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APPENDIX A: MINNESOTA POWER'S 2014 ANNUAL ELECTRIC UTILITY
FORECAST REPORT

Minnesota laws and reporting rules governing electric utilities require that electric utilities with
Minnesota service area submit to the Minnesota Department of Commerce an annual report
containing historical and forecast customer sales and demand values, including forecast
methodology and discussion. This report is submitted annually by July 1 of each year. Minnesota
Power’s 2014 Annual Electric Utility Forecast Report (“AFR2014") contains all of the forms and
information necessary to meet this annual requirement. Per Order Point 10 of the 2013 Integrated
Resource Plan’s November 12, 2013 Order,* Minnesota Power is required to file its energy and
demand forecast and Strategist commands thirty days prior to its next resource plan filing date,
which is September 1, 2015. Therefore, the Company used the AFR2014 as the basis for the
2015 Integrated Resource Plan (“2015 Plan”) due to the inability to conduct the extensive analysis
required for the 2015 Plan between the July 1 submittal of Minnesota Power’s 2015 Annual
Electric Utility Forecast Report (“AFR2015") and August 1 when the forecasts and commands
were required to be submitted. A sensitivity case using data from the AFR2015 was performed in
July and the results are discussed in Appendix K beginning on page 30.

Minnesota Power's AFR2014 contains historical sales and demand data, and contains the
customer energy sales and demand forecast that serves as the starting point for the 2015 Plan.
The forecast report includes several scenarios that reflect the uncertainty in sales and demand
facing Minnesota Power over the next few years. This uncertainty is largely due to the potential for
several industrial customers that will be added in Minnesota Power’s service territory during the
15 year planning horizon. The scenarios were developed to reflect potential for customer changes
and the projected timing of those changes.

While the AFR2014 contains a number of scenarios,? the scenario that forms the basis for the
2015 Plan evaluation projects 175 MW of new demand requirements by 2020 when compared to
current levels.® In the AFR2014, this is referred to as the ‘Moderate Growth with Deferred Resale’
forecast. Most of this growth is comprised of a new industrial facility served by a Minnesota Power
wholesale customer, the City of Nashwauk. Other discrete load additions are included to reflect
new demand by large industrial customers served at retail by Minnesota Power.

The 2015 Plan also contemplates other customer sales outlooks in the analysis process.
These include 1) a scenario reflecting lower national and regional economic growth and specific
industrial slowdowns referred to in the AFR2014 as the ‘Downside’ forecast, and 2) a scenario
reflecting even higher growth than the 2015 Plan with another large industrial addition later in the
planning period referred to as the ‘Best Case’ forecast. These scenarios provide a rigorous range
of sensitivities for the 2015 Plan to consider with up to 670 MW of new growth from current levels
and a slowdown scenario that captures a significant downturn in key industries in northeastern
Minnesota.

! Docket No. E015/RP-13-53.
2 Descriptions and results of the scenarios begin on page 44 of the AFR2014 document.
% December 2014 demand was 1820.7 MW.
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July 1, 2014

Minnesota Department of Commerce
85 — 7th Place East
St. Paul, MN 55101

RE: Docket No. E-999/PR-14-11

Re: MINNESOTA POWER’S 2014 ANNUAL ELECTRIC UTILITY FORECAST REPORT

Minnesota laws and reporting rules governing electric utilities require that electric utilities with Minnesota
service areas submit to the Minnesota Department of Commerce an annual report. This report is to be
submitted by July 1 of each year. Attached is a copy of Minnesota Power’s 2014 Annual Electric Utility
Forecast Report that contains all of the forms and information necessary to meet this requirement.

Trade Secret information is included in the “2014ElectricUtilityDataReport_68.xIsx” and
“2014Forecast_68.xlsx” Excel workbooks as well as the methodology document “METHOD14.pdf.”

Minnesota Power has excised material from the public version of the attached report documents as they
identify and contain confidential, competitive information regarding Minnesota Power’s methods, techniques
and process for supplying electric service to its customers. The energy usage by specific customers and
generation by fuel type has been consistently treated as Trade Secret in individual filings before the Minnesota
Public Utilities Commission. Minnesota Power follows strict internal procedures to maintain the privacy of this
information. The public disclosure of this information would have severe competitive implications for customers
and Minnesota Power.

Minnesota Power is providing this justification for the information excised from the attached report and why the
information should remain trade secret under Minn. Stat. 13.37. Minnesota Power respectfully requests the
opportunity to provide additional justification in the event of a challenge to the Trade Secret designation
provided herein.

The following documents have been uploaded to the Minnesota Department of Commerce and Public Utilities
Commission eDockets/eFiling system: METHOD14.pdf, 2014Forecast.xls, 2014ElectricUtilityDataReport.xls,
MP System Map.pdf, and MP Ratebook.pdf. As of this date, the report form EIA 861 has not been filed with the
US Department of Energy and cannot be submitted with Annual Electric Utility Report. The report form EIA 861
will be filed with the Minnesota Department of Commerce and Public Utilities Commission eDockets system as
soon as possible. If you need additional paper copies or have any questions, please contact myself or the
Minnesota Power Resource Planning area.

Ben Levine

Utility Load Forecaster
Minnesota Power
218-355-3120 - Direct
Blevine@mnpower.com

Cc: Julie Pierce
David Moeller
Lori Hoyum
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Introduction

The utility customer load forecast is the initial step in electric utility planning. Capacity and
energy resource commitments are based on forecasts of energy consumption, and seasonal peak
demand requirements. Minnesota Power’s forecast process combines sound econometric
methodology and data from reputable sources to produce a reasonable long-term outlook suitable
for planning.

Minnesota Power is committed to continuous forecast process improvement, process
transparency, forecast accuracy, and gaining customer insight. This 2014 forecast methodology
document demonstrates Minnesota Power’s continued efforts to meet these goals through
comprehensive documentation, implementation of more systematic and replicable processes, and
thorough analysis of results.

A history of increasing accuracy in load forecasting also speaks to Minnesota Power’s
commitment to innovate and enhance its forecast processes. Since 2000, year-ahead forecast
error has decreased by an average 0.04 percent per-year; current-year forecast error has
decreased at an average rate of 0.16 percent per-year.l Minnesota Power owes its record of
forecast accuracy to a combination of close cooperation with customers, continuous validation of
forecast model inputs, and steady improvements in statistical analytic capabilities.

The range of scenarios developed for the 2014 Advance Forecast Report (AFR 2014) address the
uncertainty in the national and regional economic environments and the unique potential for
local additions or losses to the Resale and Industrial customer classes, including the development
of substantial mining operations in the region. This scenario approach to forecasting can then be
integrated into Minnesota Power’s proactive and flexible planning to better inform the critical
electric resource decisions ahead. Minnesota Power’s forecasting approach helps keep the
potential demand and energy outcomes transparent and robust.

2014 Forecast Results Overview

This year, Minnesota Power has identified the “Moderate Growth” scenario as its expected case
outlook and has submitted this in its 2014 Annual Electric Utility Report filing. This scenario is
similar to last year’s submittal and assumes steady underlying growth with new and existing
large customers adding about 215 MW by 2020.

Table 1 below shows the Moderate Growth scenario forecast for annual energy sales and
seasonal peak demand. Annual energy sales and peak demand are both projected to grow at
about 1.1 percent per year (on average) from 2014 through 2028. The large increase in projected
sales and demand in the 2015-2016 timeframe is due to the start-up of a new mining customer’s
facility in Nashwauk, Minnesota.

1 Both error figures are Mean Absolute Percent Error (MAPE) of the energy sales forecast, and were calculated excluding the recessionary years
of 2009 and 2010, in which there’s significant and unpredictable fluctuations in large industrial loads.
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Table 1: Moderate Growth Energy Sales and Seasonal Peak Demand Outlook

Total Energy Sales Peak Demand
MWh Y/Y Growth | [Summer (MW)| Y/Y Growth | Winter (MW) | Y/Y Growth

2007] 10,680,509 1,758 1,763

2008] 10,839,446 1.5% 1,699 -3.3% 1,719 -3.3%
2009] 8,065,090 -25.6% 1,350 -20.6% 1,545 -20.6%
2010| 10,417,422 29.2% 1,732 28.3% 1,789 28.3%
2011] 10,988,200 5.5% 1,746 0.8% 1,779 0.8%
2012| 11,107,358 1.1% 1,790 2.5% 1,774 2.5%
2013] 10,985,809 -1.1% 1,782 -0.5% 1,751 -0.5%
2014] 11,005,984 0.2% 1,727 -3.0% 1,772 -3.0%
2015] 11,455,560 4.1% 1,807 4.69%9 1,931 4.6%9
2016] 12,210,706 6.6%9 1,923 6.4% 1,958 6.4%
2017] 12,139,526 -0.6%9 1,941 0.9% 1,973 0.9%
2018] 12,226,004 0.7% 1,954 0.7% 1,979 0.7%
2019| 12,282,442 0.5% 1,962 0.4% 1,988 0.4%
2020 12,373,073 0.7% 1,970 0.4% 1,996 0.4%
2021] 12,383,656 0.1% 1,976 0.3% 2,003 0.3%
2022| 12,428,847 0.4% 1,982 0.3% 2,010 0.3%
2023| 12,483,154 0.4% 1,990 0.4% 2,019 0.4%
2024] 12,565,416 0.7% 1,997 0.4% 2,028 0.4%
2025| 12,587,817 0.2% 2,004 0.4% 2,035 0.4%
2026] 12,645,886 0.5% 2,011 0.4% 2,044 0.4%
2027] 12,706,022 0.5% 2,019 0.4% 2,053 0.4%
2028] 12,802,330 0.8% 2,027 0.49% 2,063 0.49%
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Document Structure

This report has been constructed to provide the energy sales and demand forecast for Minnesota
Power for the 2014-2028 timeframe. Each section is designed to convey the report requirements
per MN Rules Chapter 7610, and give insight into Minnesota Power’s forecasting process and
results.

Section 1: Forecast Methodology, Data Inputs, and Assumptions details the development of
customer count, peak demand, and energy sales forecasts. This section contains a step-by-step
description of Minnesota Power’s forecasting process and details the development of databases
and models.

Other information included in Section 1:

e Descriptions of all forecast models used in the development of this year’s forecasts,
including:

o Model specifications

o Model statistics

o Resulting forecast’s growth rates

o A discussion of each model’s econometric merits and potential issues as well as

an explanation/ justification of each variable

Additional steps taken in 2014 to improve the forecast process and product
Strengths and weaknesses of Minnesota Power’s methodology
All data inputs and sources, including an overview of key economic assumptions
A description of all changes made to the forecast database since last year’s forecast
A discussion of Minnesota Power’s sensitivity to Large Industrial customer contracts
Minnesota Power’s confidence in the forecast

Section 2: Forecast Results presents the six forecast scenarios Minnesota Power developed for
the AFR 2014 forecast. Each scenario’s forecast is the product of a robust econometric modeling
process and careful consideration of potential industrial and resale customer load developments.
These Industrial and Resale assumptions were organized into scenarios based on the criteria
outlined below:

e Moderate Growth Scenario (AFR 2014 Expected Case): includes additional loads
served by Minnesota Power and its wholesale customers that are likely but not yet
certain. This scenario’s assumptions were formed through close communication with
customers on their planned expansions and utilize any publicly-communicated schedules
from prospective customers.

e Moderate Growth Scenario with Deferred Resale: includes additional loads served by
Minnesota Power and its wholesale customers that are likely but not yet certain. This
scenario’s assumptions are identical to those in the Moderate Growth scenario except the
start of a new mining customer’s facility in Nashwauk is delayed by one year. This
scenario demonstrates the sensitivity of Minnesota Power’s demand and energy outlook
to the timing of this prospective customer’s start-up.

7/15/2014 3
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e Current Contract Scenario: includes additional loads served by Minnesota Power and
its wholesale customers that are highly likely, i.e. the customer has a signed service
agreement or is otherwise bound by contract to change its load.

e Potential Upside Scenario: includes specific industrial expansions, in addition to those
in the Moderate Growth Scenario, that are plausible within the next five years.

e Best Case Scenario: includes specific additional industrial expansions, combined with
those in scenarios above and simultaneous stronger national economic growth. These
expansions may be in the initial review stages and are the most speculative, occurring at
any point in the next 15 years.

e Potential Downside Scenario: includes permanent production slowdowns at specific
customer facilities within the next five years and slower national economic growth.
Projects deemed to be highly likely under moderate economic conditions are delayed, and
added later in the forecast timeframe.

This section also includes several sensitivities to identify the range of possible outcomes due to
non-economic factors such as extreme weather, disruptive technologies, and non-renewal of
customer contracts.

Section 3: Other Information presents other report information required by Minnesota law and
cross-references the specific requirements to specific sections in this document.

7/15/2014 4
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1. Forecast Methodology, Inputs, and Assumptions
A. Overall Framework

Minnesota Power’s forecast models are the result of an analytical econometric methodology,
extensive database organization, and quality economic indicators. Forecast models are structural,
defined by the mathematical relationship between the forecast quantities and explanatory factors.
The forecast models assume a normal distribution and are “50/50”; given the inputs, there is a 50
percent probability that a realized actual will be less than forecast and a 50 percent probability
that the realized actual will be more than forecast.

The Minnesota Power forecast process involves several interrelated steps: 1) data gathering, 2)
data preparation and development, 3) specification search, 4) forecast determination, 5) initial
review and verification, and 6) internal company review and approval. The steps of the forecast
process are sequential; although, because of the research dimension, the process involves
feedback loops between steps 2 and 3. The process is diagrammed in Figure 1 below and
discussed in more detail in Section B.

Figure 1: Minnesota Power’s Forecast Process

1. Data Gathering 2. Data Preparation and Development
e Energy, customer count by sector e Data screen and correction
e Peak Demands e Weather data analysis
e Weather (HDDs,CDDs, Peak day 3 e Projections of industrial production
temperature and humidity) indices (IP1) <
e Electric revenue and prices, by sector e Simulations of regional economic
e National and Regional economic metrics development under each scenario (REMI)
e Appliance saturation e Detrend, deseasonalize, log-transform

e |dentify any changes in variables from
last year's database

v

4. Forecast Determination 3. Specification Search
e Conduct out-sample forecast testing <« o Examine plausible indicator series
e Assess plausibility of model outputs o Explore alternative model structures
o Narrow potential model list e.g. interact variables
i' e Determine goodness of fit, significance I
of variables, appropriate magnitude and
5. Forecast Review, Verification sign of coefficients
e Gain consensus on optimal models o |dentify potential model issues:
e Produce summary of findings and e Multicollinearity
recommendations e Autocorrelation
¢ e Heteroscedasticity

|6. Company Review and Approval |
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B. Minnesota Power’s Forecast Process
i. Process Description

1. Data Gathering involves updating or adding to the forecast database. The data used in
estimation can be broadly categorized as follows:

e Historical quantities of the variables to be forecast, which consists of energy sales and
customer counts for Minnesota Power’s defined customer classes, energy sales, and peak
demand.

e Demographic and Economic data for the 13-County Minnesota Power service territory
and Duluth Metropolitan Statistical Area (MSA) consists of population, households,
sector-specific employment, income metrics, regional product, and other local indicators.

e [ndicators of National economic activity such as the Industrial Production Indexes or
Macroeconomic indicators such as U.S. GDP (Gross Domestic Product) or
Unemployment.

e Weather and related data including heating degree days, cooling degree days,
temperature, humidity, dew point, and wind speed.

e Appliance saturation data including air-conditioning, electric space heating, and electric
water heating.

e Electricity and Alternative Fuel prices, which includes the price of electricity, natural
gas, and heating oil by sector for the Minnesota Power service territory.

After gathering these data, Minnesota Power compares all series to the previous year’s
database to identify any changes. The cause of any change to the historical data should be
explained and justified. This is explained further in Section C: Inputs and Sources.

2. Data Preparation and Development involves adjusting raw data inputs and then reviewing
the data through diagnostic testing. The purpose of this step is to develop consistently
defined and formatted data series for use in regression analysis. Adjustments made to specific
raw data inputs are described in the “Inputs and Source” section of this document. General
data preparation techniques such as Data Transformation and Interpolation are described in
the Specific Analytical Techniques section of this document.

3. Specification Search involves selecting an appropriate set of variables that serve as
explanatory factors for the customer count, energy sales, and peak demand series being
modeled2. Minnesota Power does this through a formalized two-step modeling and
documentation process:

Preliminary Model Generation — involves systematically generating all models that satisfy a
set of basic criteria. Model generation is conducted using a VBA (Visual Basic for
Application) tool designed and programmed by Minnesota Power.

2 Specific analytical techniques applied during this step are detailed in Section D.

7/15/2014 6

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report



MINNESOTA POWER
2014 ADVANCE FORECAST REPORT

The user first identifies the model’s basic structure, including: binary variables, trend,
verified weather variables, etc. The software then models every combination of economic
variables? using the specified binary variable structure, and retains all models that meet a
predefined set of statistical criteria. This step produced nearly three million plausible
regression models#. The program then identifies extremely similar models and removes
inferior redundancies to reduce the pool of models for consideration to about 220,000
models®. All models generated as part of the Preliminary Model Generation step of AFR
2014 are archived for later review.

Model diagnosis — involves in-depth analysis of the top 50 modelsé for each dependent
variable generated by the Preliminary Model Generation process. During model diagnosis,
another custom-programed VBA tool is leveraged to calculate and compare the models’
critical statistics. At this stage, review of the model results may show an alternative binary
variable structure or interaction variable could add value and both Preliminary Model
Generation and Model Diagnosis are repeated. If alternative specifications cannot improve
model quality, the process moves on to Step 4: Forecast Determination.

During Model Diagnosis, Minnesota Power’s custom-programed VBA tool identifies the
following statistical metrics:

Goodness of fit: Adjusted R-Squared and MAPE (Mean Absolute Percent Error).
Model simplicity and efficiency: AIC and SIC?

Heteroscedasticity: Breusch-Pegan F, Breusch-Pegan ChiSq, and White's F tests.
Multicollinearity: Variance Inflation Factor (VIF) of each input variable
Autocorrelation: Breusch-Godfrey F & Chi-Squared, Durban-Watson, and Durban-H
Specification tests of non-linear variable combinations: Ramsey's RESET F
Out-sample forecast error: RMSE (Root-Mean Squared Error), MAE, and MAPE

4. Forecast Determination narrows the list of potential models via a thorough review.
Minnesota Power evaluates and compares model statistics, plausibility of the model’s outputs
(i.e. the forecast), and model structure. This step involves the utilization of objective metrics
as far as is possible to inform judgment on the part of the forecaster.

The forecast determination process begins by identifying the apparent statistically-superior
model. If the model’s forecast growth rate is implausible or predictor variables are
unintuitive, Minnesota Power moves on to the second most statistically-superior model. This
continues until Minnesota Power identifies a plausible model. This top-ranked model is then
selected as a preferred or preliminary AFR model for the specified dependent variable
(customer count, energy sales, peak demand).

3 Only two economic variables are modeled at a time because 1) a third or fourth economic variable is unlikely to add considerable predictive
value, and 2) three or more variables is computationally intensive.

4 This figure is the total of all preliminary models generated for all dependent variables.

5 This figure is the total of all filtered preliminary models generated for all dependent variables.
6 Models are ranked by a 2-year Out-sample Root-Mean-Squared Error (RMSE)

7 Akaike information criterion and Schwarz information criterion
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However, the difference in statistical quality among top models is usually negligible and
there are reasons to dismiss the top-ranked model in favor of a lower ranking model. For
example, having a weather variable for each month is ideal because it allows for accurate
after-the-fact weather normalization later by the company. If the top-ranked model lacks a
specific month’s weather variable, it may be passed-over in favor of one that has a full
complement of weather variables, and is nearly identical in statistical quality.

This step narrows the model list further; from fifty to just two or three select models for each
dependent variable.

5. Forecast Review and Verification produces a list containing a single, preliminary model for
each of the dependent series. During this step, analysts compare and debate the quality of
models to reach a consensus around a final set of optimal models. Where a consensus cannot
be immediately reached because two models may be highly comparable in statistical quality
and plausibility of outputs, out-sample forecast accuracy determines the model put forward
for Company Review and Approval.

6. Company Review and Approval: All forecasts are vetted internally to ensure that consistent
use of forecast information was employed and that the forecasts are reasonable.

ii. Specific Analytical Techniques

Data Transformation Schema for Economic Variables: Transformations are used to maintain
consistency among variables or to identify non-linear relationships between predictor variables
and the dependent variable within the confines of simple linear regression. Minnesota Power
uses several data transformations in data development: constant-dollar deflating/inflating, per-
day conversion, de-trending/ de-seasonalizing, first difference, natural log de-trending, and first
difference of natural log.

Constant-dollar Deflating/Inflating - is the process of deflating/inflating all dollar-
denominated series to the same base year to maintain consistency of definition. Minnesota
Power utilized 2009 as its base year in the 2014 forecast. The 2009 base year is the current
standard among public and private data providers such as IHS Global Insight and the Bureau
of Economic Analysis (BEA).

Per-day Conversion — divides monthly billed energy use or monthly Heating/Cooling Degree
Days by the number of days in the specified month. This transformation normalizes for the
effect of varying days-per-month on a monthly aggregate like energy use or Heating/Cooling
Degree Days. This results in consistently defined series that are more appropriate for linear
regression modeling.

De-trend and De-seasonalize — is the process of removing the historical trend/ seasonality
from a data series. This reduces the potential for the spurious, or false, correlation that often
results from mistaking similarity of trends with similarity of variation between a predictor and
the dependent variable.

7/15/2014 8
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Natural Log De-trend — takes the natural log (In) of each observation in the series and then
removes the historical trend/ seasonality from the series. This transformation allows a linear
regression processes to identify non-linear relationships between variables. For example: a 10
percent increase in X causes a 1 unit increase in Y.

First Difference — changes the definition of the series from level (e.g. the number of customers
in a month) to change (e.g. the customers gained or lost from one month to the next) by
subtracting the previous value from the current. The first difference transformation reduces the
series to only variation (change) so there is no trend of potential to mistake similarity of trend
with similarity of variation.

First Difference of Natural Log — calculates the month-to-month change in the natural log
series.

Interpolation Technigue — Minnesota Power collects and utilizes raw monthly-frequency data
whenever possible. However, some data series are not available at a monthly-frequency (e.g.
U.S. GDP is only available in Quarterly and Annual frequencies). Interpolation allows annual or
quarterly data to be used in monthly-frequency regression modeling by converting it to a
monthly variable.

The specific interpolation function utilized in Minnesota Power’s 2014 forecast process is known
as a “Cubic Spline” interpolation. This technique is widely used because it produces a smooth
monthly series by constraining the first and second derivatives of the variable to be continuous
on the entire time interval.

The cubic spline interpolation function is in piecewise cubic polynomial form:8

Yi) =ai+bit+ct?+dt
Where: 0 <t <1
i=1,2 ...,n-1
Yi = i" piece of the spline
aj, bi, ci, and d; are estimated polynomial coefficients
Annual-to-monthly interpolation assumes the annual value as June, and July through May are
interpolated points. Quarterly-to-monthly interpolation assumes Quarter 1 as February, Quarter 2

as May, Quarter 3 as August, and Quarter 4 as November; all other months are interpolated
points.

Utilization of a cubic spline function for interpolation is new to the AFR 2014 process and is an
improvement over previous interpolation methods. In previous forecasts, Minnesota Power used
some variant of a simple “straight-line” interpolation function. The change in the interpolation
methods will cause the historical monthly data in the forecast database to differ slightly from the
previous years.

8 http://mathworld.wolfram.com/CubicSpline.html

7/15/2014 9

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report



MINNESOTA POWER
2014 ADVANCE FORECAST REPORT

Modeling Techniques - As a rule, all models are ordinary least squares (OLS) and all input
variables’ coefficients must be significant at a 90 percent level (as indicated by p-values less than
10 percent). OLS models are simple, transparent, explainable, and produce optimal estimates of
the coefficients. Confidence in the significance of these coefficients is maintained as long as the
model is not negatively affected by autocorrelation or heteroscedasticity.

Each dependent variable (14) is modeled in both levels and logs, but is not de-trended. If a trend
is present in the historical count or sales data, it should be accounted for with a trend variable.
The trend variable explains general, underlying growth, whereas the de-trended or differenced
independent (indicator) variables explain variation around this trend.

During the Specification Search and Forecast Determination steps each model is subject to the
criteria below:

1. Test for autocorrelation using:
a. ACF and PACF Plots
b. Breusch-Godfrey test - Low p-value (below 5 percent) rejects the initial
hypothesis and indicates presence of potentially problematic autocorrelation.
c. Durban-Watson and Durban-H

If autocorrelation is present:

a. Include ARMA? terms to solve for autocorrelation and obtain accurate
estimates of coefficient’s t-stats and p-values

b. Remove truly insignificant economic variables (as indicated by high p-
values). Seasonal binaries, trends, and constants are not subject to this rule
because their apparent insignificance results from the ARMA terms
appropriating their role in the model and not from autocorrelation

c. Remove ARMA terms to revert to a corrected OLS model

ARMA terms are only used to assess or un-bias the P-values of the OLS models.
Autocorrelation may still be present in the final OLS, but it’s been shown to have
minimal impact on model coefficients and has not biased P-values.

