ($ per short ton)

Environtnental Environmental/

Cost Reguiatoiy Costs

Mid '

Environmental/

Regulatory Costs

.^PVgC?High-
1 A- ftarH
Environmental/

Regulatory Costs

"ft>VRR'f.Onnlttlifg
* C02jC;ost ^

-Considerations

$42.76

$^.58
$46^5
$48739
$50.38

^2^43
$54.55

$56.72

$58797
$61.29

$63.67

$667i2
$68.64

$71724
$7i791
^6.67
$p.50
$82.41

$85.41

m50

Vi.68
$94?96
$98.32

$101.78

$105.34

^OTOO
$il2J6
$iT6.63
$120.61

$124til
$^8^92
$m24

il37.69
"$142.26
$146.97

$151.80

$156.76

Jlki!87
$1^7.11
$172.51

$9.09 $25.92 $42.76 $0.00

$9749 $27.04 $4T58 $0.00

$9.90 $28.18 $46.45 $0.00

$10.32 $29.35 $48.39 $6.00
$iCL77 $30.57 $50.38 $0.00

$31.82 $52.43 $0.00

iifig $33.12 $54.55 $0.00

$5.00 $15.00 $257oO $0.00

$5.10 $15.30 $25.50 $0.00

$5.20 $15.61 $26.01 $0.00

$5.31 $15792 $2^53 $0.00

$5741 $16.24 $27.06 $0.00

$5.52 $16.56 $2^60 $0.00

$5.63 $16789 $28.15 $0.66"
$574 $17.23 $28.72 $0.00

$5.86 $17.57 $29.29 $0.00

$5.98 $17.93 $29.88 $0.00

$6.09 $18.28 $30.47 $0.00

$6.22 $18.65 $31.08 $0.00

$6.34 $19.02 $31.71 $0.00

$647 $19.40 $32.34 $0.00

$660 $19.79 $32.99 $6.00
$k73 $20.19 $33.65 $0.00

$6.86 $20.59 $34.32 $0.00

$7.00 $21.00 $35.01 $0.00

$7.14 $21.42 $35.71 $0.00

$7.28 $21.85 $36.42 $0.00

$7.43 $22.29 $37.15 $0.00

$7.58 $22.73 $37.89 $0.00

$7.73 $23.19 $38.65 $0.00

$7.88 $23.65 $39.42 $0.00

$8.04 $24.13 $40.21 $0.00

$8.20 $24.61 $41.02 $0.00

$k37 $25.10 $41.84 $0.00

$8.53 $25.60 1 $42.67 $0.00

$8.71 $26.12 $43.53 $0.00

$8.88 $26.64 $44.40 $0.00

$9.06 $27.17 $45.28 $0.00

$9.24 $27.71 $46.19 $0.00

$9.42 $28.27 $47.11 $0.00

E. All Other Externality Costs

The values of the criteria poUutants 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 issuedJanuary 3, 2018.
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The midpoint externality costs are the average of the low and high values. AU prices
are escalated to 2018 real doUars using the 2017 GPDIPD of 113.416. The high, low
and midpoint externality costs will be used in the C02 sensitivities as described
above.

Table 3: Externality Costs

MPUC Low Externality Costs

2018 $ per short ton

Urban Metro Fringe Rural <200mi

S02 , $6,116 $4,829 $3,643 $0

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

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

c6"^ $1.65 $1.17 $0.31 $0.31

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

MPUC High Externality Costs

2018 $ per short ton

Urban Metro Fringe Rural <200mi

S02 ,$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

MPUC Midpoint Externality Costs

2018 $ per short ton

Urban Metro Fringe Rural <200mi

S02 ; $10,702 $8,430 $6,261 $0

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

PM2^'r$ik7t)4 Air974 $6^1a "'$i,099
CO $2.58 $1.63; $0.47; $0.47

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

F. Demand and Energy Forecast

The Company's fall 2018 load forecast is used as the base assumption and assumes
that EV impacts grow through 2023 are then held constant for the remaining forecast
period. The energy efficiency (EE) forecast included in this forecast assumes impacts
at a 75 percent rebate level which equals roughly 1.5 percent of sales through the
planning period.

The "Load Forecast with 1.5% EE" shown in Table 4 below is the starting point for
the Strategist load inputs. In all modeling scenarios, the "1.5% EE" is removed - the
removal of these EE program effects, which have a 14-year Hfe, impacts the load
forecast through 2047. In its place, three EE Bundles (discussed below) are included

2020-2034 Upper Midwest Resource Plan
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in Strategist as Proview Alternatives and any number of these bundles (from 0 to all 3)
is allowed to be selected as part of the optimization process. The resulting forecast,
before the optimized EE bundles are added, is shown below in Table 4 as "Forecast
Without 1.5% EE." The forecasts shown do not include the impact of DG solar, as
DO solar is modeled as a resource in Strategist, not a load modifier.

2020-2034 Upper Midwest Resource Plan
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Table 4: Strategist Demand and Energy Forecast

Demand and Energy Forecast

Demand (MW) Energy (GWh)

Year
Forecast Forecast without Forecast Forecast without

with 1.5% EE 1.5% EE with 1.5% EE 1.5% EE

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

2019 9,136 9,136 43,798 43,798

2020 9,156 9,227 43,865 44,310

2021 9,191 9,333 43,560 44,447

2022 9,251 9,464 43,529 44,860

2023 9,285 9,569 43.394 45,168

2024 9,329"^ 9,684 43,425 45,650

2025 9,354 9,780 43,257 45,919

2026 9,403 9,900 43,281 46,386

2027 9,487 10,055 43,493 47,042

2028 9,593 10,262 44,089 48,093

2029 9,635 10,403 43,972 48,408

2030 9,697 10,567 44,130 49,010

2031 9,740 10,713 44,172 49,496

2032 9,856 10,956 44,661 50,445

2033 10,005 11,211 44,875 51,087

2034 10,137 11,343 45,232 51,443

2035 10,248 11,368 45,534 51,302

2036 10,374 11,408 46,042 51,382

2037 10,482 11,430 46,126 51,006

2038 10,576 11,438 46,287 50,723

2039 10,674 11,449 46,541 50,534

2040 10,777 11,467 46,946 50,505

2041 10,873 11,476 46,975 50,081

2042 10,964 11,481 47,143 49,805

2043 11,057 11,488 47,407 49,626

2044 11,169 11,514 47,823 49,603

2045 11,241 11,500 47,879 49,210

2046 11,328 11,500 48,076 48,964

2047 11,424 11,510 48,372 48,816

2048 11,536 11,536 48,977 48,977

2049 11,626 11,626 48,811 48,811

2050 11,715 11,715 49,042 49,042

2051 11,804 11,804 49,274 49,274

2052 11,893 11,901 49,640 49,640

2053 11,982 11,992 49,736 49,736

2054 12,071 12,083 49,968 49,968

2055 12,160 12,174 50,199 50,199

2056 12,249 12,265 50,567 50,567

2057 12,339 ^2^256 50,662 ^ 50,662

The low load sensitivity includes high customer-adoption-based DG/DER growth
and higher EE savings, which reduces load. The high load sensitivityincludes high
electrification load. These assumptions are shown in Table 5 and Table 6, and are
incremental/decremental to the forecast shown in Table 4.
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Table 5: High Load Sensitivity

High Electrification

Year
Energy
(GWh)

Demand

(MW)

2018 35 8

2019 46 6

2020 59

2021 166 20'""""'"
2022 276

2023 390 47'"""'

2024 507 62

2025 627 if"""""

2026 785

2027 976"" 117

2028 1-194 141""

2029 1A79 171

2030"^^ 2,122 "'""""267"'"'̂ "
203? 250

2032 3,622 302

2033 4,593 362

2034 436 ' "

2035 67969 509

2036 8,320' "
2037 9,751 681

2038 -117248 772

2039 127797 866

2040 14^387 961

2041 15,950 1,055

2042 1L472 1,146

2043 18,940 1,245

2044 20,341 1,930

2045 2T,665 2,660

2046 22,904 3,318

2047 24,0M 3,945

2048 25,112 4_8oo

2049 26A76 5,056

2050 5,554

2051 28,051 6,093

2052 29,061 6,564

2053 30,072 7,041

2054 31T083 7,528

2055 327693 8,021

2056 337164 8,496

2057 34,115 8,984

^Demand values are coincident tosystempeak
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Table 6: Low Load Sensitivity