2. Test for multicollinearity using VIFs (Variance Inflation Factors) - multicollinearity
is generally unacceptable in the final models but is assessed in the context of other
variables and model statistics. The VIF of a variable is a measurement of its
correlation with every other variable in the model whereas a correlation matrix would
only identify the correlation of two variables to each other at each point in the matrix.
Thus, VIFs are superior to a correlation matrix as a method of identifying
multicollinearity. VIFs are assessed according to these criteria:

a. VIF less than 3 is optimal - correlation with the remaining variables is less
than 82 percent.
b. VIF of 3-5 is acceptable, but is assessed in context with other diagnostics.

9 Autoregressive Integrated Moving Average
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c. VIF of 5-10 is generally unacceptable, but is assessed in context with other
diagnostics. A VIF > 5 implies correlation with remaining variables is greater
than 90 percent.

d. VIF greater than 10 is unacceptable correlation for any economic variable. In
this case the correlation with the remaining variables is greater than 95
percent.

VIFs on all economic and demographic variables in all models are well within
acceptable limits. Minnesota Power considers high VIFs on seasonal binaries
variables inconsequential since the cause of this correlation is clear; it’s interacting
with the intercept, weather variables, or other binaries. Because these binaries are
important to the structure of the model, they are not excluded in the same way an
economic variable would be if found to have high multicollinearity with other
variables.

3. Test for heteroscedasticity using:
a. Breusch-Pegan F and Chi-squared
b. White's F tests.

Presence of heteroscedasticity cannot bias the estimates of the coefficients. However,
heteroscedasticity can affect the measured standard errors of the estimates, which
may bias the estimates of t-statistics and P-values.

When heteroscedastic conditions are present in the preferred OLS model, Minnesota
Power follows the same process as with autocorrelation. ARMA terms are added in
an attempt to solve heteroscedasticity and examine the unbiased P-values.
Occasionally, heteroscedasticity cannot be solved for and plausible alternative models
cannot be identified. In these cases, Minnesota Power had no choice but to accept that
estimates of P-values in these models may be biased.

Models that meet the above criteria, have plausible outputs (forecasts), and have an intuitive
econometric interpretations are put forward as potential final models for review during the
Forecast Determination and Forecast Review and Verification steps (AFR 2014 Forecast
Process pg. 5).

Once forecast models are verified and finalized, they form the basis of the “econometrically-
determined” outlook for energy sales, peak demand, and customer count. Assumptions for future
load additions/ losses and adjustments to account for recent customer expansions are applied to
the econometric outlook to produce Minnesota Power’s final energy sales, peak demand, and
customer count outlook.

iii. Methodological Adjustments for the 2014 Forecast

Minnesota Power is continuously improving its forecast methodologies to better model and
predict customer energy requirements. This year’s forecast features an expansion of the forecast
database, an enhanced Specification Search process, and key methodological enhancements.
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Adjustment of the Historical Energy Sales and Peak Demand Data to Account for Recent
Customer Expansions: To avoid biasing estimates due to structural breaks in the historical
timeframe, Minnesota Power removes the impact of recent large load additions/ losses from
historical energy sales and peak demand prior to regression modeling. The adjusted series is then
modeled, an econometric forecast is produced, and then projected sales to these large customers
are added back to the econometric forecast.

In the past, Minnesota Power modeled raw historical sales data and made no adjustments to the
raw sales data prior to regression. Instead, post-regression arithmetic adjustments were applied to
the econometric forecast to account for large load additions in the forecast timeframe. This is no
longer a suitable approach to forecasting given the sizable impact of recent load additions/ losses
on the historical timeframe used for estimation; there’s a high potential for double-counting or
understating the impact of recent load additions or losses.

In econometrics, clear definitional shifts affecting the historical series (such as the recent
addition of a large customer) are referred to as “Structural Breaks,” and, if left unaccounted for,
can lead to large forecasting errors and unreliability of the model in general®,

Ideally, structural breaks are modeled with a binary variable that denotes the sudden break, but
this requires abundant observations both before and after the break. Minnesota Power’s large
additions/ losses are so recent that there are not enough observations for a binary variable to
effectively account for any structural breaks. Thus, the only option for avoiding the negative
effects of structural breaks is to adjust the historical data. Minnesota Power will evaluate this
approach each year and revert to use of raw (unadjusted) data if and when structural breaks can
be accurately accounted for using a binary variable.

For consistency of application, a structural break is defined as the addition or loss of a customer
that comprises more than one percent of sales to its respective customer class in any given
historical year. Adjustments for structural break are only made when metered sales data is
availablell. These adjustments are described in detail in the Data Revisions Since Previous AFR
section.

Use of Binary Variables Account for Shift in Customer Count Growth: Since the recession,
Minnesota Power has observed a divergence of economic indicators and energy sales. Although
economic conditions have improved, employment has rebounded, and population growth in the
region has resumed, there has been little to no growth in electricity use by several customer
classes.

10 structural Breaks should not be confused with sizeable shifts that results from a measurable change in the economy. For example: The change
in the composition of the Mining and Metals sector due to the closing of LTV, while sudden and sizeable, had a clear economic cause and
economic metrics can be used to accurately model this loss of energy sales and load.

11 Minnesota Power has a number of resale customers that have experienced recent load additions and losses, but these data are not available to
Minnesota Power. In this case, a post-regression adjustment is still applied to account for the load addition in the forecast timeframe. When it’s
evident that this load addition or loss is reflected in the econometric forecast, Minnesota Power will cease the post-regression adjustment.
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For example, Residential customer count has grown by just 97 customers or 0.08 percent (net)
since 2009 and sales have stagnated as well. However, key economic and demographic
indicators continued to grow in this timeframe. A model using these indicators would over-
forecasts in the later years of the estimation timeframe (2012-2013) and, presumably, the first
period in the forecast timeframe (2014). To account for this divergence, Minnesota Power
utilizes binary variables in several customer count models to effectively shift the first forecast
year (2014) to align with the last historical year (2013). Although the forecast is shifted by the
binary viable (a constant), the trajectory (growth rate) of the forecast is still determined by the
economic variables.

Refined Temperature Range Stratification Approach (Peak Demand Model): Last year,
Minnesota Power adopted a stratified temperature variable approach to better estimate
temperature’s impact on demand (“weather effect’). This approach involved stratifying
temperature variables according to temperature range rather than by month (via a Monthly
Interaction). This weather variable specification improved the significance of coefficients and
prevented some statistical issues such as multicollinearity; however, the specific method of
stratification created variables that were not mutually exclusive, which complicated the
interpretation of the coefficient.

This year, each temperature series (high, low, and average temperature for the day) is stratified
based only on the average temperature for the day. Stratification based on a single series
produces mutually exclusive variables and eliminates the possibility for overlap to clarify the
definition/ interpretation of the coefficients.

For consistency with this change, the temperature humidity index and the wind chill index are
also based on the average temperature for the day.

iv. Treatment of Demand-Side Management (DSM) and Conservation Improvement
Programs (CIP)

DSM programs represent activities that a utility undertakes to change the configuration or
magnitude of the load shape of individual customers or a class of customers in the interest of
reducing environmental impact and postponing construction of new capital.

Minnesota Power has engaged in several different types of DSM:

e Conservation - Conservation results in a reduction in total electric energy consumed by a
customer and the potential to reduce both on-peak and off-peak demand. Conservation
generally results in a reduction in the overall rate of growth of electric energy demand.
Conservation, in the context of Minnesota Power conservation programs, may also include
process efficiency, which results in the potential to reduce the total electric energy
consumed by a customer as well as to decrease on-peak and/or off-peak demand. Process
efficiency reduces the overall growth rate of electric demand because it results in greater
production, through more efficient equipment or processes, from a facility for the same
energy inputs. If the facility failed to implement process efficiency projects, more electric
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energy would be required to meet production requirements. Process efficiency generally
results in avoided energy production and capacity additions over the long-term.

e Peak Shaving - Peak shaving reduces peak demand without affecting off-peak demand.
Minnesota Power’s dual-fuel load control and Large Power (LP) interruptible programs are
peak shaving programs.

e Load Shifting - Electric demand is shifted from on-peak to off-peak hours.

Minnesota Power excluded any exogenous DSM/CIP data adjustment to the energy sales and
demand forecasts. The impact of conservation and DSM/CIP programs are present in the
historical data upon which all AFR 2014 models were constructed, and are therefore implicit in
the forecasts. An exogenous adjustment on top of the embedded impacts will double count the
effects of conservation and misstate energy consumption.

v. Methodological Strengths and Weaknesses

Minnesota Power’s forecast process combines econometric modeling with a sensible approach to
modifying model outputs for assumed changes in large customer loads. An econometric
approach, utilizing regression modeling, is optimal for estimating a baseline projection with a
given economic outlook. However, a fully econometric process would not imply any of the
substantial industrial expansions that are likely in the Minnesota Power service territory. A
combined “econometric/ large customer load addition” approach produces the most reasonable
forecast.

Minnesota Power’s econometric modeling process has two key strengths; it’s both highly
replicable, and adept at narrowing the list of potential models to only those that are most likely to
produce quality results which allows more time for in-depth statistical testing and critical review
of each model.

That said, there are some weaknesses to a combined “econometric/ large customer load addition”
approach. For instance, there is some subjectivity in the perceived likelihood of individual large
customer load addition/ losses since their magnitude or timing is difficult to estimate in a
probabilistic way. To minimize subjectivity on the part of Minnesota Power, the Company
utilizes any information that has been publicly communicated by prospective customers in its
scenario planning.

Minnesota Power is highly sensitive to large industrial customer decisions as large taconite,
paper, and pipeline customers represent more than half of Minnesota Power’s system demand
and energy sales at any given point in time. Minnesota Power addresses this potential for error
by maintaining close contact with existing and potential customers to identify their plans, and
then creating a range of plausible scenarios to address the uncertainty.
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C. Inputs and Sources

Minnesota Power draws on a number of external data sources and vendors for its indicator
variables. Each year, the forecast database is updated with the most current economic and
demographic data available. This involves an update of the entire historical timeframe since
these data are frequently revised. Special attention is given to identifying any changes from
previous years’ data and data sources. Changes from last year’s database are clarified later in this
section.

I. AFR 2014 Forecast Database Inputs
Weather

Weather data for Duluth, MN was collected for historical periods from the National Oceanic and
Atmospheric Administration (NOAA) and from Weather Underground (WU)12, Minnesota
Power utilizes Monthly Heating Degree Days (HDD) and Cooling Degree Days (CDD) in energy
sales forecasting and peak-day weather conditions in peak demand forecasting.

Monthly total HDD and CDD are sourced from NOAA. The monthly total HDD and CDD
values are normalized for the number of days in a month by dividing the monthly HDD or CDD
count by the number of days in the month. This result in the “per-day” series HDDpd and
CDDpd. For example:

The “per-day” value of 46.1 HDDpd in January 1990 was calculated as follows:

Duluth Minnesota’s HDD count for January 1990 (1428) is divided by the number of
days in January (31) to produce an HDDpd value of 46.1.

Normalizing the series by transforming to a per-day unit allows for a more accurate estimate of
the weather’s impact on energy sales. The forecast assumes a 20-year historical average for each

month (Apr 1994 — Mar 2014). January’s forecast assumption (for example) is an average of Jan-
95, Jan-96...., Jan-14.

Temperature, humidity, and wind-chill data used to model peak demand are derived from WU.
This source has been in use for daily-frequency weather data over the last two forecasting cycles
instead of NOAA data. WU’s weather data rarely differs from NOAA, and the WU online tools
and data format are more conducive to variable development.

Development of the historical weather series begins by establishing the date of historical
monthly peaks. Weather data for these dates is then gathered and organized into monthly-
frequency peak-day weather series.

Calculating a 20-year historical average of peak-day weather for use as a forecast assumption
requires recorded peak dates for the timeframe prior to the establishment of the current electronic

12 hitp://ww.wunderground.com/
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database (1994-1999). Minnesota Power uses the Federal Energy Regulatory Commission
(FERC) Form 1 to identify the dates for peaks prior to 1999 and then gathers the corresponding
weather data. Forecast assumptions for peak-day weather can be calculated from the completed
20-year history.

A Temperature-Humidity Index3 (THI) is utilized to take into account the effect of heat and,
when applicable, humidity on summer peaks. The THI is only applicable when temperatures
exceed 80 degrees and relative humidity exceeds 40 percent. If both conditions are not met,
humidity’s impact is assumed to be minimal and is excluded. A Wind-chill index!4 (WC) was
also utilized to capture the cold temperatures and, when applicable, the cooling effect of wind
speed.

IHS Global Insight

Since 2009, Minnesota Power has utilized IHS Global Insight estimates of historical and forecast
economic activity in Northeast Minnesotal® as key inputs to energy and customer count models.
This year’s forecast process features an expansion of IHS Global Insight data use.

Duluth Metropolitan Statistical Area (Duluth MSA)6 economic indicators were added to the
forecast database, along with the 13-County economic indicators. The more geographically-
granular indicators were expected to add predictive power by more closely aligning with the area
containing Minnesota Power’s customer base. This database expansion also simply adds to the
pool of potential predictor variables during modeling.

National-level economic indicators from IHS Global Insight replace Blue Chip Economic
Indicators?” as inputs to Industrial Production Index (IP1) modeling. IHS Global Insight provides
access to more national-level variables and allowed Minnesota Power to expand the IPI forecast
database. The data source change also maintains consistency of assumption in all areas of
Minnesota Power’s forecast process and among all levels of geographic granularity.

IHS Global Insight County-level data for Northeast Minnesota®® is calculated through a “Top-
down/ Bottom-up” approach; the Minnesota Power area economy is modeled independently,
considering unique local conditions, and is then linked to the national economy to ensure
consistency across the national, regional, state, and MSA levels. IHS Global Insight utilizes the
most current historical data available from public data sources, which is updated frequently.
These updates flow through IHS Global Insight’s process to ultimately effect historical series
used in Minnesota Power’s forecast database. Thus, the historical regional employment and
income data has changed from last year’s database.

13 http://www.srh.noaa.gov/images/ffc/pdf/ta_htindx.PDF

14 http://www.nws.noaa.gov/os/windchill/index.shtml

15 Minnesota Power’s 13-County Planning Area is defined as: Carlton, Cass, Crow Wing, Hubbard, Itasca,
Koochiching, Lake, Morrison, Pine, Saint Louis, Todd, and Wadena counties in MN, and Douglas county WI

16 The Duluth MSA is defined as St. Louis Co. MN, Carlton Co MN, and Douglas Co. WI

17 Blue Chip Economic Indicators was the only source of national economic indicators used in previous forecasts
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The frequency of the raw Duluth MSA and National-level economic data is quarterly, and
interpolation to a monthly frequency is necessary for use in Minnesota Power’s monthly
forecasting process. The interpolation method used is described in the Specific Analytical
Techniques section.

Regional Economic Models, Inc. (REMI)

Minnesota Power subscribes to the latest REMI Policy Insight version (P1+) for northeastern
Minnesota. This input/output econometric simulation software combines a national economic
outlook18 with specified regional economic conditions to produce a forecast for a 13-County
Planning Area such as employment by sector, population, economic output by sector, and gross
regional product (GRP).

For the 2014 AFR, REMI was used to quantify the indirect economic effects of known and
expected changes in regional employment (i.e. expansions and layoffs/ closures) to produce an
expected economic outlook for the region.

Minnesota Power also simulates alternative regional outlooks utilizing different employment
scenarios; each employment scenario corresponds to a forecast scenario. The forecast scenarios
described in Section 2 of this document are developed in two ways: 1) direct, post-regression
load adjustments to the econometric output, and 2) indirect, simulated economic impacts
incorporated through the predictor variables. Utilization of REMI to develop these economic
impacts for each scenario allows Minnesota Power to maintain consistency of assumption across
customer classes.

IHS Global Insight economic indicators for both 13-County Planning Area and the Duluth MSA
are calibrated using the results of REMI’s economic simulations. As the REMI outlook is
adjusted for alternative planning scenarios, the monthly employment and income outlooks are
changed accordingly.

Some indicators such as population and Gross Regional Product are not provided by IHS Global
Insight Inc. for the 13-County Planning area. These series are derived directly from REMI
outputs, and are of annual frequency. Interpolation to a monthly frequency is necessary for use in
Minnesota Power’s monthly forecasting process. The interpolation method used is described in
the Specific Analytical Techniques section.

Like IHS Global Insight, REMI relies on data from public sources that is subject to revision.
These revised data inputs result in revised historical values for the economic and demographic
indicators used in Minnesota Power’s database.

Indexes of Industrial Production (IPI series)

The indexes of industrial production are measures of sector-specific production in a given month
relative to a base year, 2007 in this case (that is, 2007 = 100). The indexes exhibit a high degree

18 Prior to simulation, REMI is calibrated to the IHS Global Insight National Economic Outlook
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of correlation with Minnesota Power’s historical industrial energy sales and are therefore ideal
for forecasting future energy sales to the class.

The historical IP1 data were obtained from the Board of Governors of the Federal Reserve. The
historical data is regularly revised to incorporate better data, better methods, and to update the
base year. To capture these revisions, Minnesota Power updates the entire historical data series
each year. These revisions are explained on the Federal Reserve’s websitel.

Forecasts for each IP1 were developed from the projections of National-level economic
indicators from IHS Global Insight, and are therefore consistent with all other AFR 2014 forecast
assumptions. These macroeconomic drivers are used model and forecast the IP1 series.

Minnesota Power de-trends and de-seasonalizes all input variables prior to modeling and opted
to utilize an already de-seasonalized series from the external source rather than applying its own
de-seasonalizing function. Both the seasonally-adjusted and unadjusted series are available from
the Board of Governors of the Federal Reserve. The 2014 forecast database utilizes the
seasonally adjusted historical indexes whereas last year’s AFR used the un-seasonally adjusted
series. Differences between the seasonally-adjusted and unadjusted series at the annual level are
very small.

Energy Prices

Estimates of future Minnesota Power rate changes are incorporated into the average electric price
forecasts as generally indicative of the intention and anticipation of changes in Minnesota
Power's rate structure and prices.

Average energy prices, history and forecast data, are from the Department of Energy (DOE) and
Energy Information Administration (EIA). The fuel types considered are electricity and natural
gas. End-use class energy price data is categorized by DOE/EIA into residential, commercial,
and industrial. DOE’s Annual Energy Outlook (AEO) is used for the forecast period. DOE
provides historical energy price data for Minnesota, forecast energy price data for the West
North Central (WNC) region, and the national total. Minnesota Power’s historical average
electric price data are from the Company’s FERC Form 1 and represent annual class revenue
divided by annual class energy. All energy prices are deflated by the 2009 base year GDP
implicit price deflator (IPD).

Appliance Saturation

Residential appliance saturation rates are key determinants of residential energy use. Minnesota
Power leverages customer survey data, EIA survey data, and key economic indicators to
approximate the level of historical and forecast appliance ownership. Historical Central Air
Conditioning, Electric Space Heat, and Electric Water Heat ownership rates were constructed
from survey respondents’ answers regarding age of appliances, dwelling age, etc. Forecasts of
appliance saturation rates are produced by modeling the historical series using economic and
demographic indicator variables such as Duluth MSA Housing Starts.

19 http://www.federalreserve.gov/releases/gl7/revisions/Current/gl7rev.pdf
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ii. Data Revisions Since Previous AFR

Minnesota Power made a number of adjustments to internally developed data for the 2014 AFR,
which fall into four general categories:

Revisions of count, sales, and peak demand data

Adjustments to raw customer count data for billing anomalies

Adjustments to raw sales and peak demand data for large load additions and losses
Revision of customer appliance saturation rate estimates

el N =

Revisions of count, sales, and peak demand data - Constructing a monthly-frequency database
for an extensive historical timeframe requires reconciliation of different records and data
sources. Billing practices and customer class composition change over time, and sources
occasionally disagree or differ in definition. Minnesota Power reviews and revises its forecast
database each year if inaccuracies are identified. Only three substantive (more than a rounding
error) changes were identified:

Change #1 — Energy sales to Mining customers in 2000 were lowered by about 55,000 MWh (1.2
percent) and sales to Other Industrial customers were increased by this amount. Total Industrial
energy sales were unchanged. Two customers [Trade Secret Data Excised] were incorrectly
classified as mining customers in Minnesota Power’s historical records for this year. The
difference in customer class composition was corrected. This small, isolated adjustment had
minimal effect on the forecast.

Change #2 — The historical sales series for each industrial sector (Mining, Paper, Other) was
limited to 1996. In previous AFR databases the data extended to 1994. Post-1996 data is of
higher quality and customer-level detail is available so class composition can be verified. Pre-
1996 data does not have this level of detail and class composition could not be verified; it was
therefore excluded from the forecast database.

Change #3 — The historical count of lighting customers was reduced in the 2009-2013 timeframe
by about 1000 per year. Minnesota Power changed billing practices in mid-2009 to count each
service point as its own customer; this expanded the customer count by an unmanageable 2500
percent. For the 2014 AFR database, Minnesota Power used the old billing practices to identify
and revise lighting customer counts in the 2009-2013 timeframe to create a constantly-defined
series that can be accurately forecasted.

Adjustments to raw customer count and energy sales data for billing anomalies — Minnesota
Power’s historical customer count and energy sales data contain a number of anomalous or
missing observations that can affect modeling and resulting forecasts.

Employing a binary variable during modeling or adjusting the raw data prior to modeling are two
common techniques used to avoid biasing models with anomalous observations. In previous
years, Minnesota Power used both techniques, but their application was not entirely consistent.
The 2014 database policy is as follows:
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Where there is a systemic shift (e.g. seasonal billing in residential customers count),
Minnesota Power does not adjust the raw data and instead utilizes a binary variable in
modeling. When there are less than 3 consecutive anomalous observations, Minnesota Power
adjusts the raw data prior to regression using straight-line interpolation. In general, an
observation was considered anomalous if it varied by more than 0.5 percent from a straight-
line-interpolated value.

The 2014 customer count and energy sales database contains 115 monthly points (about 2.4
percent of all monthly points) that have been adjusted in this way.

Adjustments to raw sales and peak demand data to account for large load additions and losses

— All adjustments to the historical database are described below in detail and organized by sector.
The impact of this methodological change on the forecast for each customer class is discussed in

the Model Documentation section.

[Trade Secret Data Excised]
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Revision of customer appliance saturation rates — Air-conditioning and electric heat ownership
are estimated based primarily on survey data. In recent years, Minnesota Power has used
economic and demographic indicators to refine its estimations of historical saturation rates, and
has been able to improve the predictive ability of weather variables as a result. This year,
Minnesota Power leveraged survey results from the EIA for several geographic regions?0 to test
and improve its historical estimation method. This had the effect of increasing Air-conditioning
saturation in the early historical timeframe (1990-2003) by about 3 percent per year and reduced
saturation in the later historical timeframe (2004-2013) by about 2 percent per year. Electric heat
saturation was increased by about 2 percent per year in the years 1990-1998 and 2007-2013, and
was reduced by about 2 percent per year in the 1999-2006 timeframe.

Regarding externally derived data, Minnesota Power noted several small changes between the
AFR 2014 forecast database and the AFR 2013 database. None of the changes are unexplainable
or implausible, and Minnesota Power is confident in moving forward with the database updates.
Table 2 shows the series that were utilized in both the AFR 2013 and the AFR 2014 forecasts.

Table 2: Changes to Forecast Database
Changes to Database

Economic and Demographic Variables 2013 to 2014

MP Area Population Change #1
MP Area Employment in Education and Health Change #2
MP Area Employment in Manufacturing Change #2
MP Area Employment in Trade, Transport, Utilities Change #2
MP Area Employment in Finance Change #2
MP Area Employment in Public Sector Change #2
MP Area Employment in Construction, Natural

Resources, and Mining Change #2
MP Area Wage Disbursements Change #3
Industrial Production Index: Iron Ore Mining Change #4
Industrial Production Index: Paper Change #4
Central Air Conditioning Saturation Change #5
Electric Heat Saturation Change #5

Change #1 (Minnesota Power Area Population) — Annual data for the post 2010 timeframe was
updated by REMI per updates to other economic and demographic series used as inputs in the
REMI model. Population in years 2011 and 2012 were reduced by about 6,000 (1 percent) and
9,000 (1.6 percent), respectively. Differences in the Population variable in the pre-2010
timeframe are due to the use of an alternate interpolation technique as noted in the Specific
Analytical Techniques section.