High DER Growth

Year
Energy
(GWh)

ELCC

(MW)

Demand

(Nameplate MW)

2018 0 0 0

2019 """""""""'"'""or
2q^ 5:^ 0

2Q^
144

202E 66

25^
60 121

2024' 144 55 109

2025^ T3'5 103

2026" 87 175 "
20^__

173

2028 369" 280

2029 377 286"^

2^1 432 164 328

203E""""" 490 " 186 373

2032 553 """ "^210""""" 420

2033 617 '235 469

2034"~687"""" 261 522

2035 "'"760'""'" 578

2036 840 """""sig""""" 637"

To37 920 " 350 TOO

"2038 i7007 383 766

2039 f 099 " 836

2040 1^2^"^""'"""455""™" 9T0

2041 931

2042""Dii'sTn'""""451 902

2043" 437 873

20^"i7iti2"" 844

2645"" 407 814

2046" """ToiT"""'"""Ass"""" 771

2047""

204r""""935 354 709

2049 891 _""IsiT"" 677

2050 850"^"""" 323"^ 646

2051I 799
3Q-^~ 607 "

2052"
____

575

2053" ""'""266 532

2054""""'657'"""" 249' 498

2655""""'i'oE 230 461

205U'""""'559""" 422

2057 """"506 "" '"""""192""""' 383""""""'""
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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 incremental to the "Forecastwithout 1.5% EE" shown in
Table 4. They are also dependent on the Bundlebefore it being selected (i.e. Bundle 2
cannot be selected if Bundle 1 is not selected). The Bundles are included in Strategist
as Pro\tiewAlternatives and any number of these Bundles (from 0 to all 3) is allowed
to be selected as part of the optimization process.

2020-2034 Upper Midwest Resource Plan
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Table 7: Energy Efficiency Bundles

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

Bundle 1: Bundle 2: Bundle Bundle 1: Bundle 2: Bundle 3: Bundle 1: Bundle 2: Bundle 3:

Year Program Optimal 3: Max Program Optimal Max Program Optimal 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

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

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 ! q 0

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

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

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

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

2045 2,912 318 990 562 139 201 0 11 0^ ^ ] 0

2046 2,276 265 761 451 116 156 0 ^j1_L q q
^047 1,746 212 573 349 93 117 q !L q _[ _ q
2048 1,216 159 384 248 70 79 q J1 q I _ q
2049 686 106 195 146 46 40 0 0 L'q
2050 156 53 7 45 23 1 q : q J 0

2051 0 0 0 0 0 , 0 q 0 0

2052 0 0 0 0 0 0 0 : q i 0

2053 0 0 0 0 0 i 0 0 0 0

2054 0 0 0 0 0 0 0 0

2055 0 0 0 0 0 0 i ___ q : 0

2056 0 0 0 0 0 0 0 q 0

2057 0 0 0 0 0 0 0 0 1 0

**Demancl values are coincident to systempeak

H. Demand Response Forecast

The base demand response forecast was developed by the Company and is included
in aU scenarios and sensitivities. The three demand response "Bundles" are from the
Brattle Potential Study provided as Appendix G2. The Bundles are incremental to the
base demand response forecast and, the same as for EE, are dependent on the Bundle
before it being selected (i.e. Bundle 2 cannot be selected if Bundle 1 is not selected).
These Bundles are included in Strategist as Proview Alternatives and any number of

2020-2034 Upper Midwest Resource Plan
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the Bundles (from 0 to all 3) is allowed to be selected as part of the optimization
process.

Table 8: Demand Response Forecast

I.

Demand (MW)

Adjusted For Reserve Margin Costs ($000)

^ Responw
•Year Forecast

c /
Bundle 1 Bundle 2 Bundle 3 Bundle 1 Bundle 2 Bundle 3

2018 i 848 0 0 0 0 0 0

"2019 924 0 0 0 0 0 0

2020 940 270 107 89 14,380 7,659 11,311

2021 955 290 112 97 15,724 8,150 12,587

2022 970 312 116 106 17,212 8,676 14,016

2023 989 322 120 110 18,124 9,137 14,758

2024 1007 339 132 101 19,512 10,277 13,829

2025 10^ 380 145 92 22,305 11,459 12,858

2026 1038 392 151 93 23,475 12,207 13,326

2027 1053 406 159 95 24,786 13,080 13,845

2028 1066 421 168 97 26,245 14,086 14,418

2029 1054 438 178 99 27,859 15,231 15,047

2030 1043 456 189 101 29,637 16,522 15,734

2031 1032 476 201 104 31,551 17,926 16,467

2032 1021 497 214 106 33,612 19,451 17,251

2033 1010 519 227 109 35,832 21,109 18,088

2034 1000 542 242 112 38,224 22,911 18,984

2035 9M 567 257 116 40,802 24,870 19,943

2036 9181 594 274 119 43,582 26,999 20,971

2037 972 630 293 125 46,580 29,313 22,072

2038 963 660 312 129 49,814 31,829 23,253

2039 954 692 332 133 53,305 34,564 24,522

2040 945 726 353 138 57,073 37,537 25,884

2041 937 726 353 138 58,215 38,288 26,402

2042 929 726 353 138 59,379 39,054 26,930

2043 921 726 353 138 60,566 39,835 27,468

2044 913 726 353 138 61,778 40,632 28,018

2045 906 726 353 138 63,013 41,444 28,578

2046 8^ 726 353 138 64,274 42,273 29,150

2047 : 891 726 353 138 65,559 43,118 29,733

2048 884 726 353 138 66,870 43,981 30,327

2049 876 726 353 138 68,208 44,860 30,934

M50 869 726 353 138 69,572 45,758 31,552

2051 862 726 353 138 70,963 46,673 32,183

2052 854 726 353 138 72,382 47,606 32,827

2053 847 726 353 138 73,830 48,558 33,484

2054 839 726 353 138 75,307 49,530 34,153

2055 832 726 353 138 76,813 50,520 34,836

2056 825 726 353 138 78,349 51,531 35,533

2057 : 817 726 353 138 79,916 52,561 36,244

^Demand values are coincident tosystempeak.

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).
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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 (REP) 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 1,350MWh/h in
2018,1,800 MWh/h from 2019-2022, and 2,300MWh/h for 2023 and beyond.

High and low price sensitivitieswere performed by adjusting the growth rate up and
down by 50 percent from the base forecast starting in year 2022.
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Table 9: Fuel and Market Price Forecasts

Base Price Forecast Low Price Forecast High Price Forecast

Fuel Price Market Price

($/mmBTu) ($/MWh)
Fuel Price

($/mmBTu)

2018 $2.19 $2.74

2019 $2.08 $2.67

2020 $2.11 $2.44

2021 $2.14 $2.37

2022 $2.23 $2.52

2023 $2.29 $2.82

2024 $2.37 $3.07

2025 $2.42 $3.26

2026 $2.48 $3.42

2027 $2.55 $3.51

2028 $2.62 $3.60

2029 $2.69 $3.82

2030 $2.76 $4.09

2031 $2.84 $4.26

2032 $2.92 $4.47

2033 $3.00 $4.74

2034 $3.08 $4.93

2035 $3.17 $4.94

2036 $3.26 $5.00

2037 $3.35 $5.17

2038 $3.44 $5.40

2039 $3.51 $5.65

2040 $3.61 $5.90

2041 $3.69 $6.08

2042 $3.77 $6.27

2043 $3.85 $6.46

2044 $3.93 $6.57

2045 $4.02 $6.66

2046 $4.11 $6.77

2047 $4.20 $6.96

2048 $4.29 $7.17

2049 $4.38 $7.25

2050 $4.48 $7.37

2051 $4.58 $7.52

2052 $4.68 $7.66

2053 $4.79 $7.81

2054 $4.89 $7.96

2055 $5.00 $8.12

2056 $5.11 $8.27

2057 $5.21 $8.43

Market Price

($/MWh)