20 \ery Cold/ Cold climate region, West North Central census region, Midwest census division, and the entire U.S.
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Change #2 (IHS Global Insight Employment Data) — When aggregated to annual values, the
income and employment series show minimal variation from the last year’s historical data.
Differences in employment series prior to 2011are fairly small. The largest difference was in
2010 financial sector employment, which was about 0.5 percent lower in the AFR 2014 database
than it was in the AFR 2013 database. All historical data utilized in the forecast database was
provided by IHS Global Insight and was not adjusted by Minnesota Power in any way.

Change #3 (IHS Global Insight Income Data) — For consistency with all other dollar
denominated series in this year’s forecast database, Area Wage and Salary Disbursements was
deflated to 2009%. In AFR 2013, this series was denominated in 2005$. Utilization of a different
base year (2009$ instead of 2005%) is a simple constant transformation and cannot substantively
affect regression results.

Change #4 (Industrial Production Indexes) — As noted in the Inputs and Sources section,
Minnesota Power transitioned to a seasonally adjusted series from an un-seasonally adjusted
series. Historical Industrial Production Indexes (IPI) series were downloaded from the Federal
Reserve Board’s Data Download Program and were not adjusted by Minnesota Power.

Generally, the seasonal adjustment had the effect of increasing the index in quarter 1 of each
year and reducing the index in quarters 2-4. Adjusting for seasonality had almost no impact when
the series are aggregated to an annual frequency. There was little to no change in the Iron IPI in
all years except in 2009 where the annual values differ by about 1.5 percent. The Paper IP index
was unchanged at any significant decimal place.

Temperature variables used in the peak demand model have been redefined and will therefore
differ from those in last year’s database. This change is described in the Methodological
Adjustments for the 2014 Forecast section because it’s not necessarily a revision of historical
data; the method of incorporating this indicator variable into the forecast model has been adapted
but is still based on the same historical temperature data for Duluth, MN.
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D. Overview of Key Inputs/Assumptions

i. National Economic Assumptions

The national economic outlook is derived from IHS Global Insight and serves as the basis for
Minnesota Power’s regional economic model simulations. Some of the key outputs of the
national economic forecast are GDP, IPI, unemployment rates, and auto sales. These variables
are shown in Figures 2-5 below, for the Expected, Optimistic, and Pessimistic cases.

Figures 2 and 3: National Economic Outlook (GDP and Industrial Production)
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In the Expected case, U.S. GDP and IPI growth average 2.6 percent per year from 2014-2028.
The Expected case (yellow) macroeconomic outlook serves as the underlying assumption for the
Current Contract, Moderate Growth, and Potential Upside scenarios. The Pessimistic case
macroeconomic assumptions serve as the basis for the Potential Downside scenario; in this case,
GDP growth averages just 2 percent per year and IPI growth averages just 2.2 percent per year in
the forecast timeframe. The Optimistic macroeconomic outlook drives the Best Case scenario; in
the Optimistic outlook GDP and IP1 growth average 3.0 percent per year.

Figures 4 and 5: National Economic Outlook (Unemployment Rate and Auto Sales)
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Figure 4 show the unemployment rates in the three national outlooks all fall steadily in the first
few years of the forecast timeframe before reaching long term labor market stability consistent
with the assumed rate of GDP growth. Assumptions of unit auto and light truck sales in Figure 5
show similar pattern in the forecast timeframe with substantial improvement in the medium-term
and stabilization in the long term.

ii. Regional Economic Assumptions

The Regional Economic Model provided by REMI is calibrated to the geographic area additively
defined as 13 counties, 12 counties in Minnesota (Carlton, Cass, Crow Wing, Hubbard, Itasca,
Koochiching, Lake, Morrison, Pine, Saint Louis, Todd, and Wadena) and one county in
Wisconsin (Douglas). This is referred to as the “13-County Planning Area.” Minnesota Power
expanded its database to include economic and demographic indicators at the Metropolitan
Statistical Area level (this includes St. Louis and Carlton counties in Minnesota and Douglas
county Wisconsin). The graphs below show alternative economic outlooks for both regions
based on the, high, and low outlooks for the nation. The regional economic outlooks are further
specified by incorporating scenario-specific inputs into REMI, as described in Section 1.C.
Figures 6 and 7 compare the historical and projected growth rate of both regions’ product.
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Figures 6 and 7: Regional Economic Outlooks (13-County Product and Duluth MSA Product)
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The 13-County Planning Area’s Gross Regional Product (GRP) averages 2.7 percent per year
growth in the forecast timeframe whereas the Duluth MSA product averages just 1.5 percent per
year in the forecast timeframe. Population growth rates show a similar trend: the 13-County
Planning Area grows at about 0.6 percent in the forecast timeframe and the Duluth MSA area
population grows at just 0.2 percent per year. The difference in the two regions’ historical and
projected growth, shown below in Figures 8 and 9, demonstrates why Minnesota Power

expanded its database.

Figures 8 and 9: Regional Economic Outlooks (13-County Population and Duluth MSA Population)
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E. Econometric Model Documentation

This section presents the statistical detail of all models utilized in the development of the AFR
2014 forecast. The model’s structure, key diagnostic statistics, forecast results, and a discussion
of the model are provided for added transparency.

Models are shown with each variable’s coefficient, t-stat, p-value, and VIF. A graph displays the
historical series, growth rates for time-frames of interest, and compares this year’s forecast to last
year’s forecast. A table shows a more focused view of the forecast with a shorter historical
timeframe to examine year-over-year growth rates. Key diagnostic statistics for both the final
OLS model and its ARMA-corrected corollary are shown in a table in the bottom left corner of
each page. Specific diagnostic criteria and modeling techniques discussed in this section are
described in detail in Section B. Minnesota Power’s Forecast Process under the heading Specific
Analytical Techniques.

Minnesota Power offers a discussion of the modeling approach, econometric interpretations of
key variables, and potential model issues for each model. This portion of the model
documentation also compares this year’s model with last year’s model and notes any interesting
findings or insights gained.

All forecast values shown in this section are the 2014 expected case “Moderate Growth”
scenario. The forecast values shown in the chart and tables for each model combine the
econometric output with specific load, energy, and customers count additions. The total energy
sales outlook is shown below (left) with the total customer count outlook (right).

Figures 10 and 11: Moderate Growth Scenario Projection of Energy Sales and Customer Count by Class
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Minnesota Power did not develop a model to forecast Sales for Resale customer count.
Minnesota Power currently has 17 resale customers, each of which has signed a service
agreement. The loss or gain of a resale customer is therefore better accounted for by reviewing
these agreements and communicating with customers. Econometric models are not appropriate
for estimating future resale customer counts.
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Residential Customer Count - Moderate Growth

Estimation Start/End:

7/1990 - 3/2014

Unit Modeled/Forecast:

Monthly Customer Count

Residential Customer Count

150
<- History Forecast ->
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2 130
B 2008-2013 Avg.
3
K] 0.3% per-year
E 120 =]
€
3
o
© 110
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OLS Model ARMA Test
Variable Coefficient P-Value VIF P-Value
CONST 67,222.98 0.00% 0.00%|
Trend 92.57 0.00% 2.09 0.00%
Binary Billing_1 (2,214.61) 0.00% 1.24 0.00%|
Binary Billing_2 (3,420.87) 0.00% 1.46 0.00%|
Binary 2012 (925.69) 0.00% 2.04 15.55%)
Binary 2013 (2,116.80) 0.00% 2.10 14.07%)
Binary 2014-2030 (2,704.59) 0.00% 1.34 12.62%
13co_Edu_Health_lead_6 0.57 0.00% 2.65 0.99%)
MSA_Retail_Trade_lag_6 689.62 0.00% 2.11 9.87%)
OLS Model
Count Y/Y Growth

2007 118,870

2008, 119,300 0.4%

2009 121,217 1.6%

2010] 121,235 0.0%

2011 121,251 0.0%

2012] 120,697 -0.5%

2013 121,314 0.5%

2014 120,818 -0.4%

2015] 123,065 1.9%

2016 124,243 1.0%

2017] 125,202 0.8%9

2018, 125,997 0.6%

2019 126,542 0.4%

2020 127,136 0.5%

5yr CAGR
2025 129,353 0.3%
OLS Model ARMA Test
Model Statistics Magnitude P-Value Magnitude P-Value

Adjusted R"2 99.8% 99.9%
AlC 11.90 11.41
SIC 12.01 11.57
MAPE 0.3% 0.2%
Model F Test 15543.7 0.0% 18519.5 0.0%
Estimates Residual S.D. 377 295
SSres 39,224,856 23,703,886
Degrees of Freedom

Breusch-Pegan F
Breusch-Pegan ChiSq
White's F

Breusch-Godfrey AIC F
Breusch-Godfrey AIC ChiSq
Breusch-Godfrey SIC F
Breusch-Godfrey SIC ChiSq
Durban-Watson

Durban-H

FITA2 Ramsey's RESET F
FITA3 Ramsey's RESET F
FITA4 Ramsey's RESET F

Out-of-Sample RMSE
Out-of-Sample MAE

Out-of-Sample MAPE

15.2%
15.2%
11.0%
46.2%
0.1%
46.2%
0.1%

N/A
0.0%
0.0%
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Model Discussion

The AFR 2014 forecast of residential customer count growth moderated due to persistently low growth in the
recent historical timeframe. Key economic drivers of customer growth include Employment in the Education &
Health sector (13 county) and Employment in Retail Trade (Duluth MSA). This differs from last year's model
which utilized Area Households (13 county) as the sole economic driver of customer count growth. Nearly all of
the top models for residential customer count contained Employment in the Education and Health sector, which
affirms this model’s selection.

Minnesota Power’s econometric interpretation of the key drivers is as follows: For each job added to the
Education & Health sector, the customer count should increase by about 0.57. For each job added to the Retail
Trade sector, the customer count should increase by about 0.69 (note that this variable’s unit was in Thousands,
so the coefficient should be divided by 1,000 to reveal the level impact on count). These impacts are in addition
to a general upward trend over time. These variables are plausible and intuitive. Retail Trade employment seems
to indicate the variation around the more prominent underlying growth trends indicated by Education and
Health employment.

Education and Health sector accounts for 20% of the 13 county planning area employment and has been a strong
driver of overall employment growth in the area. From 2000 to 2013, the 13 county area has seen total non-farm
employment grow by approximately 5,000. Employment in Education and Health has grown by about 15,000;
this more than makes up for substantial losses in Construction, Natural Resource Extraction, and Manufacturing.
Employment in Retail Trade at the Duluth MSA level has declined about 1,500 since 2000, but its periods of
growth and contraction correlate well with periods of customer growth or stagnation.

Binary variables for 2012, 2013, and 2014-2030 effectively shift the first forecast year (2014) to align with the
last historical year (2013). Without these corrective binary variables, a small but growing divergence between
actual and predicted customer growth in the late historical timeframe suggests the economic indicators alone
would overstate customer count, and the 2014 forecast values from models without corrective binary variables
confirm this. Without these binary variables, the model would project an increase of over 2,000 customers from
2013 to 2014 (a 1.5% increase). The corrective binary variables shift the forecast down to avoid improbable
increases in customer counts, but do not impact the forecast trajectory; this is determined by the economic
variables.

Two binary variables (Binary_Billing) account for seasonal billing between 1994 and 2001. Due to accounting
practices, during this timeframe the recorded customer counts from November to May are 2,000-6,000 lower
than from June to October. Last year’s residential customer count model also utilized these variables.

This year’s model reduced out-sample forecast error (MAPE) to 0.43% from 0.57% in last year’s model and
improved other key metrics such as SIC, R-Squared, and in-sample forecast error (traditional MAPE). ARMA
testing of the OLS model was able to resolve heteroskedasticity and autocorrelation to confirm the significance
(P-values) of the economic variables’ coefficients. The very low VIF of each variable proves there is no significant
multicollinearity.
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Commercial Customer Count - Moderate Growth

Estimation Start/End: 1/1991 - 3/2014
Unit Modeled/Forecast: Monthly Customer Count
OLS Model ARMA Test
Variable Coefficient P-Value VIF P-Value
CONST (114,944) 0.00% 0.00%
Trend 27 0.00% 1.46 0.00%
Binary Jun_2013_2030 (165) 0.01% 1.24 0.50%)
13co_Edu_Health_LN_t lead 9 3,205 0.00% 2.09 0.00%]
13co_Population_LN_lag_12 15,278 0.00% 1.34 0.00%)
OLS Model
Count Y/Y Growth

2007} 20,630

2008 20,969 1.6%!

2009 21,287 1.5%!

2010] 21,491 1.0%!

2011 21,603 0.5%!

2012] 21,614 0.1%!

2013 21,915 1.4%!

2014 21,921 0.0%

2015] 22,376 2.1%

2016 22,644 1.2%|

2017] 22,928 1.3%

2018 23,205 1.2%

2019 23,469 1.1%

2020 23,749 1.2%

5yr CAGR
2025 25,107 1.1%
OLS Model ARMA Test
Model Statistics Magnitude P-Value Magnitude P-Value

Adjusted RA2 99.8% 99.8%
AIC 9.34 9.23
SIC 9.41 9.32
MAPE 0.4% 0.4%
Model F Test 30443.7 0.0% 22911.0 0.0%
Estimates Residual S.D. 106 100
SSres 3,064,263 2,695,405
| Degrees of Freedom
Breusch-Pegan F 38.9%
Breusch-Pegan ChiSq 38.6%
White's F 18.5%
Breusch-Godfrey AIC F 0.0%
Breusch-Godfrey AIC ChiSq 0.0%
Breusch-Godfrey SIC F 0.0%
Breusch-Godfrey SIC ChiSq
Durban-Watson
Durban-H
FITA2 Ramsey's RESET F
FITA3 Ramsey's RESET F
FITA4 Ramsey's RESET F
Out-of-Sample RMSE
Out-of-Sample MAE
Out-of-Sample MAPE 0.42%
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Commercial Customer Count
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The AFR 2014 forecast of commercial customer count growth moderated due to persistently low growth in the
recent historical timeframe. Key economic drivers of customer growth include Employment in the Education &
Health sector (13 county) and Population (13 county). This differs from last year's model which utilized Area
Households (13 county) as the sole economic driver of customer count growth. Nearly all of the top models for
Commercial customer count contained Employment in the Education and Health sector, which affirms this
model’s selection.

Minnesota Power’s econometric interpretation of the key drivers is as follows: For each 1% increase in Education
& Health sector employment, the customer count should increase by about 32 (about 0.15%). As area Population
increases by 1%, the customer count should increase by about 152 (about 0.69%). These impacts are in addition
to a general upward trend over time.

A binary variable starting in June 2013 effectively shifts the first forecast year (2014) to align with the last
historical year (2013). Without this corrective binary variable, a small but growing divergence between actual and
predicted customer growth (beginning in June, 2013) suggests the economic indicators alone would overstate
customer count, and the 2014 forecast value confirms this. Without these binary variables, the model would
project an increase of 300 customers from 2013 to 2014 (a 1.4% increase). The corrective binary variables shift
the forecast down to avoid improbable increases in customer counts, but do not impact the forecast trajectory;
this is determined by the economic variables.

This year's model reduced out-sample forecast error (MAPE) to 0.43% from 1% last year's model and improved
other key metrics such as SIC and R-Squared, and halved in-sample forecast error (traditional MAPE). The OLS
model passed all tests for Heteroskedasticity. ARMA testing of the OLS model for autocorrelation confirmed the
significance (P-values) of the economic variables’ coefficients and solve Ramsey’s RESET F tests suggest
exponential transformations were unlikely to improve the model’s statistical measures. The very low VIF of each
variable proves there is no significant multicollinearity.
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Industrial Customer Count - Moderate Growth

Estimation Start/End:

1/1991 - 3/2014

Unit Modeled/Forecast:

Monthly Customer Count

Total Industrial Customer Count

A

600

OLS Model ARMA test
Variable Coefficient P-Value VIF P-Value
CONST (3.05) 0.00% 0.11%|
Trend (0.001) 0.00% 1.59 0.00%
Binary_05_2012-2030 0.020 0.08% 1.37 75.66%]
MSA_Population_t_lag 12 0.032 0.00% 1.08 0.00%
MSA_RetailTrd_t_lead_12 0.035 0.00% 1.22 0.00%|
OLS Model
Count Y/Y Growth

2007 435

2008 431 -0.9%

2009 429 -0.5%

2010] 424 -1.2%

2011 421 -0.7%

2012] 411 -2.4%

2013 403 -1.9%

2014 387 -3.9%

2015 380 -2.0%9

2016 378 -0.3%

2017] 382 1.0%

2018 384 0.5%

2019 385 0.1%

2020, 385 0.1%

5yr CAGR -
2025 381 0.2%
OLS Model ARMA Test
Model Statistics Magnitude P-Value Magnitude P-Value

Adjusted RA2 95.8% 99.2%
AIC -7.55 -9.23
SIC -7.48 -9.07
MAPE 0.3% 0.1%!
Model F Test 1598.2 0.0% 33109 0.0%
Estimates Residual S.D. 0 0
SSres 0 0
Degrees of Freedom

Breusch-Pegan F
Breusch-Pegan ChiSq
White's F

Breusch-Godfrey AIC F
Breusch-Godfrey AIC ChiSq
Breusch-Godfrey SIC F
Breusch-Godfrey SIC ChiSq
Durban-Watson

Durban-H

FITA2 Ramsey's RESET F
FITA3 Ramsey's RESET F
FITA4 Ramsey's RESET F

Out-of-Sample RMSE
Out-of-Sample MAE

QOut-of-Sample MAPE

0.7
28
36

59.3%
58.9%
2.9%
0.0%
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Model Discussion

The AFR 2014 forecast of Industrial customer count growth is similar to last year’s. Key economic drivers of
customer growth include Population (Duluth MSA) and Employment in Retail Trade (Duluth MSA). This differs
from lastyear's model which utilized Employment in Manufacturing (13 county) as the sole economic driver of
customer count growth.

The selection of Employment in Retail Trade as an indicator of Industrial customer count may seem incongruent,
but this variable was selected repeatedly for inclusion by Minnesota Power’s model generation tool and many of
the top ranked models included this as anindicator. This variable most likely serves as a proxy for general
economic conditions and supplements the Population variable, which predicts the underlying growth of the
series.

Minnesota Power’s econometric interpretation of the key drivers is as follows: As the Duluth MSA’s Population
increases by 1,000, Industrial customer count should increase by 3.3% (about 13 customers). As Duluth MSA’s
employment in Retail Trade increases by 1,000 the customer count should increase by 3.5% (about 14
customers). These impacts are in addition to a general downward trend over time.

A binary variable starting in May of 2012 effectively shifts the first forecast year (2014) to align more closely with
the last historical year (2013). This corrective shift reduced the 2013-to-2014 decrease in customer count is
limited to 16 (4%) instead of 18 (4.5%). The difference in the first forecast year is not substantial but by 2020, the
decrease is limited to 20 (5%) instead of 28 (7%). The corrective binary variable shifts the forecast up slightly to
avoid improbable decreases in customer counts, but does not impact the forecast trajectory; this is determined
by the economic variables.

This year's model utilizes a logged form of the dependent variable so comparison of statistical quality should be
done using forecast errors instead of SIC or R-squared. The AFR 2014 model reduced out-sample forecast error
(MAPE) to 0.38% from 1.6% in last year's model, and reduced in-sample forecast error (traditional MAPE) to 0.3%
from 0.8% inlast year's model.

ARMA testing of the OLS model resolved heteroscedasticity and lower-order autocorrelation to confirm the

significance (P-values) of the economic variables’ coefficients. Low VIF for each variable proves there is no
significant multicollinearity.
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Public Authorities Customer Count - Moderate Growth

Estimation Start/End: 1/1991 - 3/2014
Unit Modeled/Forecast: Monthly Customer Count
OLS Model ARMA test
Variable Coefficient P-Value VIF P-Value
CONST 5.00 0.00% 0.00%|
Trend 0.001 0.00% 2.09 0.00%|
Binary_Aug 2009-2030 0.103 0.00% 2.05 0.00%|
MSA_Edu_Health_lag 12 0.011 0.00% 1.03 0.00%|
MSA_Empl-to-Pop_LN_diff_lead_12 1.81 0.01% 1.09 9.38%)
OLS Model
Count Y/Y Growth

2007 241

2008 246 1.9%

2009 262 6.7%

2010 278 5.8%

2011 281 1.2%

2012 275 -2.3%!

2013 287 4.6%!

2014 281 -2.1%

2015 290 3.2%

2016 293 1.0%|

2017, 297 1.3%|

2018 300 0.9%

2019 302 0.8%

2020 304 0.6%

5yr CAGR
2025 311 0.4%
OLS Model ARMA Test
Model Statistics Magnitude P-Value Magnitude P-Value

Adjusted RA2 98.1%! 99.1%
AIC -8.22 -8.90
SIC -8.15 -8.76
MAPE 0.2% 0.2%
Model F Test 3555.3 [T 20101 [T
Estimates Residual S.D. 0 0
SSres
Degrees of Freedom
Breusch-Pegan F
Breusch-Pegan ChiSq
White's F
Breusch-Godfrey AIC F
Breusch-Godfrey AIC ChiSq
Breusch-Godfrey SIC F
Breusch-Godfrey SIC ChiSq
Durban-Watson
Durban-H
FITA2 Ramsey's RESET F
FITA3 Ramsey's RESET F
FITA4 Ramsey's RESET F
Out-of-Sample RMSE
Out-of-Sample MAE
Out-of-Sample MAPE
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Public Authorities Customer Count
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Model Discussion

The AFR 2014 forecast of Public Authorities customer count growth is similar to last year’s. Key economic drivers
of customer growth include Employment in the Education & Health sector (Duluth MSA) and the Employment-to-
Population ratio (Duluth MSA). The employment-to-population ratio metric is similar to an employment rate, but
makes no adjustments for labor force participation. These drivers differ from last year's model which utilized
Area Households (13 county) as the sole economic driver of customer count growth.

Minnesota Power’s econometric interpretation of the key drivers is as follows: For every 1,000 jobs added in the
Education & Health sector at the Duluth MSA level, the customer count should increase by about 1.2% (about 3
customers). A 1% increase in the Duluth MSA’s month-to-month percent change inthe Employment-to-
Population ratio should increase customer count by about 1.8% (about 5 customers). These impacts are in
addition to a general upward trend over time.

A binary variable starting in August of 2009 effectively shifts the first forecast year (2014) to align with the last
historical year (2013). Without this corrective binary variable the economic indicators alone would understate
customer count, The corrective binary variables shift the forecast up slightly to avoid improbable decreases in
customer counts, but do not impact the forecast trajectory; this is determined by the economic variables.

This year's model reduced out-sample forecast error to 0.3% from 2.3% in last year’s model, reduced in-sample
forecast error to 0.2% from 2% in last year's model, and improved other key metrics such as SIC and R-Squared.

ARMA testing of the OLS model was able to resolve heteroscedasticity. However the model was only able to
resolve first, second, and third-order autocorrelation. It’s possible that the P-values of the coefficients are over-
estimated due to some higher-level autocorrelation. Other top model shared this characteristic. Low VIF for each
variable proves there is no significant multicollinearity.
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Street Lighting Customer Count - Moderate Growth

Estimation Start/End:

2/1991 - 3/2014

Unit Modeled/Forecast:

Monthly Customer Count

Lighting Customer Count
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200 4.7% per-year 13-20 8.0% 49.9%
20-'28 4.0% 0.1%
'13-28 5.8% 20.8%
1990 1995 2000 2005 2010 2015 2020 2025

OLS Model ARMA test
Variable Coefficient P-Value VIF P-Value
CONST (212.28) 0.00% 5.26%)
Trend 151 0.00% 2.06 0.00%)
Binary Jul 2009 2030 (989.05) 0.00% 278.94 0.00%
Trend_Jul_2009_2030 3.44 0.00% 279.60 0.00%
MP_13_Edu_Health_lag 12 0.012 0.00% 1.42 0.00%
MSA_Population_diff_lag_12 81.04 0.00% 1.17 0.01%
OLS Model
Count Y/Y Growth
2007 548
2008 585 6.8%
2009 422 -27.8%
2010} 438 3.8%
2011 503 14.8%
2012] 539 7.2%
2013 592 9.8%
2014 664 12.2%
2015] 726 9.4%
2016 789 8.6%
2017] 854 8.3%
2018 910 6.5%
2019 964 6.0%
2020 1,015 5.2%
5yr CAGR
2025 1,250 4.3%
OLS Model ARMA Test
Model Statistics Magnitude P-Value Magnitude P-Value
Adjusted R"2 99.1% 99.8%
AlC 4.65 337
SIC 4.72 3.56
MAPE 1.9% 0.9%
Model F Test 6037.9 0.0% 8589.4 0.0%
Estimates Residual S.D.
SSres
Degrees of Freedom

Breusch-Pegan F
Breusch-Pegan ChiSq
White's F

Breusch-Godfrey AIC F
Breusch-Godfrey AIC ChiSq
Breusch-Godfrey SIC F
Breusch-Godfrey SIC ChiSq
Durban-Watson

Durban-H

FITA2 Ramsey's RESET F
FITA3 Ramsey's RESET F
FITA4 Ramsey's RESET F

Out-of-Sample RMSE
Out-of-Sample MAE
Out-of-Sample MAPE
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Model Discussion

The AFR 2014 forecast of Street Lighting customer count growth is notably different than last year’s forecast. As
noted in the section on Data Revisions Since Previous AFR, Minnesota Power used the an older billing practices to
revise lighting customer counts inthe 2009-2013 timeframe. This creates a constantly-defined series that can be
accurately forecasted.