$28.60

$27.10

$24.36

$23.37

$24.93

$28.39

$30.69

$32.82

$34.50

$35.03

$35.52

$37.34

$39.20

$41.18

$42.61

$45.01

$46.64

$46.91

$46.72

$48.19

$49.56

$51.50

$53.12

$54.73

$56.47

$58.13

$59.12

$59.90

$60.93

$62.70

$64.55

$65.25

$66.39

$67.67

$68.99

$70.33

$71.68

$73.07

$74.48

$75.92

$21.61

$21.12

$18.97

$17.97

$19.30

$22.16

$23.93

$25.48

$27.03

$27.53

$27.78

$29.17

$30.60

$32.22

$33.54

$35.50

$37.01

$37.38

$37.35

$38.46

$40.01

$41.70

$43.28

$44.58

$46.00

$47.35

$48.17

$48.80

$49.63

$51.07

$52.57

$53.15

$54.08

$55.12

$56.19

$57.28

$58.39

$59.51

$60.67

$61.83

Fuel Price

($/mmBTu)

$2.19

$2.08

$2.11

$2.14

$2.19

$2.24

$2.29

$2.34

$2.38

$2.43

$2.48

$2.54

$2.59

$2.64

$2.70

$2.75

$2.81

$2.87

$2.93

$2.99

$3.06

$3.11

$3.18

$3.24

$3.30

$3.36

$3.43

$3.49

$3.56

$3.63

$3.70

$3.77

$3.85

$3.92

$4.00

$4.08

$4.16

$4.25

$4.33

$4.41

$2.74

$2.67

$2.44

$2.37

$2.44

$2.59

$2.70

$2.79

$2.85

$2.89

$2.93

$3.02

$3.13

$3.19

$3.27

$3.37

$3.44

$3.44

$3.46

$3.52

$3.60

$3.68

$3.76

$3.82

$3.88

$3.94

$3.97

$4.00

$4.03

$4.09

$4.15

$4.17

$4.21

$4.25

$4.29

$4.33

$4.38

$4.42

$4.46

$4.50

Market Price

{$/MWh)

$28.60

$27.10

$24.36

$23.37

$24.18

$26.08

$27.02

$28.06

$28.81

$28.86

$28.90

$29.53

$29.95

$30.85

$31.17

$31.99

$32.51

$32.65

$32.33

$32.81

$33.03

$33.54

$33.87

$34.39

$34.93

$35.44

$35.75

$35.99

$36.29

$36.82

$37.37

$37.57

$37.90

$38.27

$38.64

$39.02

$39.39

$39.77

$40.16

$40.54

HiibOn- HubOff^
Peak' Peak '

$21.61

$21.12

$18.97

$17.97

$18.72

$20.36

$21.07

$21.79

$22.58

$22.68

$22.60

$23.07

$23.38

$24.13

$24.53

$25.24

$25.80

$26.02

$25.85

$26.19

$26.67

$27.16

$27.60

$28.01

$28.46

$28.88

$29.12

$29.32

$29.57

$29.99

$30.44

$30.60

$30.87

$31.17

$31.47

$31.78

$32.08

$32.39

$32.71

$33.02

ierip' Ventu^

$2.19

$2.08

$2.11

$2.14

$2.26

$2.34

$2.45

$2.51

$2.59

$2.68

$2.77

$2.87

$2.97

$3.07

$3.18

$3.30

$3.42

$3.54

$3.67

$3.81

$3.95

$4.05

$4.20

$4.31

$4.42

$4.53

$4.65

$4.77

$4.89

$5.02

$5.15

$5.29

$5.43

$5.57

$5.72

$5.87

$6.03

$6.18

$6.34

$6.49

$2.74

$2.67

$2.44

$2.37

$2.59

$3.06

$3.47

$3.79

$4.06

$4.24

$4.40

$4.79

$5.31

$5.63

$6.05

$6.60

$6.99

$7.02

$7.15

$7.51

$8.00

$8.57

$9.14

$9.55

$10.01

$10.45

$10.72

$10.93

$11.21

$11.69

$12.21

$12.41

$12.73

$13.10

$13.49

$13.88

$14.28

$14.69

$15.12

$15.55

4iSllhri '̂ iydnn'!
Hub On- HubOfF-

Peak*" Peak
$28.60

$27.10

$24.36

$23.37

$25.68

$30.80

$34.66

$38.13

$41.02

$42.22

$43.35

$46.83

$50.84

$54.45

$57.66

$62.64

$66.15

$66.64

$66.75

$69.97

$73.47

$78.09

$82.24

$85.97

$90.07

$94.04

$96.46

$98.37

$100.88

$105.27

$109.93

$111.72

$114.66

$117.97

$121.42

$124.95

$128.56

$132.28

$136.13

$140.05

$21.61

$21.12

$18.97

$17.97

$19.88

$24.04

$27.03

$29.61

$32.14

$33.19

$33.90

$36.59

$39.69

$42.60

$45.38

$49.41

$52.51

$53.11

$53.37

$55.84

$59.32

$63.23

$67.00

$70.04

$73.38

$76.61

$78.59

$80.14

$82.19

$85.75

$89.54

$91.01

$93.38

$96.08

$98.90

$101.77

$104.71

$107.74

$110.87

$114.06

*Coalprices are delivered prices, while gas and market prices are hub prices.
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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 tuning 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 appKed 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 doUar 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 aU 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

Surplus Capacity Credit

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

o

E

4.62 4.71 4.81 4.90 5.00 5.10 5.20 5.31 5.41 5.52 5.63 5.74 5.86 5.98 6.10 6.22 6.34 6.47 6.60 6.73

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

$/kw-mo 6.87 7.00 7.14 7.29 7.43 7.58 7.73 7.89 8.04 8.20 8.37 8.54 8.71 8.88 9.06 9.24 9.42 9.61 9.80 10.00

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 15.6% of their nameplate rating per MISO
2017/2018 Wind Capacity Report. The ELCC for generic solar is 50% of the AC
nameplate capacity. The ELCC for a generic 4-hour battery is equal to 100% of their
AC equivalent capacity.

2020-2034 Upper Midwest Resource Plan
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M. Spinning Reserve Requirement

Spinning reserve is the on-line reserve capacity that is synchronized to the grid to
maintain system frequency stability during contingency events and unforeseen load
swings. The level of spinning reserv^e modeled is 137 MW and is based on a 12
month roUing average of spinning resen^es carried by the NSP System within MISO.

N. Emergency Energy

Emergency energy is |500/MWh and is used to cover events where there are not
enough resources available to meet system energy requirements.

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 includedin
the capital costs in Table 14 in Part U of this Appendix, and represent "behind the
fence" costs associatedwith substation and representative gen-tie construction.

Table 11:Transmission Delivery Costs

Transmission Delivery Costs

CC CT Wind Solar

$/kw 500 200 400 140

P. Integration and Congestion Costs

Integration costs are taken from studies conductedby Enernex and apply to newwind
and solar resources only. Congestion costs were developed by the Company using the
MISO MTEP 2018 models and looking at the average congestion costs between
representative wind bus locations and NSP.NSP. Congestion costs are applied to new
wind projects only.

2020-2034 Upper Midwest Resource Plan
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Table 12: Integration and Congestion Costs

Integration and Congestion Costs ($/MWh)

Year
Integration Congestion

Wind Solar Wind Solar

2018 0.00 0.00 0.00 0.00

20T9 0.00 0.00 0.00 666
"2020 ' 0.41 0.41 3.43 "660"

2021 0.42 6.42 3.50 666'
"2022 0.43 0.43 3.57 '666"
"2023 ' 0.44 0.44 3^64 0.00

-

0.45 0.45 3.71 0.00

2025 0.46 o'.le'" 3.79 0.00

-2026 6.47 o.W'' "O86 0.06"
2oJj - 6.48 o,W' ""094 0.06
¥o28 0.49 6.49"" "^402 0.06
2029 6.49 6.49 ' "Z10 0.06

To30 0.50 0.50 " " 418 0.06

Tosi 0.51 O.5U " 4.27 ' ""660
""~2632 6.53 0T53 •" 4.35 0.00

%033 0.54 6.54 7^44 " '"676o
%034 6.5^5"" 0.55 4.53 ""660
"T035 oTie" 6.56" "666
" 2036 as? 'Qjf "4.71" • 060
- 2037 " 0.58 058 74.80 6.00