The key drivers of this year's model differ from last year's model which utilized no economic variables. Last year's
model was driven by lagged-dependent variables and a binary to indicate a step change. More than half of all top
models for Street Lighting customer count contained Employment in the Education and Health sector, which
affirms this model’s selection.

Key economic drivers of customer growth include Employment in the Education & Health sector (13 county) and
Population (Duluth MSA). The Population variable is differenced to show month-to-month change in population
rather than the level. As noted in the section on “Data Revisions Since Previous AFR,” starting in 2009, a change
in billing practices caused the street lighting customer count to increase from around 600 to nearly 6,000 in
2010. For AFR 2014, the historical count in the 2009-2013 timeframe was adjusted for consistency with pre-2009
account practices.

Minnesota Power’s econometric interpretation of the key drivers is as follows: For every 1,000 jobs added in the
Education & Health sector in the 13 county planning area, the customer count should increase by about 12. As
the month-to-month change in Duluth MSA population increases by 1,000, street lighting customer count should
increases by about 81. These impacts are in addition to a general upward trend over time.

A binary variable starting in July of 2009 accounts for a step change in the historical. Although, Minnesota Power
did its best to replicate the previous billing practices and construct a consistent histrionical customer count series
to model, there is an obvious break in the series. This binary variable accounts for this break.

This year’s model reduced out-sample forecast error (MAPE) to 2.46% (from 62% in last year's model), halved the

SIC, and reduced in-sample MAPE forecast error to 1.9% from 2.2% in last year's model. ARMA testing of the OLS
model was able to resolve heteroscedasticity and autocorrelation to confirm the P-values of each variables
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Residential Energy Use - Moderate Growth

MINNESOTA POWER

2014 ADVANCE FORECAST REPORT

Estimation Start/End:

8/1990 - 3/2014

Unit Modeled/Forecast:

Monthly Per-Customer, Per-Day Use (KWh)

Residential Energy Sales

1,400
OLS Model ARMA test <- History Forecast ->
Variable Coefficient P-Value VIF P-Value
CONST 18.394 0.00% 0.00%) 1’300
Binary Aug 1.689 0.13% 2.51 0.11%)
Trend_Jan 0.028 0.00% 3.72 0.00%
Trend_Mar 0.010 0.84% 3.92 0.99%
Trend_Jul 0.009 5.00% 5.00 8.56%) 1’200
Trend_Nov 0.012 0.06% 321 0.22%| | = 2008-2013 Avg.
Trend_Dec 0.030 0.00% 4.05 0.00%| | = 0.1% per-year
HDD_ElecHeat_Jan 1.356 0.00% 4.03 0.00% | © 1,100 7
HDD_Feb 0.202 0.00% 1.51 0.00% I—/\/\/
HDD_ElecHeat_Mar 1.124 0.00% 430 0.00%
HDD_Apr 0.151 0.00% 1.49 0.00% 1,000
HDD_ElecHeat_May 0.730 0.55% 1.53 0.52%)
CDD_Jul 0.493 1.12% 4.87 0.62% 1990-2008 Avg. Growth Rate Comparison (CAGR)
CDD_CAC_Aug 1.454 1.70% 2.01 5.96%) 1.6% per-year AFR 2014 [ AFR 2013
HDD_ElecHeat Sep 0.870 137% 1.49 1.02% 900 1320 0.9% 8% |1
HDD_Oct 0.077 0.01% 1.50 0.01% '20-'28 0.7% 1.1%
HDD_Nov 0.105 0.00% 3.63 0.00% '13-28 0.8% 1.4%
HDD_Dec 0.133 0.00% 4.60 0.00%) 800 } } } } } } }
13co_WageDisb_diff lag 5 0.005 0.08% 1.10 0.37%)
13co_Gov_LN_diff lag 6 22431 1.53% 1.09 9.98% 1990 1995 2000 2005 2010 2015 2020 2025
OLS Model Model Discussion
MWh Y/Y Growth
2007| 1,051,453 The AFR 2014 forecast of residential use-per customer is similar to last year’s. The graph shown above combines
2008| 1,079,837 2.7% the output of the use-per-customer per day model with the outputs of the customer count model to show total
2009] 1,075,116 0.4% energy sales to Residential customers. The decrease in the total energy use forecast for the residential class is
2010] 1,057,476 1.6% primarily due to the change in the customer count projection and not a substantive change in projected use-
2011] 1,069,856 1.2%
2012| 1,043,281 25% per-customer.
2013| 1,086,481 4.1%
2014] 1,126,533 3.7 This year's model found Wage Distribution in the 13 county area and Employment in the Public sector for the 13
2015| 1,101,872 -2.2%) county area to be significantindicators of per-customer use. This differs from last year’'s model which used only
2016| 1,117,148 1.4% weather, appliance saturation, and seasonal trend variables to predict residential customer use.
2017] 1,124,315 0.6%
2018} 1,135,933 1.0% Minnesota Power’s econometric interpretation of the key drivers is as follows: As the month-to-month change
2019] 1,144,295 0.7%| . il s o
2020] 1.156.260 0% in wage distribution increases by $1 Million (about 0.1% of the current level), monthly use-per-customer should
5yr CAGR increase by about 0.156 KWh (0.005 KWh x 31 days). A 1% increase in Public Sector employment will increase
2025| 1,194,569 0.7% monthly use-per-customer by about 7 KWh (0.223 x 31 days).
When modeling residential use-per-customer, monthly/seasonal binaries and trend variables occasionally
appropriated the role of weather variables due to high collinearity and the model identifying the binary as the
more indicative variable. In this case, the binary variable is dropped in favor of maintaining weather a predictor
OLS Model ARMA Test . P
— - - because it allows for accurate after-the-fact weather normalization later by the company.
Model Statistics Magnitude P-Value Magnitude P-Value
Adjusted RA2 89.0% 89.4%
AIC 093 0.90 Seasonal trend variables (denoted by “Trend_month”) are used to identify months where usage has shown
siC 1.18 117 significant trending over time. These trends suggest that monthly usage patterns are evolving independent of
MAPE 5.1% 5.0% weather, appliance saturation, and economic conditions. Summer and winter month trending is positive and
Model F Test 1219 0.0% 120.0 0.0% significant. Shoulder month trends were found to be either insignificant or interacted with weather to produce
Estimates Residual S.D. 2 2 colliniartiy issues, and therefore excluded. These findings are consistent with last year’s results.
SSres 623 602
sreegl:::;ife;e:iom 2;2 Yo 2;: : This year's model is highly comparable to lastyear’s in terms of statistical quality. SIC, R-Squared, in-sample
Breusch-Pegan Chisg 447 0.19 438 0 forecast error (traditional MAPE), and out-sample (RMSE) are all fairly close. The OLS model passes several of
White's F 9.8 0.0 102 0.0 the tests for Autocorrelation, but heteroscedasticity is present and ARMA testing of the OLS model was unable
Breusch-Godfrey AIC F 37 0.0% 3.0 0 to resolve this. However, given that no alternative models with quality statistics and plausible growth rates
Breusch-Godfrey AIC ChiSq 433 0.0% 339 0.0% could solve for heteroscedasticity, Minnesota Power considers this model the optimal choice despite the
Breusch-Godfrey SICF 0.1 L5 g potential for bias inthe P-values.
Breusch-Godfrey SIC ChiSq 0.2 2.1 6
Durban-Watson 2.0 2.1 N/A ) . o . . . ,
Durban-H Nl N/A anal N/A Low VIF of each variable proves there is no significant multicollinearity and the Ramsey’s RESET F tests suggest
FITA2 Ramsey's RESET F 11 399 79| anumt that the model is properly specified and transformations of variables would not yield additional predictive
FITA3 Ramsey's RESET F 3.8 6 K] 145% power.
FITA4 Ramsey's RESET F 26 5.6% ] 12.4%
Out-of-Sample RMSE 2 2
Out-of-Sample MAE 1 1
Out-of-Sample MAPE 5.61% 5.61%

7/15/2014

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report
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Commercial Energy Use - Moderate Growth

Estimation Start/End:

1/1991 - 3/2014

Unit Modeled/Forecast:

Monthly Per-Customer, Per-Day Use (KWh)

Commercial Energy Sales

1,700
<- History Forecast ->
1,500
2008-2013 Avg.
0.3% per-year
1
§ ,300 —

A
w /v
1,100

Growth Rate Comparison (CAGR)

900 AFR 2014 | AFR 2013 | |
1990-2008 Avg. '13-'20 1.3% 2.1%
2.6% '20-28 1.1% 1.3%
-0% per-year '13-'28 1.2% 1.7%
700 t t t t t t t
1990 1995 2000 2005 2010 2015 2020 2025

OLS Model ARMA test
Variable Coefficient P-Value VIF P-Value
CONST (145.26) 2.59% 0.00%
Trend 0.03 0.02% 1.05 0.00%)
Binary_Nov (46.14) 0.21% 4953 0.27%)
HDD_Jan 0.30 0.00% 1.16 3.17%
HDD_Feb 0.50 0.00%! 1.16 0.00%
HDD_Mar 0.43 0.00% 1.16 0.92%)
CDD_Jun 5.49 0.06% 1.12 1.27%]|
CDD_Jul 3.58 0.00% 1.13 0.00%
CDD_Aug 7.97 0.00%! 1.13 0.00%
HDD_Sep 1.62 0.00% 1.14 0.32%)
HDD_Nov 1.45 0.06% 49.37 0.02%)
HDD_Dec 0.54 0.00%! 1.16 0.00%
13co_Finance_t lag 12 0.0035 0.24%] 1.50 0.00%
13co_MFG_LN_t lag 5 25.74 0.03% 1.49 0.00%|
OLS Model
MWh Y/Y Growth
2007| 1,244,930
2008| 1,240,324 -0.4%
2009] 1,212,778 -2.2%
2010] 1,221,754 0.7%
2011] 1,226,174 0.4%
2012| 1,237,386 0.9%
2013] 1,256,540 1.5%
2014| 1,284,024 2.2%
2015| 1,287,245 0.3%
2016] 1,310,008 1.8%
2017| 1,326,212 1.2%
2018| 1,343,242 1.3%
2019| 1,357,620 1.1%
2020] 1,375,938 1.3%
5yr CAGR
2025| 1,453,153 1.1%
OLS Model ARMA Test
Model Statistics Magnitude P-Value Magnitude P-Value
Adjusted R"2 55.5% 70.5%
AlC 4.59 421
sSic 4.77 4.52
MAPE 4.8% 3.8%
Model F Test 27.7 0.0% 29.5 0.0%
Estimates Residual S.D. 10 8
SSres 24,806 15,499
Degrees of Freedom 265 251
Breusch-Pegan F 23 0.8 1.5 0.4
Breusch-Pegan ChiSq 279 0.9 22.0 0.8
White's F 03 0.2
Breusch-Godfrey AIC F 9.1 0.0 0.1
Breusch-Godfrey AIC ChiSq 84.0 0.0 4.8
Breusch-Godfrey SIC F 329 0.0 0.1
Breusch-Godfrey SIC ChiSq 56.2 0.0 48
Durban-Watson 2.7 20 N/A
Durban-H #NA N/A #NA N/A
FITA2 Ramsey's RESET F 0.7 41.39 5.1 %
FITA3 Ramsey's RESET F 22 6 2.6 7.5%
FITA4 Ramsey's RESET F 24 6.6% 2.2 9.2%
Out-of-Sample RMSE 10.0 10.2
Out-of-Sample MAE 79 79
Out-of-Sample MAPE 5.06% 5.10%

7/15/2014
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Model Discussion

The AFR 2014 forecast of commercial use-per customer is a bit lower than last year’s outlook. The graph shown
above combines the output of the use-per-customer per day model with the outputs of the customer count
model. The decrease in the total energy use forecast for the commercial class is due to a change in the customer
count forecast and in the use-per-customer outlook. Employment in the Finance sector in the 13 county area
and Employment in the Manufacturing sector for the 13 county area were found to be significant indicators of
per-customer use.

Minnesota Power’s econometric interpretation of the key drivers is as follows: For every 100 jobs added in the
13 county area Financial sector, monthly commercial use-per-customer should increase by about 11 KWh
(0.0035 x 31 x 100). A 1% increase in the 13 county manufacturing sector employment should increase monthly
commercial use-per-customer by about 8 KWh (0.26 x 31).

Weather’s impact in shoulder months such as April or October was found to be insignificant and variables for
these months were excluded from the model due to low P-value. This implies that, for the commercial class,
there is a baseline of usage in these months that’s largely unaffected by variations in weather. It's likely that
weather does influence use in these months, but at an aggregated monthly level these impacts are indiscernible.
Last year's model was very similarin its weather variable selection. These findings are consistent with last year's
where shoulder month weather was also found to be insignificant

This year, commercial use-per-customer was modeled as KWh per customer whereas last year was modeled on a
MWh per customer basis. This change has no material impact on the forecast. The change was made for
consistency with residential energy sales which is also modeled as KWh per customer per day.

The AFR 2014 model is highly comparable to lastyear’s in terms of statistical quality. R-Squared, in-sample
forecast error (traditional MAPE), and out-sample (RMSE) are all fairly close (after accounting for the difference
in the dependent variable). ARMA testing of the OLS model resolves heteroscedasticity and autocorrelation to
confirm the significance of the coefficients.

Low VIF of each variable proves there is no significant multicollinearity and the Ramsey’s RESET F tests suggest
that the OLS model is properly specified; transformations would not improve the predictive ability of this model.
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Mining and Metals Energy Use - Moderate Growth

Estimation Start/End:

1/1996 - 3/2014

Unit Modeled/Forecast:

Monthly Per-Day Use (MWh)

OLS Model ARMA test
Variable Coefficient P-Value VIF P-Value
CONST (21,079.13) 0.00% 0.00%)
Trend (4.17) 0.00% 1.05 0.00%)
IPI_lron_LN 7,278 0.00% 49.53 0.27%)
OLS Model
MWh Y/Y Growth
2007] 4,408,337
2008] 4,579,234 3.9%
2009] 2,124,675 -53.6%
2010] 4,324,450 103.5%
2011] 4,874,331 12.7%
2012] 4,968,517 1.9%
2013 4,851,094 -2.4%
2014] 4,888,265 0.8%
2015] 5,152,115 5.49
2016] 5,343,277 3.7%
2017 5,259,033 -1.6%
2018] 5,269,835 0.2%
2019 5,298,345 0.5%
2020] 5,346,458 0.9%
5yr CAGR
2025| 5,450,764 0.4%
OLS Model ARMA Test
Model Statistics Magnitude P-Value Magnitude P-Value
Adjusted R"2 80.7% 90.4%
AIC 13.54 12.84
SIC 13.59 12.98
MAPE 6.7% 4.2%]
Model F Test 457.9 0.0% 240.9 0.0%
Estimates Residual S.D. 866 600
SSres 161,884,382 70,573,379
| Degrees of Freedom 216

Breusch-Pegan F
Breusch-Pegan ChiSq
White's F

35.0
53.7
29.7

Breusch-Godfrey AIC F
Breusch-Godfrey AIC ChiSq
Breusch-Godfrey SIC F
Breusch-Godfrey SIC ChiSq
Durban-Watson

Durban-H

585
77.3
585
773

0.8

FITA2 Ramsey's RESET F
FITA3 Ramsey's RESET F
FITA4 Ramsey's RESET F

Out-of-Sample RMSE
Out-of-Sample MAE
Out-of-Sample MAPE

976

727
7.51%
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Mining Energy Sales

6,000
<- History Forecast ->
2500 2008-2013 Avg. ——
5000 1.2% per-year /
A —
=*°00 11996-2008 Avg. e {
5 4,000 1.6% per-year
3,500 II
3,000 Growth Rate Comparison (CAGR) —
\I AFR 2014 | AFR 2013
'13-'20 1.4% 1.4%
2,500 '20-'28 0.5% 0.4% ||
'13-'28 0.9% 0.8%
2,000 B e e e e e IS B e e e e e e e e e e e e L B e
1990 1995 2000 2005 2010 2015 2020 2025

Model Discussion

The outlook for Mining and Metals energy sales is a bit higher than lastyear’s in the short-term and slightly lower
in the long-term. The graph and table show the total sales forecast for this class, which combines the output of
the econometric forecast with load additions. The underlying econometric forecasts are highly similar; the AFR
2014 forecast is just 0.4% higher (on average over the forecast timeframe) than AFR 2013’s forecast. The change
in assumptions for large customer load additions is the primary reason for the difference between this and last
year’s energy sales forecast.

The dependent variable being modeled differs from lastyear. AFR 2013’s model utilized raw historical sales to
Mining and Metals customers whereas the AFR 2014 is modeled on an adjusted Mining and Metals sales history
which backs out recent customer load additions. This methodology is explained in the “Methodological
Adjustments for the 2014 Forecast” section and specific adjustments made to the historical series are detailed in
the “Data Revisions Since Previous AFR” section.

The AFR 2014 model differs from lastyear’s in its limited use of explanatory variables. This year's model uses
only the Industrial Production Index (IPI) for Iron and a trend variable, whereas last year's model incorporated
some monthly binaries and a lagged dependent variable. Monthly binaries were found to be insignificantin this
year's model; likely due to the exclusion of the lagged dependent variable and the use of an already seasonally-
adjusted IPI series. The IPI Iron variable in the AFR 2014 model is in logged form so its econometric interpretation
is as follows: for each 1% increase in the IPI for Iron, Minnesota Power’s Mining and Metals customers should
increase monthly use by about 2,256 (73 x 31).

The AFR 2014 model is highly comparable to last year’s in terms of statistical quality. R-Squared, in-sample
forecast error (traditional MAPE), and out-sample (RMSE) are all fairly close. ARMA testing of the OLS model
resolves autocorrelation but could not conclusively eliminate heteroscedasticity. As a result, there is the
potential that the P-values of the coefficients are bias. However, autocorrelation or heteroscedasticity cannot
bias the coefficients, so the only question is whether the IPI for Iron is a significant predator of Mining and
Metals customer energy use. All of this year’s top mining and metals models utilized IPI for Iron and it has been
in use by Minnesota Power to forecast customer use since 2009, so it’s clear this variable is significant.

ARMA testing also suggested that the true P-value of the trend variable is 96%, which would be considered
insignificant. However, the only reason this occurs in the ARMA model is because AR and MA terms have
adopted the role of trend variable. Therefore, this variable is not dropped from the model due to a high ARMA
tested P-value.
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Paper and Wood Products Energy Use - Moderate Growth

Estimation Start/End:

1/1996 - 3/2014

Unit Modeled/Forecast:

Natural Log of Monthly Per-Day Use (MWh)

Paper Energy Sales
1,800 "
/\ <- History Forecast ->
1,700 /
1,600 \v/\\//\
- 1996-2008 Avg. \ /v \
1,500 —
3 1.6%per-year 20082013 Avg. \/
1,400 0.1% per-year \
1,300 | Growth Rate Comparison (CAGR)
AFR 2014 | AFR 2013 \\
1320 | 2.9% 0.6%
1,200 4 S0 -0.6% -0.2% —
1328 | 1.7% -0.4%
1,100 T T T T T T T
1990 1995 2000 2005 2010 2015 2020 2025

OLS Model ARMA test
Variable Coefficient P-Value VIF P-Value
CONST 5.75 0.00%) 0.00%
Binary_Mar 0.05 0.08% 1.15 0.11%]
Binary_Apr 0.04 0.77%)| 1.14 0.64%|
Binary_Jun 0.07 0.00%!| 1.14 0.00%]
Binary_Jul 0.04 0.30%| 1.15 0.19%|
Binary_Aug 0.09 0.00% 1.15 0.00%
Binary Sep 0.09 0.00% 1.14 0.00%
Binary_Oct 0.09 0.00%) 1.14 0.00%
Binary_Nov 0.04 1.33% 1.14 0.01%]
IP1_Paper_LN 0.55 0.00%) 1.29 0.00%]
13co_ProductPerCap_ LN _diff lead 12 12.35 0.00%!| 1.27 0.05%|
MSA_PerCapita_TPI_LN_diff lead_3 3.95 0.04%| 1.05 8.70%]
OLS Model
MWh Y/Y Growth
2007] 1,612,560
2008] 1,566,402 -2.9%
2009] 1,453,928 -7.2%
2010 1,572,565 8.2%
2011] 1,559,519 -0.8%
2012] 1,570,852 0.7%
2013] 1,505,113 4.2%
2014] 1,492,657 -0.8%
2015 1,450,643 -2.8%
2016) 1,287,813 -11.2%
2017) 1,243,115 -3.5%
2018] 1,237,921 -0.4%
2019] 1,229,691 -0.7%
2020] 1,224,624 -0.4%
5yr CAGR -
2025| 1,187,916 0.6%
OLS Model ARMA Test
Model Statistics Magnitude P-Value Magnitude P-Value
Adjusted R"2 43.2%)| 58.1%
AIC -5.79 -6.09
sIC -5.61 -5.89
MAPE 0.5%] 0.4%
Model F Test 16.1 0.0% 26.1 0.0%
Estimates Residual S.D. 0 0
SSres
Degrees of Freedom
Breusch-Pegan F 33.2%
Breusch-Pegan ChiSq 32.7%

White's F

Breusch-Godfrey AIC F
Breusch-Godfrey AIC ChiSq
Breusch-Godfrey SIC F
Breusch-Godfrey SIC ChiSq
Durban-Watson

Durban-H

FITA2 Ramsey's RESET F
FITA3 Ramsey's RESET F
FITA4 Ramsey's RESET F

Out-of-Sample RMSE
Out-of-Sample MAE
Out-of-Sample MAPE

54.5%
46.5%
9.9%
46.5%
9.9%

N/A
N/A
15.7%
32.6%
52.4%
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Model Discussion

The AFR 2014 outlook for Paper and Wood Products energy sales is lower than last year’s. The graph and table
show the total sales forecast for this class, which combines the output of the econometric forecast with load
additions. The underlying econometric forecast reflects a weakening of the domestic paper industry as a whole;
by 2025, the AFR 2014’s econometric forecastis about 3% lower than last year’s. Load addition/ loss assumptions
have also been updated to reflect expected changes in customer operation plans. These updates reduce
expected sales in the forecast timeframe.

The dependent variable being modeled differs from last year. AFR 2013’s model utilized raw historical sales to
Paper and Wood customers whereas the AFR 2014 is modeled on an adjusted history which backs out the
historical energy sales of customers that were recently lost. This methodology is explained in the
“Methodological Adjustments for the 2014 Forecast” section and specific adjustments made to the historical
series are detailed in the “Data Revisions Since Previous AFR” section.

The AFR 2014 model for Paper and Wood differs from last year’s in its inclusion of regional economic variables. In
past forecast models for this sector, Minnesota Power utilized the Industrial Production Index for Paper as the
sole economic driver of energy sales to this customer class. The comprehensive specification search process and
internally developed software enabled Minnesota Power to identify regional economic indicators that added
predictive value to the forecast model.

The AFR 2014 model uses the Industrial Production Index (IPI) for Paper, Product-per-Capita (Gross Regional
Product divided by Population) for the 13 county area, and Per-capita Total Personal Income for the 13 county
area. Minnesota Power’s econometric interpretation of the key drivers is as follows: A 1% increase in the Paper
IPI should increase monthly Paper and Wood customer use by about 0.5% (about 600 MWh). A 1% increase in
the rate of change in Regional Product-per-Capita and Total Personal Income per-Capita would cause a 13% and
4% (respectively) increase in monthly Paper customer usage.