•""2038 0.59 059 4.90 6.06
2039 0.60 0.66 "5.00 600

'""2040 0.62 0.62 5.10 000

"T04T ^ 'oT63 " "063 5.20 0.06

"^"2042 " 0.64 "0.64 5.30 0.00

""2043 aes'"" '065 5.41 0.06

"20'^ 0.67 '""6r67 5.52" 6'.6o

ToTs 0.68 0.68 5.63 " '666
^46 • 069 " 6T9 5.74"" '666

•""2047"" oW^ •^•"oTti' 5 ag"" ""666

"2048 "" "072"'"6.72' 5.97 ""•666
2049 6.74 0.74 6.09 0.00

"To50 6.75 0.75 6.22 " "7666
205? 0.77 6.77 6.34 0.00

2052 0.78 078 6.47 ~ •%66
"2053 6786 6.80 6.60 0.00

T054 6.81 0.81 6.73 •%i66
"T055 0.83 0.83 6.86 ""~o66
T056 084 0.84 7.06"" "T66

'T057 086 0.86 7.14 666

Q. Distributed Generation and Community Solar Gardens

The distributed solar inputs are based on the most recent Company forecasts. Annual
additions are modeled assuming a degradation of half a percent annually in generation,
and a twenty five year service Hfe. After a "vintage" of additions reach end of life, it is
assumed 90% of the capacity is replaced at then-current costs. The Company expects

2020-2034 Upper Midwest Resource Plan
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a transition from Solar*Rewards to non-incentivized DG over time due to the end of

statutory provisions.

Table 13: Distributed Solar Forecast

Distributed Solar (Nameplate MW)

Solar* Net

Rewards Metered

Community
Gardens

Total

2018 ! 29 18 246 293

2019 41 27 504 573

2020 49 37 641 727

2021 53 47 649 749

2022 56 58 657 77I
2023 57 70 665 792

2024 57 83 673 813

2025 56 96 681 834

2026 56 109 689 854

2027 56 122 697 875

2028 55 135 705 895

2029 55 147 713 915

2030 55 160 720 935

2031 55 172 728 955

2032 54 185 736 975

2033 54 197 744 995

2034 51 212 751 1,014

2035 45 229 759 1,033

2036 39 247 766 1,052

2037 34 262 774 1,070

2038 27 280 781 1,088

2039 16 301 789 1,106

2040 8 319 796 1,123

2041 4 333 804 1,141

2042 0 346 808 1,154

2043 0 358 796 1,154

2044 0 368 781 f 149
2045 0 379 776 1,155

2046 0 389 783 1,171

2047 0 399 789 1,188

2048 5 409 795 1,205

2049 d 419 802 1,221

2050 0 429 808 1,237

2051 0 439 814 1,254

2052 6 449 821 1,270

2053 0 459 827 1,286

2054 6 469 833 1,302

2055 6 479 839 1,318

2056 0 488 845 1,334

2057 0 498 852 1,350

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

2020-2034 Upper Midwest Resource Plan
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company owned resource.

a. Retirement Date

b. Maximum Capacity
c. Current Unforced Capacity (UCAP) Ratings
d. Minimum Capacity Rating
e. Seasonal Deration

Heat Rate Profiles

Variable O&M

PtKed O&M

Maintenance Schedule

Forced Outage Rate
Emission rates for SO2, NO^, CO2, Mercury and particulate matter (PM)
Contribution to spinning reserve

m. Fuel prices
n. Fuel delivery charges

S.

f.

h.

)'
k.

1.

Thermal Power Purchase Agreement (PPA) Operating Characteristics
and Costs

PPAs are modeled based upon theit tested operating characteristics and contracted
costs. Below is a Hst 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, NO^, CO2, Mercury and PM
1. Contribution to spinning reserve
m. Fuel prices
n. Fuel delivery charges

2020-2034 Upper Midwest Resource Plan
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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 hourly patterns are developed through a "Typical Wind Year" process where
individual months are selected from the years 2014-2017 to develop a representative
typical year. Actual generation data from the selected months is used to develop the
profile for each wind farm. For farms where generation data is not complete or not
available, data from nearby similar farms is used.

Solar hourly patterns are taken from the ELCC Study from FaU 2013 and updated to
reflect the ELCC as stated above.

U. Generic Assumptions

Generic resources are modeled based upon their expected operating characteristics
and projected costs. Generic thermal costs are developed by the Company. Generic
battery costs are based on Public Service of Colorado All-Source Solicitation bids
(Nov 28, 2017) with a 10% annual price improvement rate. Generic renewable costs
and capacity factors are from National Renewable Energy Laboratory's 2018 Annual
Technology Baseline data. Utility-scale wind and solar costs shown in Tables 16-18
include transmission costs from Table 10, while DG/distributed solar does not.

The Reference Case assumes "no going back" on renewables, meaning that we are
committed to pursuing repowering and/or contract extension opportunities for
renewable resources that will expire , and renewable resources are replaced "in-kind"
when they reach end of life. Starting in 2023, generic solar is added to maintain at a
minimum the 2015 IRP Preferred Plan solar levels. In 2023, there is approximately
1,800 G\)His of solar (both utility scale and DG solar) on the system which wdl grow
to approximately 4,500 GWhs by 2028. The Company has akeady procured the levels

2020-2034 Upper Midwest Resource Plan
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ofwind contemplated in the pre\'ious Resource Plan, so no minimum level of generic
wind additions are needed. Additional renewables are included as Proview

Alternatives.

In addition to base cost data for renewables, low and high costs are used for various
sensitivities. Low and high wind and solar costs are based on the National Renewable
Energy Laboratory's 2018 Annual Technology Baseline data. Low and high battery
costs are based the percent difference in the NREL ATB low / high battery costs
compared to the NREL ATB base costs, with this percent difference appHed to the
Company's base battery cost forecast. 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 CapacityRating l
e. Seasonal Deration ^ L

f. Heat Rate Profiles - ^ .

g. Variable O&M
h. Fixed O&M

i. Maintenance Schedule

j. Forced Outage Rate
k. Emission rates for SO2, NO,,, CO2, Mercury and PM
1. 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

2020-2034 Upper Midwest Resource Plan
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Table 14: Thermal Generic Information (Costs in 2018 DoUars)
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Thermal Generic Information

Gen^clCT

Technology 7H ; 7H 7H 1 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
T- 232

374

Summer Peak Capacity (MW) 750 856 331 206 331

Capital Cost ($000) 2018$ $837^ I $906,588 ^ $174,700 ; $114,766 $193,500

Electric Transmission Delivery ($000) 2018$ NA $410,505 " NA $74^804
Ongoing Capital Expenditures ($000-yr) 2018$ $6,200 $6, 2oA $1,784 $892 $1,784

Gas Demand ($000-yr) 2018$ $15,000 $19,058 $2,165 $2,"l65
Gas Pipeline CIAC ($000) 2018 $ $192,000 NA NA r " NA na"

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) 201^ $17;96 $21.14 $5.79 $5.79

pixed^O&I^CostYio^^^^ $6,592 $6,592 $1,253 $1,203 $1,253"
Viable"O&M Cost ($/MWh) 2018$ $1.04 $1.04 $0.99 $1.03 $077
Levelized $/kw-mo (All Fixed Costs) $2018 $14.46 $16.19 $5.96 $6.27 $8.14

Summer Heat Rate 100% Loading (btu/kWh) 6,359 6,848 9,264 '' 10,025 9,2W

Summer Heat Rate 75% Loading (btu/kWh) 6,547 6,874 9,738 r 9,738

Summer Heat Rate 50% Loading (btu/kWh) 6,985 7,334 11,120 f 1:^515 11,120

Summer Heat Rate 25% Loading (btu/kWh) 8,004 8,404 11,558 r 1^430 11,558

Forced Outage Rate 3% 3% 3% 3% 3%

Maintenance (weeks/yr) 5 5 2 ; ' 2

C02 Emissions (Ibs/MMBtu) 118 118 118 118 118"