This year's model utilizes a logged form of the dependent variable so comparison of statistical quality should be
done using forecast errors instead of SIC or R-squared. Review of the in-sample and out-sample MAPE show this
model is a vastimprovement over last year interms of forecast accuracy: in-sample MAPE decreased to 0.5%
from 3.7% in last year's model, and the out-sample MAPE decreased to 0.57% from 4.3% in last year’s model.
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Pipelines and Other Industrial Energy Use - Moderate Growth

Estimation Start/End:

1/1996 - 3/2014

Unit Modeled/Forecast:

Natural Log of Monthly Per-Day Use (MWh)

Pipelines & Other Industrial Energy Sales

OLS Model ARMA test
Variable Coefficient P-Value VIF P-Value
CONST 5.01 0.00%) 0.00%
Trend 0.0012 0.00% 2.84 6.67%]|
13co_Trd_Trns_Util lag 5 0.000045 0.00%! 2.84 1.15%)
OLS Model
MWh Y/Y Growth
2007 601,155
2008 591,697 -1.6%
2009 472,749 -20.1%.
2010 467,065 -1.2%
2011 479,798 2.7%
2012 498,474 3.9%
2013 517,786 3.9%
2014 548,827 6.0%
2015 574,883 4.79
2016 611,277 6.3%
2017] 623,627 2.0%
2018 669,531 7.4%
2019 677,462 1.2%
2020 682,225 0.7%
5yr CAGR
2025 688,571 0.2%
OLS Model ARMA Test
Model Statistics Magnitude P-Value Magnitude P-Value
Adjusted RA2 31.1% 53.0%
AIC -4.92 -5.27
SIC -4.88 -5.16
MAPE 0.9% 0.7%
Model F Test 50.2 0.0% 39.2 0.0%
Estimates Residual S.D. 0 0
SSres
| Degrees of Freedom

Breusch-Pegan F
Breusch-Pegan ChiSq
White's F

Breusch-Godfrey AIC F
Breusch-Godfrey AIC ChiSq
Breusch-Godfrey SIC F
Breusch-Godfrey SIC ChiSq
Durban-Watson

Durban-H

FITA2 Ramsey's RESET F
FITA3 Ramsey's RESET F

FITA4 Ramsey's RESET F

Out-of-Sample RMSE
Out-of-Sample MAE
Out-of-Sample MAPE

63.4%
63.1%
23.5%
92.9%
40.5%
92.9%
40.5%

33.3%
34.9%

36.4%
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Model Discussi

The outlook for Pipelines and Other Industrial energy sales is very comparable to lastyear’s. The graph and table
show the total sales forecast for this class, which combines the output of the econometric forecast with load
additions. The underlying econometric forecast is fairly similar to last year’s forecast, and differences are due to
utilizing an adjusted historical sales series in modeling this year.

The dependent variable being modeled differs from the variable modeled in lastyear's AFR. AFR 2013’s model
utilized raw historical sales to Pipelines and Other Industrial Customers whereas the AFR 2014 is modeled on an
adjusted history which backs out the historical energy sales of recent customer load additions and any customers
that were lostin the early historical timeframe. This methodology is explained in the “Methodological
Adjustments for the 2014 Forecast” section and specific adjustments made to the historical series are detailed in
the “Data Revisions Since Previous AFR” section.

Load addition/ loss assumptions have been updated to reflect expected changes in customer operation plans.
These updated assumptions lower the forecastin the 2014-2017 timeframe, but increase the forecast after 2017.

The AFR 2014 econometric model for Pipelines and Other Industrial is very similar to last year's model. Both
utilized Employment in Trade, Transportation, and Utilities as the primary economic variable. Last year’s model
also utilized area population, but the 2014 AFR analysis indicated that this variable added little value to the
model and was excluded. The forecast for employment in Trade, Transportation, and Utilities hasn’t changed
substantively since last year, and this explains the similarity in the econometric forecasts between this year and
last.

Minnesota Power’s econometric interpretation of the key drivers is as follows: For every 100 jobs added to the
Trade, Transportation, and Utilities sectorin the 13 county area, the energy sales to this customer class should
increase by about 0.5%.

This year's model utilizes a logged form of the dependent variable so comparison of statistical quality should be
done using forecast errors instead of SIC or R-squared. The in-sample and out-sample MAPE show this model is a
vastimprovement over lastyear interms of forecast accuracy: in-sample MAPE decreased to 0.9% from 7.5% in
last year’s model, and the out-sample MAPE decreased to 1.1% from 14.1% in last year's model.

Tests of the OLS model show it has no significant heteroscedasticity, but suggest autocorrelation could

potentially bias the P-values. ARMA testing was able to conclusively solve for autocorrelation and confirm the
significance of the predictor variables.
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Public Authorities Energy Use - Moderate Growth

Estimation Start/End:

7/1990 - 3/2014

Unit Modeled/Forecast:

Monthly Per-Day Use (MWh)

OLS Model ARMA test
Variable Coefficient P-Value VIF P-Value
CONST (81.20) 4.91% 0.77%|
Trend 0.19 0.00% 1.33 0.00%]
Binary_04_2012-2030 (35.73) 0.00%) 1.53 0.00%]
Binary Jan 41.93 0.55% 16.15 0.90%]
Binary_Mar 47.34 0.18%| 16.14 0.19%|
Binary_May 38.02 1.18% 1557 1.56%
Binary Jun 45.67 0.26%)| 1559 0.33%|
Binary_Jul 58.03 0.01% 16.16 0.01%
Binary_Aug 54.32 0.04%)| 16.16 0.03%]
Binary_Sep 50.85 0.08%!| 16.17 0.08%|
Binary_Oct 45.68 0.25% 16.16 0.40%]
HDD_Feb 0.97 0.14%| 15.95 0.12%]
HDD_Apr 1.58 0.71%| 1537 0.97 %]
HDD_Nov 1.23 0.36%| 15.92 0.47%|
HDD_Dec 112 0.03%| 15.99 0.02%|
MSA_Service lead 5 2.04 0.00% 1.18 0.00%
13co_Con_Rsrcs_Mine_diff lag 5 0.011 0.26%!| 1.06 2.84%|
OLS Model
MWh Y/Y Growth

2007 67,056

2008 64,912 -3.2%

2009 62,036 -4.4%

2010] 61,768 -0.4%

2011 62,458 1.1%

2012] 54,074 -13.4%

2013 51,736 4.3%

2014 54,172 4.7%

2015 54,967 1.5%

2016 56,293 2.4%

2017] 56,630 0.6%

2018 56,906 0.5%

2019 56,903 0.09

2020 57,131 0.4%

5yr CAGR
2025 57,797 0.2%
OLS Model ARMA Test
Model Statistics Magnitude P-Value Magnitude P-Value

Adjusted R"2 45.8%) 50.7%
AIC 5.78 5.70
sIC 6.00 5.97
MAPE 8.6%| 8.3%
Model F Test 16.0 0.0% 15.2 0.0%
Estimates Residual S.D. 17 17
SSres 81,807 71,010
| Degrees of Freedom

Breusch-Pegan F
Breusch-Pegan ChiSq
White's F

Breusch-Godfrey AIC F
Breusch-Godfrey AIC ChiSq
Breusch-Godfrey SIC F
Breusch-Godfrey SIC ChiSq
Durban-Watson

Durban-H

FITA2 Ramsey's RESET F
FITA3 Ramsey's RESET F
FITA4 Ramsey's RESET F

0.7
11.0

82.1%
81.0%
50.3%
81.2%
49.3%

Out-of-Sample RMSE
Out-of-Sample MAE
Out-of-Sample MAPE
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Model Discussion

The outlook for Public Authorities is down compared to last year’s forecast. This is primarily due to the 2012 to
2013 reduction, and the last historical point being notably lower.

Key drivers of this year’s per-day use model are Employment in Other Services sector (Duluth MSA) and
Employment in the Construction, Natural Resources, and Mining sector (13 county). Last year's model used
Wage Distribution in the 13 county area as the sole economic variable. Minnesota Power’s econometric
interpretation of the key drivers is as follows: For every 1,000 job increase in Other Services, monthly public
authority usage should increase by 63 MWh (2.04 x 31). As the month-to-month change in Construction, Natural
Resources, and Mining sector employment increases by 100, monthly usage will increase by 34 MWh (0.011 x
31).

This year's model and lastyear’s model both use a binary variable to indicate the step change that occurred in
2012. This binary variable denotes municipal pumping customers switching to a general service (commercial)
rate. The impact to commercial energy sales ininsignificant because of the class’s size, but this does noticeably
affect sales to Public Authorities and must be accounted for.

Weather variables were found to be significantin only four months of the year: February, April, November, and
December. This was only after excluding a binary variable for the corresponding months. If the binaries were not
excluded, the model would have suggested that weather is insignificantin all months. Minnesota Power’s policy
regarding weather is to drop binary variables in favor of maintaining weather a predictor because itallows for
accurate after-the-fact weather normalization later by the company.

Although this year's model is structurally different and utilizes different weather variables, the statistical quality
is highly comparable to last year's model. SIC, R-Squared, in-sample forecast error (traditional MAPE), and out-
sample (RMSE) are all fairly close.

The Variance Inflation Factors (VIF) of the binaries and weather variables in this model are fairly high. This
phenomenon was noticed in last year’s Public Authories energy sales model as well. Onits own, any of these
variables are not correlated with any other specific variable, but it does appear that a single variable is highly
correlated with all other variables in combination (which is what VIF measures).

Although the high VIF’s would indicate some multicollinearity is present, Minnesota Power considers this the
optimal model for this dependent variable. All other top models also had high VIFs; the only way to avoid the
high VIF’s was to exclude the binaries and weather variables. Excluding these variables degraded predictive
power and statistical quality, and it's clear that each variable is significant, even after solving for autocorrelation
and heteroscedasticity. Therefore, Minnesota Power did not exclude these binaries or weather variables despite
the high VIF's.
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Street Lighting Energy Use - Moderate Growth

Estimation Start/End:

2/1991 - 3/2014

Unit Modeled/Forecast:

Natural Log of Monthly Per-Day Use (MWh)

Lighting Energy Sales

OLS Model ARMA test
Variable Coefficient P-Value VIF P-Value
CONST 3.93 0.00%) 0.00%
Binary_Jan 0.03 6.99% 1.83 4.19%]
Binary_Feb (0.05) 0.45%| 1.87 1.14%)
Binary_Mar (0.21) 0.00%! 1.87 0.00%|
Binary Apr (0.36) 0.00%) 1.84 0.00%|
Binary_May (0.50) 0.00% 1.84 0.00%
Binary Jun (0.62) 0.00% 1.84 0.00%
Binary Jul (0.59) 0.00% 1.84 0.00%
Binary Aug (0.46) 0.00%) 1.83 0.00%
Binary_Sep (0.29) 0.00%!| 1.84 0.00%|
Binary_Oct (0.17) 0.00%) 1.84 0.00%]
Binary_Nov (0.06) 0.21% 1.84 0.10%|
Trend 0.00 0.00%| 1.19 0.00%]
MSA_Pop_diff lag 12 0.16 0.70%) 1.12 9.05%|
MSA_RetailTrd_diff lag 9 0.22 0.35% 1.12 1.32%)
OLS Model
MWh Y/Y Growth

2007 15,752

2008 15,983 1.5%!

2009 16,049 0.4%

2010 15,833 -1.3%

2011 16,420 3.7%

2012 15,955 -2.8%

2013] 16,066 0.7%

2014 16,346 1.7%

2015 16,380 0.2%

2016 16,654 1.7%

2017 16,738 0.5%

2018 16,755 0.1%

2019 16,807 0.3%

2020 16,944 0.89

5yr CAGR
2025 17,167 0.3%
OLS Model ARMA Test
Model Statistics Magnitude P-Value Magnitude P-Value

Adjusted R"2 92.2%)| 93.0%
AIC -5.42 -5.52
SIC -5.22 -5.30
MAPE 1.2% 1.1%
Model F Test 234.2 0.0% 230.8 0.0%
Estimates Residual S.D. 0 0
SSres
Degrees of Freedom

Breusch-Pegan F
Breusch-Pegan ChiSq
White's F

Breusch-Godfrey AIC F
Breusch-Godfrey AIC ChiSq
Breusch-Godfrey SIC F
Breusch-Godfrey SIC ChiSq
Durban-Watson

Durban-H

FITA2 Ramsey's RESET F
FITA3 Ramsey's RESET F
FITA4 Ramsey's RESET F

Out-of-Sample RMSE
Out-of-Sample MAE
Out-of-Sample MAPE

13
17.4

23.4%
23.4%
7.8%
0.0%
0.0%
87.3%

59.4%

1.34%
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Model Di "

The outlook for energy use by Street Lighting customer is fairly comparable to last year’s forecast, but the model
utilizes different economic variables as drivers. Key drivers of this year’s per-day use model are Population
(Duluth MSA) and Employment in the Retail Trade sector (Duluth MSA). Last year's model used Total Personal
Income in the 13 county area as the sole economic variable.

Minnesota Power’s econometric interpretation of the key drivers is as follows: as the month-to-month change in
population increases by 100, street lighting energy sales should increase by 1.6%. As the month-to-month change
in retail sector employment increases by 100, street lighting energy sales should increase by 2.2%. Differenced
variable appeared to be more indicative of lighting use than any other transformation, suggesting thatincreases
in lighting are driven more by the rate of increase in population than the level of the population.

This year's model and last year’s model both use binary variables to indicate the seasonal variation that's left
unexplained by economic indicators. This year's model also utilizes a trend variable to account for historical
trending.

The AFR 2014 model uses a logged form of the dependent variable, so comparing the statistical quality of this
year’s and last year’'s model, which modeled the dependent variable in levels, is difficult. Some metrics such as
SIC and AIC or out-sample RMSE cannot be compared. However, in sample and out-sample MAPE show this
model is a vastimprovement over last year interms of forecastaccuracy: in-sample MAPE decreased to 1.2%
from 4% in last year’s model, and the out-sample MAPE decreased to 1.3% from 4.5% in last year's model.

The OLS model passed all tests for Heteroskedasticity. ARMA testing of the OLS model solved for autocorrelation
to confirm the significance (P-values) of the economic variables’ coefficients. Ramsey’s RESET F tests prove the
current OLS specifications were sufficient; no transformations were likely to improve the model’s statistical
measures. The very low Variance Inflation Factors (VIF) of each variable proves there is no significant
multicollinearity.
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Estimation Start/End:

1/1996 - 3/2014

Unit Modeled/Forecast:

Monthly Per-Day Use (MWh)

Resale Energy Sales
2,750

<- History Forecast ->
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OLS Model ARMA test
Variable Coefficient P-Value VIF P-Value
CONST 3,736.95 0.00% 0.00%)
Trend 1.30 0.06% 13.96 0.33%)
Binary_Mar 386.28 0.00% 3.09 0.00%)
Binary_May (274.31) 0.00% 457 0.00%)
Binary_Jun 204.00 1.21%) 1233 10.83%]
Binary_Nov (472.29) 0.73% 57.81 8.91%)
Binary_1996-06_2006 (1,504.00) 0.00% 62.41 0.00%)
Trend_1996-06_2006 3.93 0.00% 25.42 0.00%)
Mar_1996-06_2006 143.01 0.44% 2.97 17.03%]
Apr_1996-06_2006 365.50 0.00% 2.18 0.00%
May_1996-06_2006 555.09 0.00% 3.59 0.00%)
Jun_1996-06_2006 41143 0.00% 3.22 0.00%)
Jul_1996-06_2006 504.89 0.00% 1.87 0.00%)
Aug_1996-06_2006 416.84 0.00% 2.10 0.00%)
Sep_1996-06_2006 407.68 0.00% 1.90 0.00%)
Oct_1996-06_2006 34394 0.00% 1.90 0.00%)
Nov_1996-06_2006 23211 0.00% 2.86 0.00%)
HDD_Jan 13.74 0.00% 1.93 0.00%)
HDD_Feb 14.07 0.00% 2.00 0.00%)
CDD_CAC_May 1,538.33 0.02% 1.64 0.17%)
HDD_Jun (30.16) 2.74%)| 11.35 7.70%]
CDD_CAC_Jul 191.32 0.00% 1.29 0.00%)
CDD_Aug 81.14 0.00% 1.68 0.00%)
HDD_Nov 21.24 0.00% 58.66 0.35%)
HDD_Dec 14.05 0.00% 1.80 0.00%)
MSA_Unempl_Rate_diff lag 9 (177.69) 0.23% 1.10 1.95%)
MSA_HousStart LN_diff lag_4 327.04 0.00% 1.61 0.77%
OLS Model
MWh Y/Y Growth

2007| 1,679,267

2008| 1,701,057 1.3%!

2009 1,647,759 -3.1%

2010] 1,696,511 3.0%

2011] 1,699,644 0.2%

2012| 1,718,819 1.1%!

2013] 1,700,993 -1.0%

2014] 1,595,159 -6.2%

2015] 1,817,456 13.9%

2016] 2,465,941 35.7%

2017] 2,489,856 1.0%|

2018] 2,495,882 0.29%

2019 2,501,320 0.2%

2020] 2,513,485 6.7%

5yr CAGR
2025| 2,537,880 0.2%
OLS Model ARMA Test
Model Statistics Magnitude P-Value Magnitude P-Value

Adjusted R"2 96.8% 98.9%
AIC 9.18 8.13
SIC 9.60 8.62
MAPE 1.8% 1.1%
Model F Test 257.0 0.0% 624.6 0.0%
Estimates Residual S.D. 93 55
SSres 1,667,166 523,890
Degrees of Freedom

Breusch-Pegan F
Breusch-Pegan ChiSq
White's F

1.9

Breusch-Godfrey AIC F
Breusch-Godfrey AIC ChiSq
Breusch-Godfrey SIC F
Breusch-Godfrey SIC ChiSq
Durban-Watson

Durban-H

FITA2 Ramsey's RESET F
FITA3 Ramsey's RESET F
FITA4 Ramsey's RESET F

Out-of-Sample RMSE
Out-of-Sample MAE

Out-of-Sample MAPE

13

18.7%
19.3%
86.6%
95.7%

0.0%
95.7%

0.0%

N/A
N/A
0.0%
0.0%
0.0%
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Model Discussion

The outlook for the Sales for Resale customer class is a bit lower than last year’s. The graph and table
show the total sales forecast for this class, which combines the output of the econometric forecast with
load additions/reductions. Load addition assumptions have changed slightly since last year, but the
underlying econometric forecasts is fairly similar after accounting for difference in modeling approach.

As described in the Changes to Database section, Minnesota Power implemented a new modeling
methodology to more accurately account for recent changes in the customer class composition.
Historical sales to Dahlberg were removed from the historical Resale energy sales series prior to
regression since Dahlberg’s contract with Minnesota Power ended on December 31512013. The resale
customer class will be composed of MP’s 16 Minnesota municipal customers and Superior Water Light
and Power (SWLP) in forecast timeframe, so this is what Minnesota Power modeled and projected. This
methodology is explained in the “Methodological Adjustments for the 2014 Forecast” section and
specific adjustments made to the historical series are detailed in the “Data Revisions Since Previous
AFR” section.

Minnesota Power’s econometric interpretation of the key drivers is as follows: as the month-to-month
change in the unemployment rate decreases by 0.1, monthly sales for resale should increase by 550
MWh (17.7 x 31). As the month-to-month percent change in housing starts increases by 1%, street
monthly sales for resale should increase by about 100 MWh (3.25 x 31). Differenced variable appeared
to be more indicative of lighting use than any other transformation, suggesting that increases in lighting
are driven more by the rate of increase in population than the level of the population.

The resale model differs from last year’s model in its structure and economic drivers. This year’s model
utilizes the Duluth MSA Unemployment Rate and annualized Housing Starts in the Duluth MSA, whereas
last year’s model used Employment in Financial Activities (13 county) as the sole economic driver.

Both the AFR 2014 and AFR 2013 models used monthly binaries and trend variables. Both models also
account for a structural break in 2006 utilizing binary variables. Last year’s model used a full set of
alternate binaries to indicate the step-change, whereas this year’s model leverages a single binary to
serve as the shifted constant and adds to this any significant monthly binaries. This year’s model also
includes an additional trend variable to distinguish between growth rates in the pre and post structural
break timeframe.

The model statistics show the AFR 2014 Resale model is an improvement over last year’s. This year’s
model reduced out-sample RMSE forecast error to 2.29% (from 4.5% in last year’s model), reduced SIC,
and reduced in-sample MAPE forecast error to 1.8% from 4% in last year’s model. ARMA testing of the
OLS model was able to resolve heteroscedasticity and autocorrelation to confirm the P-values of each
variables coefficient.
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Estimation Start/End:

6/1999 - 3/2014

Unit Modeled/Forecast:

Monthly Peak Demand

OLS Model ARMA test
Variable Coefficient P-Value VIF P-Value
CONST 337.22 0.00%) 0.00%]
Trend 0.34 0.00%!| 1.45 0.01%]
Weather-normal_MWh-perday 0.04 0.00%!| 1.96 0.00%]
Binary-LP_Coincident (38.06) 3.05%| 1.81 2.92%]
Binary-Aug_1999 65.07 6.19%| 1.06 4.73%]|
Binary-Sep_1999 102.55 0.48%| 1.13 0.29%]
Binary-Nov_1999 97.69 0.60%) 1.08 1.53%
Binary-Apr_2000 (87.04) 1.46% 1.10 1.20%
Binary-Oct_2001 (65.13) 7.56%) 1.17 21.39%]
Binary-Sep_2001 (81.09) 1.84% 1.02 12.67%)
Binary-Sep_2002 71.12 3.80%) 1.02 0.92%|
Binary-Nov_2008 129.04 0.02% 1.03 0.02%
Binary-Dec_2008 149.55 0.00%| 1.05 0.00%]
Temp_Low-Less_N30 (1.69) 0.00%!| 1.07 0.00%|
Temp_Low-N30_N20 (1.83) 0.00%) 1.14 0.00%]
Temp_Low-N20_N10 (2.35) 0.00%) 1.16 0.00%]
Temp_Low-N10_Zero (1.40) 1.27% 1.26 1.13%
Temp_Low-Zero_20 (1.41) 3.24%)| 1.06 4.85%]|
Temp_Avg-T20_30 (1.46) 0.02% 1.38 0.04%
Temp_Avg-T30_40 (1.74) 0.07%| 1.08 0.23%]
Temp_Avg-T40_50 (1.47) 0.00%!| 1.25 0.00%|
Temp_High-T50_60 (0.77) 0.22% 1.26 0.25%]
Temp_High-T70_80 0.20 3.12% 1.49 0.94%|
Temp_High-T80_90 0.97 0.00%) 1.47 0.00%|
Binary-SummerPeak 30.83 0.70%!| 1.55 2.91%|
Peak Demand (MW)
Summer  Y/Y Growth  Winter _ Y/Y Growth
2007 1,758 1,763
2008 1,699 -3.3% 1,719 -2.5%
2009 1,350 -20.6% 1,545 -10.1%
2010 1,732 28.3% 1,789 15.7%
2011 1,746 0.8% 1,779 -0.5%
2012 1,790 2.5% 1,774 -0.3%
2013] 1,782 -0.5% 1,751 -1.3%
2014 1,727 -3.0%) 1,772 1.2%
2015 1,807 4.6% 1,931 9.0%
2016 1,923 6.4%) 1,958 1.4%)
2017 1,941 0.9% 1,973 0.8%
2018 1,954 0.7% e 0.3%
2019] 1,962 0.4% 1,988 0.5%
2020 1,970 0.4% 1,996 0.4%
5yr CAGR 5yr CAGR
2025 2,004 0.3% 2,035 0.4%
OLS Model ARMA Test
Model Statistics Magnitude P-Value Magnitude P-Value
Adjusted R"2 90.4% 91.2%
AIC 7.16 7.08
sIC 7.60 7.56
MAPE 1.7% 1.7%
Model F Test 70.5 0.0% 713 0.0%
Estimates Residual S.D. 34 32
SSres 172,477 155,002
| Degrees of Freedom 153 150
Breusch-Pegan F 1.0 45.9%
Breusch-Pegan ChiSq 243 44.4%
White's F 12 29.8%
Breusch-Godfrey AIC F 11.2 0.1%
Breusch-Godfrey AIC ChiSq 12.2 0.0%
Breusch-Godfrey SIC F 11.2 0.1%
Breusch-Godfrey SIC ChiSq 12.2 . K
Durban-Watson 1.5 BAD 2.0 N/A
Durban-H #NA
FITA2 Ramsey's RESET F 0.6 45.9%
FITA3 Ramsey's RESET F 0.7 48.7% 20.5%
FIT*4 Ramsey's RESET F 19 13.9% . 35.6%
Out-of-Sample RMSE 42 42
Out-of-Sample MAE 32 32
QOut-of-Sample MAPE 2.30% 2.31%
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Model Discussion

The long-run outlook for Minnesota Power’s system peak is a bit lower than last year’s due to a decline
in the overall energy sales outlook. The short-term (2014-2015) peak demand outlook is noticeably
lower due to differences in assumptions for large customer load additions/reductions, but is slightly
higher than last year’s for a short time in 2016; this is also due to differences in assumptions for large
customer load additions/reductions.

Minnesota Power implemented a new modeling methodology to more accurately account for recent
changes in the customer class composition. Historical demand was adjusted down by an average of 30
MW over the historical timeframe. This methodology is explained in the “Methodological Adjustments
for the 2014 Forecast” section and specific adjustments made to the historical series are detailed in the
“Data Revisions Since Previous AFR” section.

Two types of binary variables account for anomalous industrial customer behavior. The “Binary-
LP_Coincident” variable denotes a historical peak when a large industrial customer was not operating at
the time of the peak. The “Binary-month_year” variables denote months where the model would have
realized sizable errors that could have biased the coefficients of other predictor variables.

The binary variable (“Binary-SummerPeak”) notes historical summer peaks to avoid understating
summer peak demand in the forecast timeframe.

Temperature variables play an important role in both this and last year’s model though the definitions
and structure of these variables has been improved; this is noted in the “Methodological Adjustments
for the 2014 Forecast” section.

This year’s model utilizes a different dependent variable than last year, so comparison of statistical
quality should be done using forecast errors instead of SIC or R-squared. This year’s model has an out-
sample MAPE of 2.3% (compared to 2.1% in last year’s model) and the in-sample increased to 1.7%
from 1.3% in last year’s model. The OLS model shows no signs of heteroscedasticity.

ARMA testing of the OLS model was able to resolve autocorrelation to confirm the P-values of each
variable’s coefficient with the exception of two “Binary-month_year” variables which only achieved an
80% and 88% level of significance. Each of these binary variables denotes a single month in the early
forecast timeframe containing erratic load behavior and their exclusion from the model could bias
coefficients of the temperature variables. Therefore, the decision was made to let them remain in the
OLS model.
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F. Confidence in Forecast & Historical Accuracy

Over the longer term, the IHS Global Insight macroeconomic outlook has converged on slow,
steady growth in the major indicators. Despite the recent strong sales climate for iron and steel, a
weaker economic outlook makes Minnesota Power’s energy sales to those sectors vulnerable.
The potential for substantial regional growth as a result of mineral development indicates the
value of examining alternatives. Minnesota Power will continue to evaluate the status of key
industrial and wholesale developments in its service territory to determine the most appropriate
scenario on which to develop plans.

Minnesota Power has a solid track record of accurate forecasting. Figures 12-14 show Minnesota
Power’s past AFR forecast accuracy for aggregate energy use, Summer Peak, and Winter Peak
demand. The bottom values in each column (Bold) represent the forecast accuracy in the current
year, or the year it was produced. For example, the lower right value of -0.2 percent is the
difference between the forecast produced in 2013 (AFR 2013) and the 2013 year-end actual.
Similarly, the cell just above the current year accuracy (Bold, Italic) represents the accuracy of
the forecast in the year immediately after its formulation. For example, AFR 2012 (formulated in
2012) forecast of 2013 was 0.5 percent (54 GWh) above the actual.

Figure 12:
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Total Energy Sales Forecast Error

Average Avg. Error
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Error of AFR Year-Ahead
AFR 2000| -3.9% | 1.5% | 0.5% | 1.9% | 0.6% | -2.2% | -2.9% | -2.7% | -3.7% [ 29.1% | 1.0% | -5.1% | -5.0% | -3.5% 0.3% 1.5%
AFR 2001 -2.0% | 0.3% | 3.4% | -1.0% | -3.1% | -4.1% | -3.9% | -4.2% | 29.0% | 0.5% | -4.2% | -4.4% | -3.1% 0.2% 0.3%
AFR 2002 -0.9% | 3.1% [ 0.2% | -2.4% | -3.6% | -3.8% | -4.4% | 28.2% | -0.4% | -5.4% | -5.9% | -5.0% 0.0% 3.1%
AFR 2003 3.6% | -1.8% | -2.9% [ -2.9% | -21% | -2.7% | 31.6% | 2.8% | -1.3% | -0.6% | 2.0% 2.3% 1.8%
:"’; AFR 2004 0.6% | -0.3% [ -0.5% | 0.0% | 0.6% | 36.1% | 6.4% | 2.4% | 3.0% | 6.0% 5.4% 0.3%
@ AFR 2005 -0.3% [ -0.5% [ 0.6% | 4.1% | 41.5% | 11.0% [ 6.8% | 7.0% | 10.2% 8.9% 0.5%
£ AFR 2006 -0.3% | 1.4% | 1.8% | 41.8% | 11.1% | 7.4% | 8.0% | 10.0% 10.2% 1.4%
AFR 2007 0.0% | -0.5% | 37.0% | 6.0% [ 2.8% | 3.4% | 5.7% 7.8% 0.5%
AFR 2008 -2.0% [34.8% | 8.9% | 51% | 4.0% | 4.8% 9.3% 34.8%
AFR 2009 4.8% |-16.8% [-13.9% | -8.1% | -3.1% -7.4% 16.8%
AFR 2010 -0.8% | -1.8% [ -1.0% | 0.7% -0.7% 1.8%
AFR 2011 -0.3% | -1.1% | 0.5% -0.3% 1.1%
AFR 2012 -1.4% [ 0.5% -0.5% 0.5%
AFR 2013 -0.2% -0.2%

N.n% = Year-Ahead Foreast Avg Year-Ahead Error = 1.4%

N.n% = Current Year Forecast Awvg Current Year Error = -0.2%

N.n% =5 Year-Ahead Forecast Avg 5 Year Error = 5.6%
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Figure 13: AFR Summer Peak Demand Forecast Accuracy
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Average  Avg. Error
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Error of AFR Year-Ahead
AFR 2000 0.9% | 13.7% | -5.6% | -1.3% | -3.1% | -6.8% | -8.5% | -7.5% | -3.1% | 23.6% | -2.2% | -1.6% | -2.8% | -0.2% -0.3% 13.7%
AFR 2001 5.2% | -0.5% | 4.0% | 1.8% | -2.5% | -4.6% | -3.8% | 0.5% [28.0% | 1.4% | 2.4% | 1.2% | 2.9% 2.8% 0.5%
AFR 2002 -2.0% | 5.0% | 3.5% | -0.6% | -2.6% [ -1.9% | 2.3% [ 30.7% | 24% | 3.1% | 1.4% | 2.7% 3.7% 5.0%
AFR 2003 2.4% | -4.4% | 6.4% | -6.9% | -8.2% | -3.1% | 24.6% | -2.9% | -1.7% | -2.2% | -1.7% -1.0% 4.4%
& AFR 2004 0.0% [ 0.0% | -3.9% | -3.5% | 3.7% | 30.8% | 1.7% | 4.8% [ 41% | 5.6% 4.3% 0.0%
§AFR2005 -5.0% | 6.9% | -6.3% | 3.1% | 30.7% [ 2.5% | 3.3% [ 2.0% | 4.4% 3.1% 6.9%
© AFR 2006 -0.2% | -0.7% | 4.5% [34.3% | 59% | 7.0% | 6.0% | 7.5% 8.0% 0.7%
AFR 2007 -2.4% | 2.2% | 31.4% | 3.5% | 4.8% | 3.6% | 5.2% 6.9% 2.2%
AFR 2008 2.5% | 31.0% | 3.2% | 3.7% | 2.4% | 3.6% 7.7% 31.0%
AFR 2009 0.0% |-21.1% [-15.6% | -11.9% [ -8.9% -11.5% 21.1%
AFR 2010 -0.1% | -1.4% | -2.6% [ -1.5% -1.4% 1.4%
AFR 2011 -1.5% | -3.5% | -2.4% -2.4% 3.5%
AFR 2012 -3.7% | -3.0% -3.4% 3.0%
AFR 2013 -2.8% -2.8%
N.n% = Year-Ahead Foreast Avg Year-Ahead Error = 0.8%
N.n% = Current Year Forecast Awvg Current Year Error = -0.5%
N.n% =5 Year-Ahead Forecast Avg 5 Year Error = 3.4%
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Figure 14: AFR Winter Peak Demand Forecast Accuracy
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Average Avg. Error
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Error of AFR Year-Ahead
AFR 2000| 4.7% | 3.0% | -2.2% | 2.0% | -0.2% | -4.4% | 6.4% | -5.7% | -1.6% | 25.2% | -1.3% | -0.9% [ -2.3% | 0.0% 0.7% 3.0%
AFR 2001 10.2% | 3.5% | 7.6% | 4.7% | -0.3% | -2.7% | -2.3% | 2.0% [29.7% | 2.6% | 3.3% | 2.0% | 3.6% 4.9% 3.5%
AFR 2002 1.6% | 6.7% | 47% | 0.4% | -1.6% | -1.0% | 3.2% [31.8% | 3.2% | 3.7% | 1.9% | 3.1% 4.8% 6.7%
AFR 2003 0.9% [ -1.4% | -5.4% | -7.2% | 6.3% | -2.0% [ 24.8% | -1.3% | -0.2% | -1.2% | 0.6% 0.1% 1.4%
Q AFR 2004 1.1% | -3.0% | -3.8% | -3.3% | 54% | 33.5% | 4.9% | 7.1% | 6.6% [ 9.3% 5.8% 3.0%
§ AFR 2005 -2.5% | -4.3% | -3.6% | 44% | 32.6% | 42% | 4.9% [ 3.5% | 5.6% 5.0% 4.3%
© AFR 2006 -2.2% | 0.3% | 5.0% [34.9% | 6.6% | 7.8% | 7.0% | 8.6% 8.4% 0.3%
AFR 2007 -2.6% | 1.7% | 29.9% | 1.8% | 2.4% | 0.8% | 2.0% 5.1% 1.7%
AFR 2008 5.5% | 33.7% | 46% | 52% | 3.3% | 4.5% 9.5% 33.7%
AFR 2009 3.6% |-16.5% | -8.9% | -7.0% [ -4.1% -6.6% 16.5%
AFR 2010 24% | 2.3% | 0.4% | 1.4% 1.6% 2.3%
AFR 2011 1.6% | -0.6% [ 0.7% 0.6% 0.6%
AFR 2012 -0.7% | -0.4% -0.6% 0.4%
AFR 2013 -1.3% -1.3%
N.n% = Year-Ahead Foreast Avg Year-Ahead Error = 1.9%
N.n% = Current Year Forecast Avg Current Year Error=_ 1.6%
N.n% =5 Year-Ahead Forecast Awvg 5 Year Error = 4.5%
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2. AFR 2014 Forecast and Alternative Scenarios

A. Forecast Scenario Descriptions

Minnesota Power’s developed several scenarios for system peak demand and energy forecasts.
All scenarios assume some direct load additions and/or losses from specific Industrial customers,
served directly by Minnesota Power or through a wholesale customer.

Moderate Growth Demand and Enerqy Scenario

This scenario includes changes in customer operations that are not certain, but have a high
likelihood of occurring. This high likelihood is characterized by formal communication from the
customer, plus one or more of the following:

e An Electric Service Agreement is either executed or is in negotiation;

e The change in operation is supported by customer actions, such as construction or
investment that will result in additional power requirements;

e A timeframe for the operation and resulting power.

Moderate Growth scenario assumes additional load from a number of new and existing
customers. Most notably, this scenario accounts for a new industrial facility to be served by a
Minnesota Power wholesale customer, the City of Nashwauk. The facility is expected to reach
full demand in early 2016; this is a more accelerated ramp-up than has been assumed in previous
Minnesota Power forecasts, but is constant with what this customer has communicated publicly.

The scenario assumes a moderate, or “expected,” rate of national economic growth as the basis
for the regional economic model.

The Moderate Growth scenario results in average annual energy sales growth and average annual
peak demand growth of 1.1 percent and 1.1 percent, respectively, from 2014 through 2028.

Moderate Growth with Deferred Resale Demand and Energy Scenario

This scenario is identical to the Moderate Growth scenario except it assumes a one-year
deferment in the start-up of the new industrial facility in the City of Nashwauk. The facility is
expected to reach full demand in early 2017 instead of early 2016 (as is assumed in the Moderate
Growth scenario). Other possible additional phases of this project are not included in this
scenario.

The scenario assumes a moderate, or “expected,” rate of national economic growth as the basis
for the regional economic model.

The Moderate Growth with Deferred resale scenario results in average annual energy sales
growth and average annual peak demand growth of 1.1 percent and 1.1 percent, respectively,
from 2014 through 2028.
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Current Contract Demand and Energy Scenario

This case reflects the results of the econometric models, with discrete adjustments for announced
changes in demand with a specific starting date. Examples of these adjustments are executed and
approved electric service agreements, expiring electric service agreements that will not be
renewed, and publicly communicated schedules by prospective customers.

The largest of the adjustments to the econometric forecast accounts for the new industrial facility
served by a Minnesota Power wholesale customer, the City of Nashwauk. The facility is
expected to reach full demand in early 2016; this is a more accelerated ramp-up than has been
assumed in previous Minnesota Power forecasts, but is constant with what this customer has
communicated publicly.

This scenario is more constrained in its additions for new prospective customers and results in
average annual energy sales growth and average annual peak demand growth of 0.8 percent and
0.8 percent, respectively, from 2014 through 2028.

The scenario assumes a moderate, or “expected,” rate of national economic growth as the basis
for the regional economic model.

Potential Upside Demand and Energy Scenario

In this scenario, customer-specific additions are added to those in the Moderate Growth scenario.
These additions have a moderate likelihood of occurring in the next 5 years, and have been
publicly communicated as potential additions. This results in average annual energy sales growth
and average annual peak demand growth of 1.6 percent and 1.5 percent, respectively, from 2014
through 2028. The results are presented in the Potential Upside table.

The scenario assumes a moderate, or “expected,” rate of national economic growth as the basis
for the regional economic model.

Potential Downside Demand and Enerqgy Scenario

Minnesota Power has also developed a scenario reflecting plausible permanent capacity
reductions by specific customers in the next 5 years. This scenario includes some additions, but
these are more than offset by substantial load reductions resulting in no energy or demand
growth in the 2014-2028 timeframe. The results are presented in the Potential Upside table.

The scenario assumes a slow, or “pessimistic,” rate of national economic growth as the basis for
the regional economic model.

Best Case Demand and Energy Scenario

This scenario adds customer-specific impacts in addition to those in the Moderate Growth and
Potential Upside scenarios above. The additions in this scenario are possible, but speculative,
requiring highly favorable economic conditions.
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The peak and energy impacts are identified in the Best Case table, which show average annual
energy sales growth and average annual peak demand growth of 3 percent and 2.4 percent,
respectively, from 2014 through 2028.

The scenario assumes an accelerated, or “optimistic,” rate of national economic growth as the
basis for the regional economic model.

B. Other Adjustments to Econometric Forecast

Each of Minnesota Power’s forecast scenarios is the summation of the econometric model results
and arithmetic adjustments for impacts which cannot be accurately modeled. These exogenous
impacts are documented as separate seasonal peak and energy adjustments in all of the specific
scenario tables. These adjustments fall into the following categories:

1. Net Load/Energy Added: are exogenous adjustments accounting for added load due to
new customers or expansion by existing customers, and lost load due to closure or loss of
contract. To preserve customer confidentiality, the seasonal demand and energy impacts
are netted to a single value before being applied to the econometric values. Adjustments
made for recent customer additions (as discussed in sections on Methodological
Improvements and Data Revisions Since Previous AFR) are also included in this value.

2. Customer Generation: is the demand on Minnesota Power system that is met by
customer owned generation. Customer generation can fluctuate without clear economic
causes so this component of Minnesota Power system peak is removed to more
accurately model demand for an econometric forecast. The process for this adjustment
can be outlined in 3 steps:

e Remove Customer Generation from the historical peak series.

e Econometrically project a less volatile “FERC load coincident w/ Monthly
Minnesota Power System peak (MW)” monthly peak series.

e Arithmetically account for Customer Generation after forecasting.

This procedure has been a methodological staple of Minnesota Power forecasting for over
a decade and increases the quality of the econometric processes and resulting forecasts.

The forecast assumption for customer generation is determined by averaging the
historical customer generation coincident with the monthly peak over a 12-year historical
timeframe. The result is a set of 12 distinct monthly values for each month of the year.
The MWh adjustment is determined similarly through averaging the most recent 12-year
historical timeframe, but excluding 2009 due to its irregularly low value. These
adjustments are credits that increase the estimated peaks and system energy use
projection by the estimated amount.
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This Customer Generation adjustment to peak and energy forecasts also accounts for
expected changes in the operation or ownership of generating assets that would affect
deliveries to customers.

3. Dual Fuel: Minnesota Power has a robust Dual Fuel program for Residential and
Commercial customers. Dual Fuel impacts are accounted for in forecast in the same way
as conservation. The impacts of historical interruptions are assumed to be inherent in the
forecast since curtailments affected historical monthly peak demand. Post-regression
adjustments for dual fuel would produce an artificially low peak demand forecast.
Minnesota Power will account for dual fuel interruption as a resource and not as an
adjustment to the load forecast.
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C. Peak Demand and Energy Outlooks by Scenario

i. Moderate Growth Scenario — AFR Expected Case

Peak Forecast (MW)

Econometric | + | Net Load Added | = MP Delivered Load + Customer Gen. = MP System Peak
Sum Win Sum Win Sum Win Sum Win Sum Win Annual

2000 1,469 1,503 242 281 1,711 1,784 1,784
2001 1,383 1,421 150 175 1,533 1,595 1,595
2002 1,464 1,456 165 180 1,629 1,636 1,636
2003 1,408 1,496 163 175 1,570 1,671 1,671
2004 1,449 1,533 168 189 1,617 1,721 1,721
2005 1,535 1,555 169 172 1,703 1,727 1,727
2006 1,684 1,634 169 170 1,753 1,704 1,753
2007 1,582 1,584 176 179 1,758 1,763 1,763
2008 1,552 1,575 147 145 1,699 1,719 1,719
2009 1,200 1,369 150 176 1,350 1,545 1,545
2010 1,591 1,599 140 190 1,732 1,789 1,789
2011 1,573 1,629 173 150 1,746 1,779 1,779
2012 1,603 1,605 187 169 1,790 1,774 1,790
2013 1,645 1,589 136 162 1,782 1,751 1,782
2014 1,526 1,554 30 45 1,556 1,599 172 173 1,727 1,772 1,772
2015 1,543 1,563 93 176 1,636 1,739 172 192 1,807 1,931 1,931
2016 1,551 1,573 171 183 1,722 1,756 201 202 1,923 1,958 1,958
2017 1,557 1,578 183 193 1,740 1,771 201 202 1,941 1,973 1,973
2018 1,560 1,584 193 194 1,753 1,777 201 202 1,954 1,979 1,979
2019 1,567 1,593 194 194 1,761 1,786 201 202 1,962 1,988 1,988
2020 1,576 1,601 194 194 1,769 1,794 201 202 1,970 1,996 1,996
2021 1,582 1,608 194 194 1,775 1,801 201 202 1,976 2,003 2,003
2022 1,588 1,614 194 194 1,782 1,808 201 202 1,982 2,010 2,010
2023 1,595 1,624 194 194 1,789 1,817 201 202 1,990 2,019 2,019
2024 1,602 1,632 194 194 1,796 1,826 201 202 1,997 2,028 2,028
2025 1,609 1,640 194 194 1,803 1,834 201 202 2,004 2,035 2,035
2026 1,617 1,648 194 194 1,810 1,842 201 202 2,011 2,044 2,044
2027 1,625 1,658 194 194 1,818 1,851 201 202 2,019 2,053 2,053
2028 1,632 1,667 194 194 1,826 1,861 201 202 2,027 2,063 2,063
Energy Sales Forecast (MWh)

| Econometric | + | Net Energy Added | = MP Delivered Energy + | CustomerGen. | =] System Energy Use MP System

Peak Load Factor

2000 10,243,434
2001 9,658,073
2002 10,160,143 1,187,858 11,348,001 1,636 0.79
2003 9,846,294 1,232,635 11,078,929 1,671 0.76
2004 10,324,412 1,267,728 11,592,140 1,721 0.77
2005 10,531,271 1,258,895 11,790,166 1,727 0.78
2006 10,649,101 1,195,070 11,844,171 1,753 0.77
2007 10,680,509 1,252,965 11,933,474 1,763 0.77
2008 10,839,446 1,276,158 12,115,604 1,719 0.80
2009 8,065,090 1,108,014 9,173,104 1,545 0.68
2010 10,417,422 1,299,292 11,716,714 1,789 0.75
2011 10,988,200 1,422,107 12,410,307 1,779 0.80
2012 11,107,358 1,200,317 12,307,675 1,790 0.78
2013 10,985,809 10,985,809 1,185,139 12,170,948 1,782 0.78
2014 10,808,480 197,504 11,005,984 1,251,630 12,257,614 1,772 0.79
2015 10,819,622 635,938 11,455,560 1,286,450 12,742,010 1,931 0.75
2016 10,906,285 1,304,421 12,210,706 1,422,746 13,633,452 1,958 0.79
2017 10,926,100 1,213,426 12,139,526 1,462,483 13,602,010 1,973 0.79
2018 10,939,368 1,286,636 12,226,004 1,462,483 13,688,488 1,979 0.79
2019 10,987,659 1,294,783 12,282,442 1,462,483 13,744,926 1,988 0.79
2020 11,074,743 1,298,331 12,373,073 1,466,490 13,839,563 1,996 0.79
2021 11,088,873 1,294,783 12,383,656 1,462,483 13,846,140 2,003 0.79
2022 11,134,063 1,294,783 12,428,847 1,462,483 13,891,330 2,010 0.79
2023 11,188,371 1,294,783 12,483,154 1,462,483 13,945,637 2,019 0.79
2024 11,267,085 1,298,331 12,565,416 1,466,490 14,031,906 2,028 0.79
2025 11,293,034 1,294,783 12,587,817 1,462,483 14,050,301 2,035 0.79
2026 11,351,103 1,294,783 12,645,886 1,462,483 14,108,370 2,044 0.79
2027 11,411,239 1,294,783 12,706,022 1,462,483 14,168,506 2,053 0.79
2028 11,503,999 1,298,331 12,802,330 1,466,490 14,268,820 2,063 0.79
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Customer Count Forecast by Class

Public

Year Residential Commercial Industrial Street Lighting  Authorities Resale Total
2005 116,072 20,040 460 490 233 18 137,313
2006 117,596 20,419 451 509 237 18 139,229
2007 118,870 20,630 435 548 241 18 140,742
2008 119,300 20,969 431 585 246 18 141,549
2009 121,217 21,287 429 422 262 18 143,636
2010 121,235 21,491 424 438 278 18 143,884
2011 121,251 21,603 421 503 281 18 144,077
2012 120,697 21,614 411 539 275 18 143,554
2013 121,314 21,915 403 592 287 18 144,529
2014 120,818 21,921 387 664 281 17 144,089
2015 123,065 22,376 380 726 290 17 146,854
2016 124,243 22,644 378 789 293 17 148,365
2017 125,202 22,928 382 854 297 17 149,681
2018 125,997 23,205 384 910 300 17 150,813
2019 126,542 23,469 385 964 302 17 151,680
2020 127,136 23,749 385 1,015 304 17 152,606
2021 127,633 24,021 387 1,063 306 17 153,426
2022 128,132 24,293 386 1,112 307 17 154,247
2023 128,562 24,564 385 1,158 309 17 154,995
2024 128,983 24,833 383 1,204 310 17 155,729
2025 129,353 25,107 381 1,250 311 17 156,419
2026 129,873 25,385 377 1,294 312 17 157,258
2027 130,433 25,664 374 1,341 313 17 158,142
2028 131,060 25,946 369 1,388 315 17 159,094

Energy Sales Forecast (MWh) by Customer Class

Public

Year Residential Commercial Industrial Street Lighting  Authorities Resale Total
2005 1,013,156 1,200,075 6,761,669 15,646 61,396 1,479,329 10,531,271
2006 1,011,699 1,206,607 6,782,975 15,831 60,882 1,571,107 10,649,101
2007 1,051,453 1,244,930 6,622,051 15,752 67,056 1,679,267 10,680,509
2008 1,079,837 1,240,324 6,737,333 15,983 64,912 1,701,057 10,839,446
2009 1,075,116 1,212,778 4,051,352 16,049 62,036 1,647,759 8,065,090
2010 1,057,476 1,221,754 6,364,080 15,833 61,768 1,696,511 10,417,422
2011 1,069,856 1,226,174 6,913,648 16,420 62,458 1,699,644 10,988,200
2012 1,043,281 1,237,386 7,037,843 15,955 54,074 1,718,819 11,107,358
2013 1,086,481 1,256,540 6,873,992 16,066 51,736 1,700,993 10,985,809
2014 1,126,533 1,284,024 6,929,749 16,346 54,172 1,595,159 11,005,984
2015 1,101,872 1,287,245 7,177,641 16,380 54,967 1,817,456 11,455,560
2016 1,117,148 1,310,008 7,242,366 16,654 56,293 2,468,238 12,210,706
2017 1,124,315 1,326,212 7,125,775 16,738 56,630 2,489,856 12,139,526
2018 1,135,933 1,343,242 7,177,287 16,755 56,906 2,495,882 12,226,004
2019 1,144,295 1,357,620 7,205,498 16,807 56,903 2,501,320 12,282,442
2020 1,156,269 1,375,938 7,253,307 16,944 57,131 2,513,485 12,373,073
2021 1,161,158 1,388,599 7,247,011 16,941 57,266 2,512,682 12,383,656
2022 1,170,667 1,404,045 7,260,144 17,035 57,401 2,519,554 12,428,847
2023 1,179,077 1,419,552 7,283,882 17,051 57,571 2,526,019 12,483,154
2024 1,189,847 1,439,572 7,321,726 17,183 57,798 2,539,290 12,565,416
2025 1,194,569 1,453,153 7,327,251 17,167 57,797 2,537,880 12,587,817
2026 1,203,301 1,468,463 7,355,298 17,247 58,054 2,543,524 12,645,886
2027 1,212,603 1,484,940 7,383,313 17,298 58,370 2,549,498 12,706,022
2028 1,226,285 1,505,777 7,432,043 17,454 58,896 2,561,875 12,802,330
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ii. Moderate Growth with Deferred Resale