S02 Emissions (Ibs/MWh) 0.00 0.00 0.00 0.00 0.00

NOx Emissions (Ibs/MWh) 005 0.05 0^90 or32 0.90

PM10 Emissions (Ibs/MWh)^ 0.02 0.02 0.03 0.03 0.03

Mercury Emissions (Ibs/MMWh) 0.00 0^00 0.56 0.00 0.00 ^

Table 15: Renewable Generic Information (Costs in 2018 Dollars)

f
Renewable Generic Information

• viind "«"^S<aieTDrslrittu»rdSaaTT.||̂ (pu^d^lS
Solar Commercial h'' Re»8ential

ELCC Capacity Credit (%) 15.6% 50.0% 50.0% 50.0%

Capacity Factor 50.0% 17.7% 14.0% 14.8%

Book life 25 25 25 25

Electric Transmission Deli\ABry ($/kW) 400 140 0 0
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Table 16: Storage Generic Information (Costs in 2018 Dollars)

Storage Generic Information

Resource Battery

Technology Li Ion

Location Type
_____

Book life 40

Nameplate Capacity (MW) 321

Summer Peak Capacity (MW)

Storage Volume fhrs) 4

Cycle Efficiency (%) 88

Equivalent Full Cycles per Year 156

Electric Transmission Delivery ($000) 2018$ 5

Levelized $/kw-mo (All Fixed Costs) $2023 $10.53

2020-2034 Upper Midwest Resource Plan
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Table 17: Levelized Capacity Costs by In-Service Year
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Levelized Capacity Costs by In-Service Year ($/kw-mo)

!ryd>- Batfeiy rettery

2018 1 $8.14 1 $6.27 ! $5.96 $16.19 : $14.46

' ^ $640 $6.08 $16.51 $14.75

^^47 $6.53 $6.20 $16.84 $15.04

^^2021 $8.64 $6.66 $6.33 $17.18 $15.35

^ 2022 $8.8r r $a79 $6.46 $17.52 $15.65

^2^23 $8.99 $6.93 $6.58 $17.88 : $15.97 $10.53 $8.03 $13.71

"^24 $9.T7 $7.07 $6.72 $18.23 $16.28 $9.48 $6799 $12.51

'2025 $9735 $7.21 $6.85 $18.60 $16.61 $8.91 $6.35 $1192'"
^ 2026 ^7^ $7.35 $6.99 $18.97 $16.94 $8X3 $5.90 $11.41

^^27 $9773 $7.50 $7.13 $19.35 $17.28 $8 24 $5.53 $iT7o4
8

$9.93 $7.65 $7.27 $19.74 $17.63 $ko2 $5.20 $10.7^
2029 $10.13 $7.80 $7.41 $20.13 $17.98 $7.83 $4.92 $m49

2030 $10^33 $7.96 $7.56 $20.53 $18.34 $7.68 $4.65 $10.28

2031 '$m53 $8T?2 1 $7_A $20.94 $18.71 $Ym $4.51 $To7i 9
2032 $10.75 $3 28 $7.87 $21.36 $19.08 $7.42 $4.39 $iai3
2033 $1oT96 $8.44 $8.03 $21.79 $19.46 $7.31 M.27 $10.08

2034 $11.18 $^^61 $8.19 $22.23 $19.85 $7.22 $4^16 $10.05

2035 ^U '^140 $8.7'9 $8.35 $22.67 $20.25 $7713 $4.05 $10.oY
203Q^ "^^$11763 $8.96 $k52 i $23.12 $20.65 $7.05 $3.94 $10.02

2037 $1186 $9.14 $8.69 $23.59 $21.07 $6.98 $3.83 $10.03

2038 $T2Ao $9.32 $8.86 $24.06 $21.49 $6.91 $3.73 $10.05

2039 T "$li34 $9.51 $9.04 $24.54 $21.92 $6785 $3.63 $fo7o7
2040 $12.59 $9.70 $9.22 $25.03 $22.36 $6.79 $3.53 $io7oY

^^^41 $127^ $9.89 $9.40 $25.53 $22.80 $6.73 $3.44 $10.11

2042 $13.70 $10.09 $9.59 $26.04 $23.26 $6~68 $3.36 $10.13

2043 r" $13^36 $10;29 '$9.78 $26.56 $23.72 $6763 $3.28 $10.15

2044 m63 $ioio $9.98 $27.09 $24.20 $^5.58 $3.20 $10 17

^ 2045 $13.90 $10.71 $7o778 $27 63 $24.68 $6.54 $3 12 $10.20

^ 2046 $14.18 $10.92 $7o738 $28.19 $25.18 $6750 $3.10 $10.13

2047 T ^446 $11.14 $i0.59 $28.75 $25.68 $6.46 $3.09 $iao7

2048 $14.75 $11.37 $10.80 $29.33 $26.19 $6.42 $3.07 $10 01

2049 $15.05 $11.59 $11.02 $29.91 $26.72 $6.38 $3.06 $9.96

^^2050 $15^35 $11.82 $11.24 $30.51 $27.25 $6.35 $3.04 $9.91

2^051 $15JS5 $127o6 $11.46 $31.12 $27.80 $^31 $3.03 $9785
2052 : $15^97 $12Ao $11.69 $31.74 $28.35 $6.28 $3.01 $Y.80
2053 $16^9 $12.55 $11.93 $32.38 $28.92 $6.25 $3.00 $9.76

2054 $16.67 $12.80 $12.16 $33.03 $29.50 $6^22 $2.98 $9.71

2055 $ia94 $13.06 $12.41 $33.69 $30.09 $^19 $2.97 $9766
2056 $17.28 $73^2 $12766 $34.36 $30.69 $Ul6 $Z95

2057 1 iiask $12791 $35.05 $31.30 $6.13 $2.94 $9758
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Table 18: Base Renewable Levelized Costs by In-Service Year

Levelized Costs by In-Service Year $/MWh (LCOE)

COD Wind
Utility Scale Distributed Solar Distributed Solar

Solar Commercial Residential

2018

2019!

2020; $29.79 $40.00 $73.92 $97.93

2021 $29.65 $40.00 "$A.77 $91.35

2022! $34.04 $40.00 $70.71 $88.46 "
2023 $38.61 $49.48 $69.59 $87.04

2024 $43.39 $49.90 $68.41 $85.55

2025; $52.15 $50.32 $67.18 $83.98

20261 $52.55 $50.74 $82.34

2027; $52.98 $51.17 $F?63~
2028 $53.42 $51.59 $63.11 $7^83
2029 $53.89 $52.01 $61.62 $76.95

2030 $54.39 $52.43 $60.07 F4.9r""^
2031: $54.95 $53.10 $60.66 $75.15

2032: $55.54 $53.78 $61.25 $75.28

2033 $56.16 $54.47 $6i.sr $75.40

2034 $56.80 $55.16 $62.43 $75.49

2035 $57.47 $55.86 $63.02 $75.56

2036 $58.17 $56.57 $63.61 $75.60

2037 $58.91 $57.28 $64.20 $75.61 "
2038; $59.67 $58.00 $64.78 $7^60
2039'j $60.47 $58.72 $65.37 $75.56

2040i $61.30 $59.45 $65.95 '$75.49
20411

2042i

$62.17 $60.13 $66.88
- -

$63.07 $60.81 $67.82 $77.18

2043 $64.01 $61.50 $68.77 $78.04

2044 $64.99 $62.18 $69.74 $78.89"
2045 $66.01 $62.87 $70.71 $79.76

2046 $67.07 $63.57 $71.70 $80.62

2047 $68.17 $64.27 $72.70 $81.49

2048 $69.32 $64.97 $73.71
- ' $82.36

2049 $70.52 $65.68 $74.73 $83.24

2050 $7i.76 $66.38 $75.76 $84.07

2051; $73720 $67.71 $77.28 $85.75

20^: - $74.66 $6^07 $78.83 $87.47

2053' " $76.16 $70.45 $80.40 $89.22

2054 $77.68 $71.86~ $82.01 $91.00

2055 $79.23 $73.29 $83.65 $92.82

2056! $80.82 $74.76 $85.32 $94.68

2057; $82.43 $76.25
——

$96.57

^Distributed Solarcosts represent at the meter values before grossing upfor losses.
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Table 19: Low Renewable Levelized Costs by In-Service Year
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Low Levelized Costs by In-Service Year $/MWh (LGOE)

^18i
^19'
2020

2021

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

2036

2037

2038

2^1
20^1
20^1 r
2042

2043,
^44
2045

2046,

2047

2048

2049

2050

2051.