Peak Forecast (MW)

Econometric | + | Net Load Added | = MP Delivered Load + Customer Gen. = MP System Peak
Sum Win Sum Win Sum Win Sum Win Sum Win Annual

2000 1,469 1,503 242 281 1,711 1,784 1,784
2001 1,383 1,421 150 175 1,533 1,595 1,595
2002 1,464 1,456 165 180 1,629 1,636 1,636
2003 1,408 1,496 163 175 1,670 1,671 1,671
2004 1,449 1,533 168 189 1,617 1,721 1,721
2005 1,535 1,555 169 172 1,703 1,727 1,727
2006 1,584 1,534 169 170 1,753 1,704 1,753
2007 1,682 1,584 176 179 1,758 1,763 1,763
2008 1,552 1,575 147 145 1,699 1,719 1,719
2009 1,200 1,369 150 176 1,350 1,545 1,545
2010 1,591 1,599 140 190 1,732 1,789 1,789
2011 1,673 1,629 173 150 1,746 1,779 1,779
2012 1,603 1,605 187 169 1,790 1,774 1,790
2013 1,645 1,589 136 162 1,782 1,751 1,782
2014 1,525 1,554 30 45 1,555 1,599 172 173 1,727 1,771 1,771
2015 1,543 1,564 63 66 1,606 1,629 172 192 1,778 1,821 1,821
2016 1,550 1,573 91 183 1,641 1,755 201 202 1,842 1,957 1,957
2017 1,557 1,578 183 193 1,740 1,770 201 202 1,940 1,972 1,972
2018 1,560 1,584 193 194 1,752 1,777 201 202 1,953 1,979 1,979
2019 1,567 1,593 194 194 1,760 1,786 201 202 1,961 1,988 1,988
2020 1,575 1,600 194 194 1,769 1,794 201 202 1,970 1,996 1,996
2021 1,581 1,607 194 194 1,775 1,801 201 202 1,976 2,002 2,002
2022 1,588 1,614 194 194 1,781 1,807 201 202 1,982 2,009 2,009
2023 1,595 1,623 194 194 1,788 1,817 201 202 1,989 2,019 2,019
2024 1,602 1,632 194 194 1,795 1,825 201 202 1,996 2,027 2,027
2025 1,609 1,640 194 194 1,802 1,833 201 202 2,003 2,035 2,035
2026 1,616 1,648 194 194 1,810 1,842 201 202 2,011 2,043 2,043
2027 1,624 1,658 194 194 1,818 1,851 201 202 2,019 2,053 2,053
2028 1,632 1,667 194 194 1,825 1,860 201 202 2,026 2,062 2,062
Energy Sales Forecast (MWh)

| Econometric | + | Net Energy Added | = MP Delivered Energy + Customer Gen. =] System Energy Use MP System

Peak Load Factor

2000 10,245,420
2001 9,658,073
2002 10,160,143 1,187,858 11,348,001 1,636 0.79
2003 9,846,294 1,232,635 11,078,929 1,671 0.76
2004 10,324,412 1,267,728 11,592,140 1,721 0.77
2005 10,531,272 1,258,895 11,790,167 1,727 0.78
2006 10,649,101 1,195,070 11,844,171 1,753 0.77
2007 10,680,514 1,252,965 11,933,479 1,763 0.77
2008 10,839,446 1,276,158 12,115,604 1,719 0.80
2009 8,065,088 1,108,014 9,173,102 1,545 0.68
2010 10,417,414 1,299,292 11,716,706 1,789 0.75
2011 10,988,200 1,422,107 12,410,307 1,779 0.80
2012 11,107,357 1,200,317 12,307,674 1,790 0.78
2013 10,985,809 10,985,809 1,185,139 12,170,948 1,782 0.78
2014 10,805,856 197,504 11,003,360 1,251,630 12,254,990 1,771 0.79
2015 10,821,199 415,559 11,236,758 1,286,450 12,523,209 1,821 0.79
2016 10,906,880 684,171 11,591,051 1,422,746 13,013,797 1,957 0.76
2017 10,921,738 1,213,426 12,135,164 1,462,483 13,597,648 1,972 0.79
2018 10,935,511 1,286,636 12,222,147 1,462,483 13,684,631 1,979 0.79
2019 10,983,504 1,294,783 12,278,287 1,462,483 13,740,771 1,988 0.79
2020 11,070,561 1,298,331 12,368,891 1,466,490 13,835,381 1,996 0.79
2021 11,084,747 1,294,783 12,379,530 1,462,483 13,842,013 2,002 0.79
2022 11,129,622 1,294,783 12,424,405 1,462,483 13,886,888 2,009 0.79
2023 11,184,381 1,294,783 12,479,164 1,462,483 13,941,647 2,019 0.79
2024 11,262,953 1,298,331 12,561,284 1,466,490 14,027,774 2,027 0.79
2025 11,288,653 1,294,783 12,583,436 1,462,483 14,045,919 2,035 0.79
2026 11,346,690 1,294,783 12,641,473 1,462,483 14,103,957 2,043 0.79
2027 11,406,825 1,294,783 12,701,608 1,462,483 14,164,091 2,053 0.79
2028 11,499,273 1,298,331 12,797,604 1,466,490 14,264,094 2,062 0.79
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iii. Current Contract Scenario

Peak Forecast (MW)

Econometric | + | Net Load Added | = MP Delivered Load + Customer Gen. = MP System Peak
Sum Win Sum Win Sum Win Sum Win Sum Win Annual

2000 1,469 1,503 242 281 1,711 1,784 1,784
2001 1,383 1,421 150 175 1,533 1,595 1,595
2002 1,464 1,456 165 180 1,629 1,636 1,636
2003 1,408 1,496 163 175 1,670 1,671 1,671
2004 1,449 1,533 168 189 1,617 1,721 1,721
2005 1,535 1,555 169 172 1,703 1,727 1,727
2006 1,584 1,534 169 170 1,753 1,704 1,753
2007 1,682 1,584 176 179 1,758 1,763 1,763
2008 1,552 1,575 147 145 1,699 1,719 1,719
2009 1,200 1,369 150 176 1,350 1,545 1,545
2010 1,591 1,599 140 190 1,732 1,789 1,789
2011 1,673 1,629 173 150 1,746 1,779 1,779
2012 1,603 1,605 187 169 1,790 1,774 1,790
2013 1,645 1,589 136 162 1,782 1,751 1,782
2014 1,525 1,553 30 32 1,555 1,585 172 173 1,727 1,758 1,758
2015 1,543 1,564 70 122 1,613 1,686 172 177 1,784 1,862 1,862
2016 1,550 1,573 110 118 1,660 1,691 176 183 1,836 1,874 1,874
2017 1,557 1,578 118 118 1,675 1,696 182 183 1,856 1,879 1,879
2018 1,559 1,583 118 118 1,677 1,701 182 183 1,859 1,884 1,884
2019 1,567 1,592 118 118 1,685 1,710 182 183 1,867 1,893 1,893
2020 1,575 1,600 118 118 1,693 1,718 182 183 1,875 1,901 1,901
2021 1,581 1,607 118 118 1,699 1,725 182 183 1,881 1,908 1,908
2022 1,587 1,613 118 118 1,705 1,731 182 183 1,887 1,914 1,914
2023 1,594 1,623 118 118 1,712 1,741 182 183 1,894 1,924 1,924
2024 1,601 1,631 118 118 1,719 1,749 182 183 1,901 1,932 1,932
2025 1,608 1,639 118 118 1,726 1,757 182 183 1,908 1,940 1,940
2026 1,616 1,647 118 118 1,734 1,765 182 183 1,916 1,948 1,948
2027 1,623 1,657 118 118 1,741 1,775 182 183 1,923 1,958 1,958
2028 1,631 1,666 118 118 1,749 1,784 182 183 1,931 1,967 1,967
Energy Sales Forecast (MWh)

| Econometric | + | Net Energy Added | = MP Delivered Energy + Customer Gen. =] System Energy Use MP System

Peak Load Factor

2000 10,245,420
2001 9,658,073
2002 10,160,143 1,187,858 11,348,001 1,636 0.79
2003 9,846,294 1,232,635 11,078,929 1,671 0.76
2004 10,324,412 1,267,728 11,592,140 1,721 0.77
2005 10,531,272 1,258,895 11,790,167 1,727 0.78
2006 10,649,101 1,195,070 11,844,171 1,753 0.77
2007 10,680,514 1,252,965 11,933,479 1,763 0.77
2008 10,839,446 1,276,158 12,115,604 1,719 0.80
2009 8,065,088 1,108,014 9,173,102 1,545 0.68
2010 10,417,414 1,299,292 11,716,706 1,789 0.75
2011 10,988,200 1,422,107 12,410,307 1,779 0.80
2012 11,107,357 1,200,317 12,307,674 1,790 0.78
2013 10,985,809 10,985,809 1,185,139 12,170,948 1,782 0.78
2014 10,801,397 197,504 10,998,901 1,251,630 12,250,531 1,758 0.80
2015 10,811,606 475,705 11,287,311 1,251,630 12,538,941 1,862 0.77
2016 10,903,391 866,765 11,770,156 1,284,222 13,054,378 1,874 0.79
2017 10,920,224 857,858 11,778,082 1,324,338 13,102,420 1,879 0.80
2018 10,933,261 856,396 11,789,657 1,324,338 13,113,995 1,884 0.79
2019 10,980,794 856,396 11,837,190 1,324,338 13,161,528 1,893 0.79
2020 11,066,720 858,742 11,925,462 1,327,967 13,253,429 1,901 0.79
2021 11,080,537 856,396 11,936,933 1,324,338 13,261,271 1,908 0.79
2022 11,124,600 856,396 11,980,996 1,324,338 13,305,334 1,914 0.79
2023 11,178,582 856,396 12,034,978 1,324,338 13,359,316 1,924 0.79
2024 11,256,408 858,742 12,115,150 1,327,967 13,443,117 1,932 0.79
2025 11,281,839 856,396 12,138,235 1,324,338 13,462,573 1,940 0.79
2026 11,339,586 856,396 12,195,982 1,324,338 13,520,321 1,948 0.79
2027 11,399,398 856,396 12,255,794 1,324,338 13,580,133 1,958 0.79
2028 11,491,551 858,742 12,350,294 1,327,967 13,678,260 1,967 0.79
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iv. Potential Upside Scenario

Peak Forecast (MW)

Econometric | + | Net Load Added | = MP Delivered Load + Customer Gen. = MP System Peak
Sum Win Sum Win Sum Win Sum Win Sum Win Annual
2000 1,469 1,503 242 281 1,711 1,784 1,784 2000
2001 1,383 1,421 150 175 1,533 1,595 1,595 2001
2002 1,464 1,456 165 180 1,629 1,636 1,636 2002
2003 1,408 1,496 163 175 1,570 1,671 1,671 2003
2004 1,449 1,533 168 189 1,617 1,721 1,721 2004
2005 1,535 1,555 169 172 1,703 1,727 1,727 2005
2006 1,584 1,534 169 170 1,753 1,704 1,753 2006
2007 1,582 1,584 176 179 1,758 1,763 1,763 2007
2008 1,552 1,575 147 145 1,699 1,719 1,719 2008
2009 1,200 1,369 150 176 1,350 1,545 1,545 2009
2010 1,591 1,599 140 190 1,732 1,789 1,789 2010
2011 1,573 1,629 173 150 1,746 1,779 1,779 2011
2012 1,603 1,605 187 169 1,790 1,774 1,790 2012
2013 1,645 1,589 136 162 1,782 1,751 1,782 2013
2014 1,526 1,654 35 46 1,561 1,600 172 178 1,732 1,778 1,778 2014
2015 1,543 1,563 94 191 1,637 1,754 177 196 1,814 1,950 1,950 2015
2016 1,551 1,573 186 200 1,737 1,773 195 202 1,932 1,975 1,975 2016
2017 1,557 1,578 207 240 1,765 1,818 201 202 1,965 2,020 2,020 2017
2018 1,560 1,584 295 298 1,855 1,882 201 202 2,056 2,084 2,084 2018
2019 1,568 1,593 298 314 1,865 1,907 201 202 2,066 2,109 2,109 2019
2020 1,576 1,601 314 318 1,890 1,918 201 202 2,091 2,120 2,120 2020
2021 1,582 1,608 318 318 1,899 1,925 201 202 2,100 2,127 2,127 2021
2022 1,588 1,615 318 318 1,906 1,932 201 202 2,107 2,134 2,134 2022
2023 1,595 1,624 318 318 1,913 1,942 201 202 2,114 2,144 2,144 2023
2024 1,603 1,633 318 318 1,920 1,950 201 202 2,121 2,152 2,152 2024
2025 1,610 1,640 318 318 1,927 1,958 201 202 2,128 2,160 2,160 2025
2026 1,617 1,649 318 318 1,935 1,966 201 202 2,136 2,168 2,168 2026
2027 1,625 1,658 318 318 1,943 1,976 201 202 2,143 2,178 2,178 2027
2028 1,633 1,668 318 318 1,950 1,985 201 202 2,151 2,187 2,187 2028

Energy Sales Forecast (MWh)

| Econometric | + | Net Energy Added | = MP Delivered Energy + Customer Gen. =] System Energy Use MP System
Peak Load Factor

2000 10,245,420

2001 9,658,073

2002 10,160,143 1,187,858 11,348,001 1,636 0.79 2002
2003 9,846,294 1,232,635 11,078,929 1,671 0.76 2003
2004 10,324,412 1,267,728 11,592,140 1,721 0.77 2004
2005 10,531,272 1,258,895 11,790,167 1,727 0.78 2005
2006 10,649,101 1,195,070 11,844,171 1,753 0.77 2006
2007 10,680,514 1,252,965 11,933,479 1,763 0.77 2007
2008 10,839,446 1,276,158 12,115,604 1,719 0.80 2008
2009 8,065,088 1,108,014 9,173,102 1,545 0.68 2009
2010 10,417,414 1,299,292 11,716,706 1,789 0.75 2010
2011 10,988,200 1,422,107 12,410,307 1,779 0.80 2011
2012 11,107,357 1,200,317 12,307,674 1,790 0.78 2012
2013 10,985,809 10,985,809 1,185,139 12,170,948 1,782 0.78 2013
2014 10,808,736 197,504 11,006,240 1,251,630 12,257,870 1,778 0.79 2014
2015 10,819,363 635,938 11,455,301 1,286,450 12,741,751 1,950 0.75 2015
2016 10,907,299 1,349,278 12,256,577 1,422,746 13,679,323 1,975 0.79 2016
2017 10,927,293 1,347,118 12,274,411 1,462,483 13,736,895 2,020 0.78 2017
2018 10,941,302 1,863,436 12,804,739 1,462,483 14,267,222 2,084 0.78 2018
2019 10,990,052 2,049,739 13,039,792 1,462,483 14,502,275 2,109 0.79 2019
2020 11,076,125 2,144,396 13,220,521 1,466,490 14,687,011 2,120 0.79 2020
2021 11,091,367 2,165,517 13,256,885 1,462,483 14,719,368 2,127 0.79 2021
2022 11,136,481 2,165,517 13,301,998 1,462,483 14,764,481 2,134 0.79 2022
2023 11,191,079 2,165,517 13,356,596 1,462,483 14,819,080 2,144 0.79 2023
2024 11,269,910 2,171,450 13,441,360 1,466,490 14,907,850 2,152 0.79 2024
2025 11,296,276 2,165,517 13,461,794 1,462,483 14,924,277 2,160 0.79 2025
2026 11,355,051 2,165,517 13,520,568 1,462,483 14,983,052 2,168 0.79 2026
2027 11,415,048 2,165,517 13,580,565 1,462,483 15,043,048 2,178 0.79 2027
2028 11,508,208 2,171,450 13,679,658 1,466,490 15,146,148 2,187 0.79 2028
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v. Potential Downside Scenario

Peak Forecast (MW)

Econometric | + | Net Load Added | = MP Delivered Load + Customer Gen. = MP System Peak
Sum Win Sum Win Sum Win Sum Win Sum Win Annual
2000 1,469 1,503 242 281 1,711 1,784 1,784 2000
2001 1,383 1,421 150 175 1,533 1,595 1,595 2001
2002 1,464 1,456 165 180 1,629 1,636 1,636 2002
2003 1,408 1,496 163 175 1,570 1,671 1,671 2003
2004 1,449 1,533 168 189 1,617 1,721 1,721 2004
2005 1,535 1,555 169 172 1,703 1,727 1,727 2005
2006 1,584 1,534 169 170 1,753 1,704 1,753 2006
2007 1,582 1,584 176 179 1,758 1,763 1,763 2007
2008 1,552 1,575 147 145 1,699 1,719 1,719 2008
2009 1,200 1,369 150 176 1,350 1,545 1,545 2009
2010 1,591 1,599 140 190 1,732 1,789 1,789 2010
2011 1,573 1,629 173 150 1,746 1,779 1,779 2011
2012 1,603 1,605 187 169 1,790 1,774 1,790 2012
2013 1,645 1,589 136 162 1,782 1,751 1,782 2013
2014 1,523 1,547 30 12 1,553 1,559 172 173 1,725 1,732 1,732 2014
2015 1,537 1,557 30 20 1,567 1,577 172 180 1,738 1,758 1,758 2015
2016 1,542 1,565 1 (16) 1,543 1,549 179 190 1,722 1,739 1,739 2016
2017 1,548 1,522 4 53 1,552 1,575 189 190 1,741 1,765 1,765 2017
2018 1,549 1,672 (21) (18) 1,528 1,554 189 190 1,717 1,744 1,744 2018
2019 1,555 1,580 (18) (24) 1,537 1,556 189 190 1,726 1,746 1,746 2019
2020 1,563 1,518 (24) 0 1,539 1,518 189 190 1,728 1,708 1,728 2020
2021 1,568 1,593 (96) (96) 1,472 1,497 189 190 1,661 1,687 1,687 2021
2022 1,574 1,599 (96) (96) 1,478 1,503 189 190 1,667 1,693 1,693 2022
2023 1,580 1,608 (96) (96) 1,484 1,512 189 190 1,673 1,702 1,702 2023
2024 1,587 1,616 (96) (96) 1,491 1,520 189 190 1,680 1,710 1,710 2024
2025 1,593 1,623 (96) (96) 1,497 1,527 189 190 1,686 1,716 1,716 2025
2026 1,600 1,630 (96) (96) 1,504 1,534 189 190 1,693 1,724 1,724 2026
2027 1,606 1,639 (96) (96) 1,510 1,543 189 190 1,699 1,732 1,732 2027
2028 1,613 1,647 (96) (96) 1,517 1,551 189 190 1,706 1,740 1,740 2028

Energy Sales Forecast (MWh)

| Econometric | + | Net Energy Added | = MP Delivered Energy + Customer Gen. =] System Energy Use MP System
Peak Load Factor

2000 10,245,420

2001 9,658,073

2002 10,160,143 1,187,858 11,348,001 1,636 0.79 2002
2003 9,846,294 1,232,635 11,078,929 1,671 0.76 2003
2004 10,324,412 1,267,728 11,592,140 1,721 0.77 2004
2005 10,531,272 1,258,895 11,790,167 1,727 0.78 2005
2006 10,649,101 1,195,070 11,844,171 1,753 0.77 2006
2007 10,680,514 1,252,965 11,933,479 1,763 0.77 2007
2008 10,839,446 1,276,158 12,115,604 1,719 0.80 2008
2009 8,065,088 1,108,014 9,173,102 1,545 0.68 2009
2010 10,417,414 1,299,292 11,716,706 1,789 0.75 2010
2011 10,988,200 1,422,107 12,410,307 1,779 0.80 2011
2012 11,107,357 1,200,317 12,307,674 1,790 0.78 2012
2013 10,985,809 10,985,809 1,185,139 12,170,948 1,782 0.78 2013
2014 10,778,208 197,504 10,975,711 1,251,630 12,227,342 1,732 0.81 2014
2015 10,755,916 141,986 10,897,901 1,251,630 12,149,532 1,758 0.79 2015
2016 10,831,267 44,216 10,875,483 1,309,740 12,185,223 1,739 0.80 2016
2017 10,834,412 (159,504) 10,674,908 1,375,234 12,050,142 1,765 0.78 2017
2018 10,833,747 (456,854) 10,376,893 1,375,234 11,752,127 1,744 0.77 2018
2019 10,864,734 (433,876) 10,430,858 1,375,234 11,806,092 1,746 0.77 2019
2020 10,945,162 (481,005) 10,464,157 1,379,002 11,843,159 1,728 0.78 2020
2021 10,956,536 (1,015,802) 9,940,734 1,375,234 11,315,968 1,687 0.77 2021
2022 10,993,567 (1,015,802) 9,977,765 1,375,234 11,352,999 1,693 0.77 2022
2023 11,039,557 (1,015,802) 10,023,755 1,375,234 11,398,989 1,702 0.76 2023
2024 11,109,422 (1,018,585) 10,090,836 1,379,002 11,469,838 1,710 0.76 2024
2025 11,128,256 (1,015,802) 10,112,454 1,375,234 11,487,688 1,716 0.76 2025
2026 11,176,543 (1,015,802) 10,160,741 1,375,234 11,535,975 1,724 0.76 2026
2027 11,227,623 (1,015,802) 10,211,820 1,375,234 11,587,054 1,732 0.76 2027
2028 11,310,018 (1,018,585) 10,291,433 1,379,002 11,670,434 1,740 0.76 2028
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vi. Best Case Scenario

Peak Forecast (MW)

Econometric | + | Net Load Added | = MP Delivered Load + Customer Gen. = MP System Peak
Sum Win Sum Win Sum Win Sum Win Sum Win Annual
2000 1,469 1,503 242 281 1,711 1,784 1,784 2000
2001 1,383 1,421 150 175 1,533 1,595 1,595 2001
2002 1,464 1,456 165 180 1,629 1,636 1,636 2002
2003 1,408 1,496 163 175 1,570 1,671 1,671 2003
2004 1,449 1,533 168 189 1,617 1,721 1,721 2004
2005 1,535 1,555 169 172 1,703 1,727 1,727 2005
2006 1,584 1,534 169 170 1,753 1,704 1,753 2006
2007 1,582 1,584 176 179 1,758 1,763 1,763 2007
2008 1,552 1,575 147 145 1,699 1,719 1,719 2008
2009 1,200 1,369 150 176 1,350 1,545 1,545 2009
2010 1,591 1,599 140 190 1,732 1,789 1,789 2010
2011 1,573 1,629 173 150 1,746 1,779 1,779 2011
2012 1,603 1,605 187 169 1,790 1,774 1,790 2012
2013 1,645 1,589 136 162 1,782 1,751 1,782 2013
2014 1,526 1,561 35 46 1,561 1,607 172 178 1,733 1,784 1,784 2014
2015 1,548 1,569 94 197 1,642 1,765 177 192 1,819 1,957 1,957 2015
2016 1,557 1,580 196 254 1,753 1,834 191 192 1,944 2,026 2,026 2016
2017 1,565 1,586 261 299 1,826 1,885 191 145 2,017 2,030 2,030 2017
2018 1,569 1,593 437 449 2,005 2,042 144 112 2,149 2,154 2,154 2018
2019 1,577 1,604 457 523 2,034 2,126 111 112 2,145 2,238 2,238 2019
2020 1,587 1,613 563 691 2,151 2,304 111 112 2,261 2,416 2,416 2020
2021 1,594 1,621 691 691 2,285 2,312 111 112 2,396 2,424 2,424 2021
2022 1,601 1,629 691 691 2,292 2,320 111 112 2,403 2,432 2,432 2022
2023 1,610 1,639 691 691 2,301 2,330 111 112 2,411 2,442 2,442 2023
2024 1,618 1,649 691 691 2,309 2,340 111 112 2,420 2,452 2,452 2024
2025 1,626 1,658 691 691 2,317 2,349 111 112 2,427 2,461 2,461 2025
2026 1,634 1,667 691 691 2,325 2,358 111 112 2,436 2,470 2,470 2026
2027 1,643 1,678 691 691 2,334 2,369 111 112 2,445 2,481 2,481 2027
2028 1,652 1,689 691 691 2,343 2,380 111 112 2,454 2,492 2,492 2028

Energy Sales Forecast (MWh)

| Econometric | + | Net Energy Added | = MP Delivered Energy + Customer Gen. =] System Energy Use MP System
Peak Load Factor

2000 10,245,420

2001 9,658,073

2002 10,160,143 1,187,858 11,348,001 1,636 0.79 2002
2003 9,846,294 1,232,635 11,078,929 1,671 0.76 2003
2004 10,324,412 1,267,728 11,592,140 1,721 0.77 2004
2005 10,531,272 1,258,895 11,790,167 1,727 0.78 2005
2006 10,649,101 1,195,070 11,844,171 1,753 0.77 2006
2007 10,680,514 1,252,965 11,933,479 1,763 0.77 2007
2008 10,839,446 1,276,158 12,115,604 1,719 0.80 2008
2009 8,065,088 1,108,014 9,173,102 1,545 0.68 2009
2010 10,417,414 1,299,292 11,716,706 1,789 0.75 2010
2011 10,988,200 1,422,107 12,410,307 1,779 0.80 2011
2012 11,107,357 1,200,317 12,307,674 1,790 0.78 2012
2013 10,985,809 10,985,809 1,185,139 12,170,948 1,782 0.78 2013
2014 10,824,555 197,504 11,022,058 1,251,630 12,273,689 1,784 0.79 2014
2015 10,870,986 635,938 11,506,924 1,286,450 12,793,375 1,957 0.75 2015
2016 10,969,237 1,408,435 12,377,671 1,393,583 13,771,255 2,026 0.77 2016
2017 10,999,225 1,756,413 12,755,638 1,389,775 14,145,414 2,030 0.80 2017
2018 11,024,117 2,704,174 13,728,291 1,048,745 14,777,036 2,154 0.78 2018
2019 11,088,560 3,299,983 14,388,543 808,111 15,196,654 2,238 0.78 2019
2020 11,188,824 4,122,093 15,310,918 810,325 16,121,243 2,416 0.76 2020
2021 11,214,503 4,973,422 16,187,925 808,111 16,996,037 2,424 0.80 2021
2022 11,270,404 4,973,422 16,243,826 808,111 17,051,938 2,432 0.80 2022
2023 11,333,762 4,973,422 16,307,184 808,111 17,115,295 2,442 0.80 2023
2024 11,423,702 4,987,048 16,410,750 810,325 17,221,075 2,452 0.80 2024
2025 11,459,373 4,973,422 16,432,795 808,111 17,240,906 2,461 0.80 2025
2026 11,527,964 4,973,422 16,501,386 808,111 17,309,498 2,470 0.80 2026
2027 11,599,361 4,973,422 16,572,783 808,111 17,380,895 2,481 0.80 2027
2028 11,704,344 4,987,048 16,691,392 810,325 17,501,717 2,492 0.80 2028
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Sensitivities

Minnesota Power conducts tests to identify the sensitivity of the forecast to changes in weather
and large customer operation. The forecast sensitivities were developed for customer counts,
energy sales, and seasonal peak demand models to demonstrate a range of outcomes resulting
from these changes.