2^1'
^3i
2054

2055

20^f
20571

lerciiil^

$25.51 $35.18 $56.57

$24.43 $357i8 $51.50
"l^gQ $357i 8 $50 18

$43.52 $48.81

$34.89 $43.21 $47.40

$42.41 $42.88 $45.95

$4150 $42.54 $44.44

"$40^3 ^ $42.17 $42.89

$39.52 $41.79 $41.28

$38?00 $41.39 $39.63

$7l80 $40.7 77.7
$37.66 $41.28 $37.65

$^06 $41.58 $37.35

$38.48 $41.88 $37.03

$38790 $4Z28 $36.68

$39.34 $42.25 $36.30

$39.80 $42.39 75^0
$40.26 $42.7 j $35.47

$4075 $42.64 $35.01

$4i74 $4275^ $347
^^775 $4Z85 7399
^.27 $43.27 $34.47

$4Z80 $43.39 $34.95

'$43"35 $43.37 7744
$43.92 $43.33 $35.94

$44.50 $44.15 $36.44

$45.09 $43.34 $36.95

$45.70 $43.39 $37.46

$46.32 $43.42 $37 98

$46.96 $43.44 $38.50

$47.62 $43.97 $39.04

^8.57 $44.85 $39.82

$49.54 $45.74 $40.61

$50.53 $46.66 7143
$51.54 $7.59 $42.25

$52757 $48.54 $43.10

$53.63 $49.51 73.96
$54.70 $50.50 1 74.84

ismj^u'•iW.Splar
idenfi^

$94.61

$^.46
yg

$75.^
$72.^
$69'21
$^798
$62.65

^.22

$579?
$^.04
$50.07

$4^87
$4^3.62
$41.27

$^38.81
'$^725
$33A7
$34A1

$3464

$35.19

$^.75
msi
$36.88

$37.46

$38.05

$38.65

$39.22

^.06
'̂ QQQ

$42.45

M3.30

$4^5.05
^Distributed Solarcosts represent at the meter values before grossing upfor losses.

2020-2034 Upper Midwest Resource Plan
Page 25 of 30



NSP Late-Filed Exhibit 3

IRP Excerpt —Appendix F-2

Xcel Energy Docket No. E002/RP-19-368
Appendix F2: Strategist Modeling Assumptions & Inputs

Table 20: High Renewable Levebzed Costs by In-Service Year

High Levellzed Costs by in-Servlce Year $/MWh (LCOE)

COD Wind
Utility Scale Distributed Solar Distributed Solar

Solar Commercial Residential

2018

2019

2020 $34.70 $50.52 $88.96 $124.70

2021 $35.40 $50.52 $91.58 $127.20

2022 $40.61 $50.52 $93.41 $128.14

2023 $46.03 $62.48 $95.28 $130.70

2024 $51.64 $63.73 $97.19 $133.32

2025 $61.25 $65.01 $99.13 $135.98

2026 $62.49 $66.31 $101.11 $138.70

2027 $63.76 $67.63 $103.14 $141.48

2028 $65.06 $68.99 $105.20 $144.30

2029 $66.38 $70.37 $107.30 $147.19

2030 $67.72 $71.77 $109.45 $150.13

2031 $69.10 $73.21 $111.64 $153.14

2032 $70.50 $74.67 $113.87 $156.20

2033 $71.93 $76.17 $116.15 $159.32

2034 $73.39 $77.69 $118.47 $162.51

2035 $74.88 $79.24 $120.84 $165.76

2036 $76.39 $80.83 $123.26 $169.08

2037 $77.94 $82.45 $125.72 $172.46

2038 $79.52 $84.09 $128.24 $175.91

2039 $81.13 $8S78 $130.80 $179.42

2040 $82.77 $87.49 $133.42 $183.01

2041 $84.45 $89.24 $136.09 $186.67

2042 $86.16 $91.03 $138.81 $190.41

2043 $87.90 $92.85 $141.58 $194.21

2044 $89.68 $94.70 $144.42 $198.10

2045 $91.49 $96.60 $147.30 $202.06

2046 $93.34 $98.53 $150.25 $206.10

2047 $95.23 $100.50 $153.25 $210.22

2048 $97.15 $102.51 $156.32 $214.43

2049 $99.12 $104.56 $159.45 $218.72

2050 $101.12 $106.65 $162.63 $223.09

2051 $103.14 $108.79 $165.89 $227.55

2052 $105.21 $110.96 $169.21 $232.10

2053 $107.31 $113.18 $172.59 $236.75

2054 $109.46 $115.44 $176.04 $241.48

2055 $111.65 $117.75 $179.56 $246.31

2056 $113.88 $120.11 $183.15 $251.24

2057 $116.16 $122.51 $186.82 $256.26

^Distributed Solarcosts represent at themeter values before grossing upfor losses.
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ATTACHMENT A: HEAT RATE UPDATED

In Docket No. E999/CI-06-159 (In the Matter of Commission Investigation and
Determination under the Electricity Title, Section XII, of the Federal Energy PoHcy
Act of 2005), the Minnesota Commission required the Company to file information
on the fossil fuel efficiency (heat rate) of our generation units, and actions we are
taking to increase the fuel efficiency of those units.

lieat rate data for the Company's owned generating units is provided publicly in our
annual Federal Energy Regulatory Commission (FERC) Financial Report, FERC
Form No. 1. We include a copy of the pertinent unit heat rate data from FERC Form
No. 1 for 2018 in Table 21 below.

Table 21: 2018 FERC Heat Rates

Unit Heat Rate

AS King 10,013

Sherco 10,546

MonticeUo 10,505

Prairie Island 10,487

Black Dog (NG) 7,870

High Bridge 6,863

Riverside 7,172

French Island 23,570

Wilmarth 10,637

The Company's Performance Monitoring department performs routine heat rate
testing and conducts heat balances of its generating units. In addition, testing,
assessments, and reporting on boilers, air heaters, cooHng towers, and enthalpy drop
tests on steam turbines are also conducted. These tools factor into our assessment of

the condition of these individual components, as weU as how their respective
performance levels wiU impact the overall efficiency of a given generating unit. Table
22 below shows a summary of NSP System heat rate testing from 2015-2018.

2020-2034 Upper Midwest Resource Plan
Page 27 of 30



Xcel Energy

NSP Late-Filed Exhibit 3

IRP Excerpt —Appendix F-2

Docket No. E002/RP-19-368
Appendix F2: Strategist Modeling Assumptions & Inputs

Table 22: Heat Rate Tests —2015-2018

Plant/Unit Type of Unit Test Type of Test Year Tested

Sherco U1 Coal Boiler Heat Rate 2015

Bayfront U4 Combustion Turbine

Calculated

Adjustment for Fuel
Change

2016

King U1 Coal Boiler Heat Rate 2016

Sherco U2 Coal Boiler Heat Rate 2015, 2016

Black Dog U5/U2 Combined Cycle Heat Rate 2015, 2017

High Bridge CC Combined Cycle Heat Rate 2017, 2018

Sherco U3 Coal Boiler Heat Rate 2017

Black Dog U6 Combustion Turbine Heat Rate 2018

Riverside U7,U9,U10 Combined Cycle Heat Rate 2017,2018

As part of its heat rate testing and reporting protocol, the Performance Monitoring
group identifies potential heat rate improvement opportunities and validates actual
performance enhancements. The Company does not look at heat rate improvements
in isolation when considering plant improvement projects; rather, we perform a
collective assessment of potential safety, efficiency, and environmental performance
improvements as well as overall economics in developing our generation asset
management objectives. Looking forward, the Company plans to continue our
proactive cycle of heat rate testing and overall unit assessments at our generation units
and implement improvements as opportunities arise.

ATTACHMENT B: WATER AND PLANT OPERATIONS

The Minnesota Commission's August 5, 2013 Notice of Information in Future
Resource Plan Filings in Docket No. E002/RP-10-825 suggested utilities should
consider adding to their initial resource plan filings the supplemental information
Hsted at page 4 of the Commission's May 10, 2013 Order in Minnesota Power Docket
No. E015/RP-13-53 (Order Point No. 4).

The Company's generating units are geographically positioned along major Minnesota
waterways. The access to water accommodates the thermal needs of these generating
units. As such, the Company's plant operations are governed by and comply with all
applicable cooling water intake and discharge rules and regulations, which may
indirectly affect Strategist modeling as discussed below.

The Clean Water Act Section 316(a) sets thermal limitations for discharges and the
criteria and processes for allowing thermal variances. The Company's power plant
discharge temperature limits and allowances for thermal emergency provisions are
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outlined in the plants' National PoUutant Discharge Elimination System (NPDES)
permits. Additionally, Xcel Energy has policies which outline the conditions and
procedures to implement during periods of energy emergencies that allow for limited
thermal variances.

Section 316(b) of the Clean Water Act governs the design and operation of intake
structures in order to minimize adverse environmental impacts to aquatic life. EPA
issued new rules in August 2014 that wiU impact all plants that withdraw water for
cooHngpurposes. The new rules requite improvements to intake screening technology
to rninirnize the number of aquatic organisms that are killed due to being stuck to the
screens (referred to as "impingement). The rules also created a process for the state
permitting agency to evaluate and determine if additional improvements are required
to rninirnize the number of smaller organisms that pass through the intake screens and
enter the plant cooling water system (referred to as "entrainment"). While the costs
associated with the impingement compliance requirements are definable, the costs
associated with the entrainment compliance requirements are uncertain.

Timing of the compliance requitements is site-specific and is determined by each site's
NPDES permit renewal timeline.

WhUe specific conditions, such as high water discharge temperatures, are not directly
modeled in Strategist, the model reflects the impact of reducing plant output due to
high water temperatures. Modeling in Strategist includes two methods to account for
impacts due to changes in plant operations: each resource is modeled using a unit
specific median unforced capacity rating, and the system needs are modeled with a
planning reserve margin. By modeling the system needs with a planning reserve
margin, the base level of requited resources is assumed to be higher than those
needed to meet the forecasted peak system demand. By modeling all units with an
assumed level of forced outage, the base level of all available resources, modeled in
aggregate, is assumed to be sufficient to represent resource avadabikty due to
emergency changes in plant operations. Thus the impact of reducing plant output due
to high water temperatures is reflected through corrections to both obligation and
resource adjustments.
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ATTACHMENT C: ICAP LOAD AND RESOURCES TABLE

The following table shows load and resources using Installed CapacityRating (ICAP) for the planning period, in compliancewith the
Minnesota Commission's August5, 2013 Notice of Information in EutureResource Plan Filings.^

Table 23: Load and Resources Tables, 2020-2034 Planning Period

ICAP Rating - Load and Resources 2020-2034 Planning Period
Determination of Need

Forecast Load

MISO Systctn Coincident (IC\P)
Coincident Load

2020

9,112

100%

9,112

17.1%

2021

9,087

100%

9,087

17.1%

2022

9,103

100%

9,103

17.1%

2023

9,075

100%

9,075

17.1%

2025

8,998

100%

8,998

17.1%

2026

8,965

100%

8,965

2027

8,%3

100%

8,963

2028

9,014

100%

9,014

2029

9,016

100%

9,016

2030

9,042

100%

9,042

2031

9,052

100%

9,052

2032

9,166

100%

9,166

2033

9,295

100%

9,295

2034

9,301

lOOVo

9,301

2024

9,048

100%

9,048

17.1%

Oblieation 10,670 10.641 10.660 10,627 10,595 10,537 10,498 10.495 10,556 10,558 10,589 10,599 10,733 10,885 10.892

Existing and Approved Resources 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Load Management, Existing 940 955 970 989 1,007 1,023 1,038 1,053 1,066 1,054 1,043 1,032 1,021 1,010 1,000
Load Management, Potential Study 270 290 312 322 339 380 392 406 421 438 456 476 497 527 550

Coal 2,471 2,471 2,471 2,471 1,773 1,773 1,773 1,062 1,062 1,062 1,062 1,062 1,062 1,062 1,062
Nudear 1,697 1,697 1,697 1,697 1,697 1,697 1,697 1,697 1,697 1,697 1,697 1,053 1,053 1,053 527

Natural Gas/Oil 3,511 3,511 3,511 3,511 3347 3,032 2,784 2,260 2,139 2,139 2,139 2,139 1,858 1,858 1,858

1 t \{EC 720 720 720 720 720 720 720 720 720 720 720 720 720 720 720

SheroD CC 0 0 0 0 0 0 0 786 786 786 786 786 786 786 786

Biomass/RDF 107 107 107 84 84 60 60 60 19 19 19 19 19 19 19

Hydro 887 1,009 1,002 1,002 1,002 152 152 152 152 152 152 152 145 142 142

Wind 3,954 4,200 4,200 4,054 4,054 4,034 4,012 3,913 3,848 3,739 3,735 3,439 3,372 2,984 2,620

Distributed Solar 42 48 55 60 66 72 78 83 89 95 100 105 111 116 121

Solar*RewardsCommunity 335 339 344 348 352 356 360 365 369 373 377 381 385 389 393

Grid Scale Solar 182 182 181 180 179 178 177 176 175 174 174 173 172 171 170

Existing Resources 15.117 15,530 15.569 15,438 14,620 13,477 13,243 12,732 12,543 12,448 12,460 11,536 11,200 10,837 9,968

Existing and Approved Net Resource
(Needl/Surplus

4,446 4,889 4,909 4,811 4,025 2,941 2,745 2,237 1,987 1,890 1,871 937 466 -48 -924

Reference Plan Resource

Additions/Retirements 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Natural Gas/Oil 0 0 0 0 0 0 0 0 0 0 0 0 220 570 920

Wmd 0 0 0 126 171 242 307 379 389 496 512 568 598 1,122 2,702

Solar 0 0 0 0 0 251 251 752 1,002 1.252 133 1.753 Z004 2.004 2.004

Reference Plan Resourm Adiustments 0 0 0 126 172 492 558 1.131 1.391 1,749 1,765 2,321 2,822 3,696 5,627

Reference Plan Net Resource

fNeedl/Surplus
4,446 4,889 4,909 4,937 4,197 3,433 3,303 3,367 3,379 3,639 3,636 3,258 3,288 3,647 4,702

1See Docket No. E002/RP-10-825. In addition to notingamendments to Minn. Stat.§ 216B.2422, subd.4, the Notice suggested utilities shouldconsideraddingto their
initialresourceplan filings the supplemental informationlistedat page4 of the Commission's May10, 2013Order in MinnesotaPower Docket No. E015/RP-13-53
(Order Point No. 2).
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Appendix F3: Scenario SensitivityAnalysis: PVRR & PVSC Summary

APPENDIX F3 - SCENARIO SENSITIVITY ANALYSIS: PVRR & PVSC SUMMARY

PVSC PVRR

Low

QaalCoaV

MUs

High
OaclCoal/

MkU

Low Load High Load
Low

RMourea

Cost

High
Rosoures

Cost

Low

Extftroattty

Low

ExIemaHty,
Uw

Reoulatorv

MM

ExtemaBty^
MM

Regulatory

High
Externality

No Reg or
ExtemaHty

Costs

Market

sales off

HighLoed
HighGesiCoaVMkts
tow Reeource Cost

.LowLoad

LowOas/CoaVMMs

Low Resoivce Cost

1. REFERENCE

2-EARLY KING

3- EARLY SH3

4- EARLY COAL

5- EARLY MONTI

6- EARLY PI

7-EARLY All NUCLEAR

6- EARLY BASELOAO

9- EARLY COAL: EXTEND MONTI

10- EARLY KING; EXTEND MONTI
11- EARLY COAL; EXTEND PI

12- EARLY COAL; EXTEND All NUCLEAR
13-EXTEND MONTI

14-EXTEND PI

15-EXTEND All NUCLEAR

$45,657 $37,679 $45216 $46,360 $46,326 $49,952 $44,760 $46,613 $40,949 $39,006 $42,541 $52,690 $37,276 $45260 $49,797 $45,359

$45,450 $37,495 $44,909 $46,347 $46256 $49,795 $44,703 $46,499 $40,570 $36,611 $42,319 $52,001 $37,064 $44,896 $49,767 $45276

$45,563 $37,662 $45,016 $46,420 $46,373 $49,940 $44,826 $46,593 $40,643 $36,975 $42,416 $51,666 $37,235 $44,993 $49,935 $45,396

$45,449 $37,632 $44,882 $46,394 $46274 $49,777 $44,756 $46,475 $40,435 $36,934 $42,324 $51,128 $37202 $44,859 $49,966 $45,311

$45,624 $37,762 $45,347 $46,570 $46,496 $50,093 $44,907 $47,034 $41,021 $39,111 $42,673 $52,931 $37,356 $45,325 $49,953 $45,470

$46,345 $38261 $45,647 $47,119 $46,692 $50,741 $45222 $47,704 $41,556 $39,584 $43,177 $53,636 $37,647 $45,739 $50292 $45,715

$46,491 $36292 $45,956 $47,306 $47,000 $50,782 $45,329 $47,673 $41,566 $39,620 $43,267 $53,725 $37,857 $45,640 $50,503 $45,768

$46,251 $36,144 $45,561 $47,366 $46,965 $50,646 $45,341 $47,462 $41,006 $39,466 $43,002 $51,915 $37,710 $45,306 $50,747 $45,734

$45,173 $37,476 $44,705 $45,966 $46,064 $49,419 $44,626 $46,065 $40,250 $38,757 $42,096 $50,629 $37,050 $44,646 $49,701 $45,327

$45,124 $37286 $44,664 $45,677 $46,010 $49,444 $44,552 $46,054 $40,322 $36,590 $42,044 $51,601 $36,660 $44,628 $49,601 $45256

$44,786 $37,134 $44,395 $45,449 $45,711 $49,020 $44,327 $45,595 $39,885 $38,406 $41,731 $50,394 $36,705 $44239 $49,551 $45,100

$44,655 $37240 $44,460 $45,016 $45,569 $46,794 $44,194 $45,462 $39,977 $36,455 $41,696 $50,435 $36,813 $44,356 $49,324 $45,177

$45266 $37,316 $44,633 $45,976 $46,130 $49,577 $44,690 $46,161 $40,516 $36,635 $42,156 $52,315 $36,864 $44,720 $49,665 $45,394

$44,630 $36,906 $44,440 $45,455 $45,757 $49,156 $44,379 $45,616 $40,060 $36,219 $41,729 $51,600 $36,471 $44266 $49,362 $45,157

$44,749 $37,065 $44,541 $45,116 $45,678 $46,852 $44,316 $45,506 $40,209 $36,333 $41,744 $51,612 $36,636 $44,394 $49255 $45261

REFERENCE ADJ (ADD DR)
PREFERRED PLAN

ND PLAN

$45,974 $36,055 $45,534 $46,677 $46,679 $50276 $45,077 $47,131 $41,267 $39,327 $42,659 $53,204 $37,595 $45,579 $50,121 $45,711

$45,513 $37,651 $45,046 $46,307 $46,416 $49,757 $44,969 $46,405 $40,591 $39,099 $42,439 $51,168 $37,392 $44,990 $50,040 $45,660

$45,692 $37,596 $44,669 $45,901 $46,633 $50,123 $45231 $46,904 $40,415 $36,692 $42,206 $51,021 $37206 $44,617 $49,443 $45,356

ABCDEFGI J KLMN ECF DBF
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High ,

Mkts .
^wLoact High Load

Low

Rssourcs

Cost

High
Resource
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No RagIN
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Market

sMm^

High Load
HIghOuJCoaVMkts
Low Resource Cost

LowLoad

LowOaa/CoaVMkts

Low Resource Cost

1-REFERENCE

2- EARLY KING

3- EARLY SH3

4- EARLY COAL

5- EARLY MONTI

6- EARLY PI

7-EARLY All NUCLEAR

8- EARLY BASELOAD

9- EARLY COAL; EXTEND MONTI
10- EARLY KING; EXTEND MONTI
11- EARLY COAL; EXTEND PI

12- EARLY COAL; EXTEND All NUCLEAR

13-EXTEND MONTI

14-EXTEND PI

15- EXTEND All NUCLEAR

$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

($207) ($164) ($307) ($12) ($71) ($156) ($56) ($315) ($379) ($197) ($222) ($889) ($213) ($365) ($10) ($83)

($93) ($17) ($196) $60 $45 ($12) $69 ($220) ($306) ($33) ($124) ($1,022) ($41) ($267) $137 $37

($208) ($47) ($334) $35 ($54) ($174) ($1) ($339) ($513) ($74) ($217) ($1,762) ($75) ($401) $170 ($48)

$167 $103 $131 $210 $170 $142 $147 $220 $72 $103 $131 $42 $60 $65 $156 $111

$669 $602 $631 $759 $564 $769 $462 $691 $609 $576 $636 $746 $571 $479 $595 $356

$634 $613 $740 $947 $672 $631 $569 $1,060 $637 $612 $726 $835 $561 $560 $706 $409

$594 $465 $345 $1,006 $656 $695 $562 $649 $57 $460 $460 ($975) $433 $46 $950 $375

($464) ($204) ($510) ($394) ($245) ($533) ($131) ($748) ($699) ($251) ($443) ($2,060) ($226) ($614) ($96) ($32)

($532) ($393) ($532) ($482) ($318) ($508) ($207) ($759) ($626) ($418) ($498) ($1,288) ($416) ($632) ($197) ($101)

($668) ($545) ($621) ($911) ($617) ($931) ($433) ($1,218) ($1,064) ($602) ($811) ($2,496) ($571) ($1,022) ($247) ($259)

($1,001) ($439) ($756) ($1,342) ($740) ($1,156) ($566) ($1,352) ($972) ($553) ($646) ($2,455) ($463) ($904) ($473) ($162)

($366) ($363) ($363) ($361) ($198) ($375) ($70) ($632) ($433) ($373) ($386) ($575) ($393) ($540) ($133) $34

($827) ($773) ($776) ($905) ($571) ($794) ($381) ($1,195) ($866) ($769) ($813) ($1,090) ($805) ($995) ($416) ($202)

($908) ($614) ($675) ($1244) ($650) ($1.099) ($444) ($1,305) ($739) ($675) ($797) ($1,076) ($640) ($867) ($542) ($79)

REFERENCE ADJ (ADD DR)
PREFERRED PLAN

ND PLAN

$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $

($461) ($203) ($468) ($371) I$263) ($519) ($109) ($726) ($675) ($228) ($420) ($2,037) ($203) ($586) ($81) ($51)

($83) ($456) ($665) ($777) $154 ($153) $154 ($227) ($852) ($435) ($652) ($2,164) ($388) ($761) ($678) ($355)
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STATE OF NORTH DAKOTA

PUBLIC SERVICE COMMISSION

Public Service Commission Case No. PU-18-403

Northern States Power Company
Acquisition of the 375 MW Mankato Energy
Center and the 345 MW Mankato Energy Center II

AFFIDAVIT OF SERVICE

STATE OF MINNESOTA )

COUNTY OF HENNEPIN ) • ^

Lynnette Sweet states under oath as follows: - -• •••

1. I swear and affirm upon penalty ofperjury that the statements made in this

affidavit are true and correct.

2. I am of legal age and on the 30th day of July 2019,1 served the attached:

Late-Filed Exh. 1. Additional Comparable Transactions

Late-Filed Exh. 2. Remaining Lives ofNSP's Fleet

Late-Filed Exh. 3. Citations and Excerpts from NSP's Upper Midwest Resource Plan

upon the following, by sending via Federal Express true and correct copies to:



Patrick J. Ward, Administrative Law Judge
Zuger Kirmis & Smith
316 North 5^^ Street
Bismarck, ND 58501

Zachary Pelham
Attorney at Law
314 E. Thayer Avenue, 3 Floor
Bismarck, ND 58501

Mitchell D, Armstrong
Smith Porsborg Schweigert Armstrong
Moldenhauer & Smith

122 East Broadway Avenue
Bismarck, ND 58503

Jack Schuh

North Dakota Public Service Commission

Special Assistant Attorney General
Department 408
600 East Boulevard Avenue

Bismarck, ND 58505-0480

Lynhette Sweet

Subscribed and sworn before me this 30th day of July, 2019.

Jamos Q. Erttwson
NotaryPii^lc

Minnesota

Not^ l^biic
Herman County, Minnesota