The following Base Case sensitivities and alternative forecast methods have been conducted on
the AFR 2014 forecasts:

e Trended Weather — Historical trend in weather is assumed instead of a 20 year average

e Extreme Weather — Historical extremes are assumed instead of a 20 year average

e Plug-in Electric Vehicle — Applies an estimate of the impact of PEV on the Minnesota
Power system

e Customer Contract Expiration — Assumes several of Minnesota Power’s largest
customers do not renew their current contracts with Minnesota Power.
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Trended Weather
Peak Forecast (MW)
Econometric | + | Net Load Added | = MP Delivered Load + Customer Gen. = MP System Peak
Sum Win Sum Win Sum Win Sum Win Sum Win Annual

2000 1,469 1,503 242 281 1,711 1,784 1,784 2000
2001 1,383 1,421 150 175 1,533 1,595 1,595 2001
2002 1,464 1,456 165 180 1,629 1,636 1,636 2002
2003 1,408 1,496 163 175 1,670 1,671 1,671 2003
2004 1,449 1,533 168 189 1,617 1,721 1,721 2004
2005 1,535 1,555 169 172 1,703 1,727 1,727 2005
2006 1,584 1,534 169 170 1,753 1,704 1,753 2006
2007 1,682 1,584 176 179 1,758 1,763 1,763 2007
2008 1,552 1,575 147 145 1,699 1,719 1,719 2008
2009 1,200 1,369 150 176 1,350 1,545 1,545 2009
2010 1,591 1,599 140 190 1,732 1,789 1,789 2010
2011 1,673 1,629 173 150 1,746 1,779 1,779 2011
2012 1,603 1,605 187 169 1,790 1,774 1,790 2012
2013 1,645 1,589 136 162 1,782 1,751 1,782 2013
2014 1,527 1,552 30 45 1,557 1,596 172 173 1,729 1,769 1,769 2014
2015 1,544 1,562 93 176 1,637 1,738 172 192 1,809 1,929 1,929 2015
2016 1,552 1,573 171 183 1,723 1,756 201 202 1,924 1,958 1,958 2016
2017 1,559 1,580 183 193 1,741 1,772 201 202 1,942 1,974 1,974 2017
2018 1,562 1,586 193 194 1,754 1,780 201 202 1,955 1,982 1,982 2018
2019 1,569 1,597 194 194 1,763 1,790 201 202 1,963 1,992 1,992 2019
2020 1,578 1,599 194 194 1,771 1,793 201 202 1,972 1,995 1,995 2020
2021 1,584 1,608 194 194 1,777 1,801 201 202 1,978 2,003 2,003 2021
2022 1,590 1,616 194 194 1,784 1,809 201 202 1,985 2,011 2,011 2022
2023 1,598 1,626 194 194 1,791 1,820 201 202 1,992 2,021 2,021 2023
2024 1,605 1,636 194 194 1,798 1,829 201 202 1,999 2,031 2,031 2024
2025 1,612 1,645 194 194 1,806 1,838 201 202 2,006 2,040 2,040 2025
2026 1,694 1,654 194 194 1,887 1,847 201 202 2,088 2,049 2,088 2026
2027 1,703 1,665 194 194 1,896 1,858 201 202 2,097 2,060 2,097 2027
2028 1,711 1,675 194 194 1,904 1,868 201 202 2,105 2,070 2,105 2028

Energy Sales Forecast (MWh)

| Econometric | + | Net Energy Added | = MP Delivered Energy + | Customer Gen. | =] System Energy Use MP System
Peak Load Factor

2000 10,243,434

2001 9,658,073

2002 10,160,143 1,187,858 11,348,001 1,636 0.79 2002
2003 9,846,294 1,232,635 11,078,929 1,671 0.76 2003
2004 10,324,412 1,267,728 11,592,140 1,721 0.77 2004
2005 10,531,271 1,258,895 11,790,166 1,727 0.78 2005
2006 10,649,101 1,195,070 11,844,171 1,753 0.77 2006
2007 10,680,509 1,252,965 11,933,474 1,763 0.77 2007
2008 10,839,446 1,276,158 12,115,604 1,719 0.80 2008
2009 8,065,090 1,108,014 9,173,104 1,545 0.68 2009
2010 10,417,422 1,299,292 11,716,714 1,789 0.75 2010
2011 10,988,200 1,422,107 12,410,307 1,779 0.80 2011
2012 11,107,358 1,200,317 12,307,675 1,790 0.78 2012
2013 10,985,809 10,985,809 1,185,139 12,170,948 1,782 0.78 2013
2014 10,815,714 197,504 11,013,218 1,251,630 12,264,848 1,769 0.79 2014
2015 10,829,543 635,938 11,465,481 1,286,450 12,751,931 1,929 0.75 2015
2016 10,919,740 1,304,421 12,224,161 1,422,746 13,646,907 1,958 0.79 2016
2017 10,937,846 1,213,426 12,151,273 1,462,483 13,613,756 1,974 0.79 2017
2018 10,952,084 1,286,636 12,238,720 1,462,483 13,701,204 1,982 0.79 2018
2019 11,001,346 1,294,783 12,296,129 1,462,483 13,758,612 1,992 0.79 2019
2020 11,092,148 1,298,331 12,390,478 1,466,490 13,856,969 1,995 0.79 2020
2021 11,104,555 1,294,783 12,399,338 1,462,483 13,861,822 2,003 0.79 2021
2022 11,150,747 1,294,783 12,445,530 1,462,483 13,908,013 2,011 0.79 2022
2023 11,206,047 1,294,783 12,500,831 1,462,483 13,963,314 2,021 0.79 2023
2024 11,288,558 1,298,331 12,586,889 1,466,490 14,053,379 2,031 0.79 2024
2025 11,312,714 1,294,783 12,607,497 1,462,483 14,069,981 2,040 0.79 2025
2026 11,371,798 1,294,783 12,666,581 1,462,483 14,129,064 2,088 0.77 2026
2027 11,432,958 1,294,783 12,727,741 1,462,483 14,190,225 2,097 0.77 2027
2028 11,529,630 1,298,331 12,827,961 1,466,490 14,294,451 2,105 0.77 2028
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Extreme Weather

Peak Forecast (MW)

Econometric | + | Net Load Added | = MP Delivered Load + Customer Gen. = MP System Peak
Sum Win Sum Win Sum Win Sum Win Sum Win Annual
2000 1,469 1,503 242 281 1,711 1,784 1,784 2000
2001 1,383 1,421 150 175 1,533 1,595 1,595 2001
2002 1,464 1,456 165 180 1,629 1,636 1,636 2002
2003 1,408 1,496 163 175 1,570 1,671 1,671 2003
2004 1,449 1,533 168 189 1,617 1,721 1,721 2004
2005 1,535 1,555 169 172 1,703 1,727 1,727 2005
2006 1,584 1,534 169 170 1,753 1,704 1,753 2006
2007 1,582 1,584 176 179 1,758 1,763 1,763 2007
2008 1,552 1,575 147 145 1,699 1,719 1,719 2008
2009 1,200 1,369 150 176 1,350 1,545 1,545 2009
2010 1,591 1,599 140 190 1,732 1,789 1,789 2010
2011 1,573 1,629 173 150 1,746 1,779 1,779 2011
2012 1,603 1,605 187 169 1,790 1,774 1,790 2012
2013 1,645 1,589 136 162 1,782 1,751 1,782 2013
2014 1,603 1,573 30 50 1,633 1,622 172 170 1,805 1,792 1,805 2014
2015 1,621 1,578 93 176 1,713 1,753 172 189 1,885 1,943 1,943 2015
2016 1,628 1,590 171 185 1,800 1,776 201 202 2,000 1,978 2,000 2016
2017 1,635 1,594 183 193 1,818 1,786 201 199 2,018 1,985 2,018 2017
2018 1,638 1,598 193 194 1,830 1,792 201 199 2,031 1,991 2,031 2018
2019 1,645 1,603 194 194 1,839 1,796 201 201 2,039 1,997 2,039 2019
2020 1,653 1,612 194 194 1,847 1,806 201 199 2,048 2,005 2,048 2020
2021 1,660 1,618 194 194 1,853 1,811 201 201 2,054 2,012 2,054 2021
2022 1,666 1,623 194 194 1,859 1,817 201 202 2,060 2,019 2,060 2022
2023 1,673 1,633 194 194 1,866 1,826 201 202 2,067 2,028 2,067 2023
2024 1,680 1,642 194 194 1,874 1,835 201 202 2,074 2,037 2,074 2024
2025 1,687 1,649 194 194 1,881 1,843 201 202 2,082 2,044 2,082 2025
2026 1,695 1,657 194 194 1,888 1,851 201 202 2,089 2,053 2,089 2026
2027 1,702 1,667 194 194 1,896 1,861 201 202 2,097 2,062 2,097 2027
2028 1,710 1,676 194 194 1,904 1,870 201 202 2,104 2,072 2,104 2028

Energy Sales Forecast (MWh)

| Econometric | + | Net Energy Added | = MP Delivered Energy + | Customer Gen. | =] System Energy Use MP System
Peak Load Factor

2000 10,243,434

2001 9,658,073

2002 10,160,143 1,187,858 11,348,001 1,636 0.79 2002
2003 9,846,294 1,232,635 11,078,929 1,671 0.76 2003
2004 10,324,412 1,267,728 11,592,140 1,721 0.77 2004
2005 10,531,271 1,258,895 11,790,166 1,727 0.78 2005
2006 10,649,101 1,195,070 11,844,171 1,753 0.77 2006
2007 10,680,509 1,252,965 11,933,474 1,763 0.77 2007
2008 10,839,446 1,276,158 12,115,604 1,719 0.80 2008
2009 8,065,090 1,108,014 9,173,104 1,545 0.68 2009
2010 10,417,422 1,299,292 11,716,714 1,789 0.75 2010
2011 10,988,200 1,422,107 12,410,307 1,779 0.80 2011
2012 11,107,358 1,200,317 12,307,675 1,790 0.78 2012
2013 10,985,809 10,985,809 1,185,139 12,170,948 1,782 0.78 2013
2014 10,915,663 197,504 11,113,166 1,251,630 12,364,796 1,805 0.78 2014
2015 10,962,708 635,938 11,598,646 1,286,450 12,885,096 1,943 0.76 2015
2016 11,052,881 1,304,421 12,357,302 1,422,746 13,780,048 2,000 0.78 2016
2017 11,070,948 1,213,426 12,284,374 1,462,483 13,746,858 2,018 0.78 2017
2018 11,085,691 1,286,636 12,372,328 1,462,483 13,834,811 2,031 0.78 2018
2019 11,135,205 1,294,783 12,429,988 1,462,483 13,892,471 2,039 0.78 2019
2020 11,226,590 1,298,331 12,524,921 1,466,490 13,991,411 2,048 0.78 2020
2021 11,238,716 1,294,783 12,533,499 1,462,483 13,995,982 2,054 0.78 2021
2022 11,285,063 1,294,783 12,579,846 1,462,483 14,042,329 2,060 0.78 2022
2023 11,340,518 1,294,783 12,635,301 1,462,483 14,097,785 2,067 0.78 2023
2024 11,423,461 1,298,331 12,721,791 1,466,490 14,188,281 2,074 0.78 2024
2025 11,447,195 1,294,783 12,741,978 1,462,483 14,204,461 2,082 0.78 2025
2026 11,506,214 1,294,783 12,800,997 1,462,483 14,263,481 2,089 0.78 2026
2027 11,567,339 1,294,783 12,862,122 1,462,483 14,324,605 2,097 0.78 2027
2028 11,664,453 1,298,331 12,962,783 1,466,490 14,429,274 2,104 0.78 2028
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Econometric | + | PEV Load Added | + | Net Load Added |= [MP Delivered Load| + | Customer Gen. | = MP System Peak
Sum Win Sum Win Sum Win Sum Win Sum Win Sum  Win Annual
2000 1,469 1,503 242 281 1,711 1,784 1,784 2000
2001 1,383 1,421 150 175 1,533 1,595 1,595 2001
2002 1,464 1,456 165 180 1,629 1,636 1,636 2002
2003 1,408 1,496 163 175 1,570 1,671 1,671 2003
2004 1,449 1,533 168 189 1,617 1,721 1,721 2004
2005 1,535 1,555 169 172 1,703 1,727 1,727 2005
2006 1,584 1,534 169 170 1,753 1,704 1,754 2006
2007 1,582 1,584 176 179 1,758 1,763 1,763 2007
2008 1,552 1,575 147 145 1,699 1,719 1,719 2008
2009 1,200 1,369 150 176 1,350 1,545 1,545 2009
2010 1,591 1,599 140 190 1,732 1,789 1,789 2010
2011 1,573 1,629 173 150 1,746 1,779 1,779 2011
2012 1,603 1,605 187 169 1,790 1,774 1,790 2012
2013 1,645 1,589 136 162 1,782 1,751 1,750 2013
2014 1,526 1,554 0.0 0.1 35 50 1,561 1,604 172 173 1,732 1,777 1,777 2014
2015 1,543 1,563 0.0 0.1 98 181 1,641 1,744 172 192 1,812 1,936 1,936 2015
2016 1,551 1,573 0.1 0.2 176 188 1,727 1,761 201 202 1,928 1,963 1,963 2016
2017 1,557 1,578 0.1 0.3 188 198 1,745 1,776 201 202 1,946 1,978 1,978 2017
2018 1,560 1,584 0.1 04 198 199 1,758 1,783 201 202 1,959 1,985 1,985 2018
2019 1,567 1,593 0.1 0.5 199 199 1,766 1,792 201 202 1,967 1,994 1,994 2019
2020 1,576 1,601 0.2 0.6 199 199 1,774 1,800 201 202 1,975 2,002 2,002 2020
2021 1,582 1,608 0.2 0.8 199 199 1,780 1,807 201 202 1,981 2,009 2,009 2021
2022 1,588 1,614 0.3 0.9 199 199 1,787 1,814 201 202 1,988 2,016 2,016 2022
2023 1,595 1,624 0.3 1.2 199 199 1,794 1,823 201 202 1,995 2,025 2,025 2023
2024 1,602 1,632 0.4 14 199 199 1,801 1,832 201 202 2,002 2,034 2,034 2024
2025 1,609 1,640 0.4 1.7 199 199 1,808 1,840 201 202 2,009 2,042 2,042 2025
2026 1,617 1,648 0.5 2.0 199 199 1,816 1,849 201 202 2,017 2,051 2,051 2026
2027 1,625 1,658 0.6 23 199 199 1,824 1,859 201 202 2,025 2,061 2,061 2027
2028 1,632 1,667 0.7 2.7 199 199 1,831 1,868 201 202 2,032 2,070 2,070 2028
Energy Sales Forecast (MWh)
Econometric | + |PEV Energy Addedl + |Net Energy Added| = MP Delivered Energy + [Customer Gen.| = Bystem Energy Us{ MP System
Peak Load Factor
2000 10,245,420
2001 9,658,073
2002 10,160,143 1,187,858 11,348,001 1,636 0.79 2002
2003 9,846,294 1,232,635 11,078,929 1,671 0.76 2003
2004 10,324,412 1,267,728 11,592,140 1,721 0.77 2004
2005 10,531,272 1,258,895 11,790,167 1,727 0.78 2005
2006 10,649,101 1,195,070 11,844,171 1,754 0.77 2006
2007 10,680,514 1,252,965 11,933,479 1,763 0.77 2007
2008 10,839,446 1,276,158 12,115,604 1,719 0.80 2008
2009 8,065,088 1,108,014 9,173,102 1,545 0.68 2009
2010 10,417,414 1,299,292 11,716,706 1,789 0.75 2010
2011 10,988,200 1,422,107 12,410,307 1,779 0.80 2011
2012 11,107,357 1,200,317 12,307,674 1,790 0.78 2012
2013 10,985,809 1,185,139 12,170,948 1,782 0.78 2013
2014 10,808,480 1,082 197,504 11,007,066 1,251,630 12,258,696 1,777 0.79 2014
2015 10,819,622 1,724 635,938 11,457,284 1,286,450 12,743,734 1,936 0.75 2015
2076 ~ 10,906,285 2,602 1,304,421 12,213,309 1,422,746 13,636,054 1,963 0.79 2016
2017 10,926,100 3,773 1,213,426 12,143,300 1,462,483 13,605,783 1,978 0.79 2017
2018 10,939,368 4,921 1,286,636 12,230,925 1,462,483 13,693,409 1,985 0.79 2018
2019 10,987,659 6,361 1,294,783 12,288,803 1,462,483 13,751,286 1,994 0.79 2019
2020 11,074,743 8,123 1,298,331 12,381,196 1,466,490 13,847,687 2,002 0.79 2020
2021 11,088,873 10,232 1,294,783 12,393,888 1,462,483 13,856,372 2,009 0.79 2021
2022 11,134,063 12,711 1,294,783 12,441,558 1,462,483 13,904,041 2,016 0.79 2022
2023 11,188,371 15,576 1,294,783 12,498,729 1,462,483 13,961,213 2,025 0.79 2023
2024 11,267,085 18,843 1,298,331 12,584,259 1,466,490 14,050,749 2,034 0.79 2024
2025 11,293,034 22,528 1,294,783 12,610,345 1,462,483 14,072,829 2,042 0.79 2025
2026 11,351,103 26,640 1,294,783 12,672,527 1,462,483 14,135,010 2,051 0.79 2026
2027 11,411,239 31,187 1,294,783 12,737,209 1,462,483 14,199,692 2,061 0.79 2027
2028 11,503,999 35,726 1,298,331 12,838,056 1,466,490 14,304,547 2,070 0.79 2028
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Current Contract | + | Contract Lost = MP Delivered Load + Customer Gen. = MP System Peak
Sum Win Sum Win Sum Win Sum Win Sum Win Annual

2000 1,469 1,503 242 281 1,711 1,784 1,784
2001 1,383 1,421 150 175 1,533 1,595 1,595
2002 1,464 1,456 165 180 1,629 1,636 1,636
2003 1,408 1,496 163 175 1,570 1,671 1,671
2004 1,449 1,533 168 189 1,617 1,721 1,721
2005 1,535 1,655 169 172 1,703 1,727 1,727
2006 1,584 1,634 169 170 1,753 1,704 1,753
2007 1,582 1,584 176 179 1,758 1,763 1,763
2008 1,552 1,575 147 145 1,699 1,719 1,719
2009 1,200 1,369 150 176 1,350 1,545 1,545
2010 1,591 1,599 140 190 1,732 1,789 1,789
2011 1,573 1,629 173 150 1,746 1,779 1,779
2012 1,603 1,605 187 169 1,790 1,774 1,790
2013 1,645 1,589 136 162 1,782 1,751 1,782
2014 1,526 1,554 0 0 1,526 1,554 172 173 1,697 1,727 1,727
2015 1,543 1,563 (17) (17) 1,526 1,546 172 177 1,698 1,723 1,723
2016 1,551 1,673 (54) (54) 1,497 1,519 176 183 1,673 1,702 1,702
2017 1,557 1,678 (59) (82) 1,498 1,496 182 183 1,680 1,679 1,680
2018 1,560 1,584 (703) (712) 857 872 182 183 1,039 1,055 1,055
2019 1,567 1,593 (712) (719) 855 874 182 183 1,037 1,057 1,057
2020 1,576 1,601 (719) (719) 857 882 182 183 1,039 1,064 1,064
2021 1,582 1,608 (719) (719) 863 889 182 183 1,045 1,071 1,071
2022 1,588 1,614 (719) (774) 869 840 182 183 1,051 1,023 1,051
2023 1,595 1,624 (774) (774) 821 850 182 183 1,003 1,033 1,033
2024 1,602 1,632 (774) (774) 828 858 182 183 1,010 1,041 1,041
2025 1,609 1,640 (774) (774) 835 866 182 183 1,017 1,049 1,049
2026 1,617 1,648 (774) (774) 843 874 182 183 1,024 1,057 1,057
2027 1,625 1,658 (774) (774) 850 884 182 183 1,032 1,067 1,067
2028 1,632 1,667 (774) (774) 858 893 182 183 1,040 1,076 1,076
Energy Sales Forecast (MWh)

Moderate Grow th | + | Net Energy Added = MP Delivered Energy + | Customer Gen. =] System Energy Use MP System

Peak Load Factor

2000 10,245,420
2001 9,658,073
2002 10,160,143 1,187,858 11,348,001 1,636 0.79
2003 9,846,294 1,232,635 11,078,929 1,671 0.76
2004 10,324,412 1,267,728 11,592,140 1,721 0.77
2005 10,531,272 1,258,895 11,790,167 1,727 0.78
2006 10,649,101 1,195,070 11,844,171 1,753 0.77
2007 10,680,514 1,252,965 11,933,479 1,763 0.77
2008 10,839,446 1,276,158 12,115,604 1,719 0.80
2009 8,065,088 1,108,014 9,173,102 1,545 0.68
2010 10,417,414 1,299,292 11,716,706 1,789 0.75
2011 10,988,200 1,422,107 12,410,307 1,779 0.80
2012 11,107,357 1,200,317 12,307,674 1,790 0.78
2013 10,985,809 1,185,139 12,170,948 1,782 0.78
2014 11,005,984 0 11,005,984 1,251,630 12,257,614 1,727 0.81
2015 11,455,560 (69,066) 11,386,493 1,251,630 12,638,124 1,723 0.84
2016 12,210,706 (287,702) 11,923,004 1,284,222 13,207,226 1,702 0.89
2017 12,139,526 (455,510) 11,684,016 1,324,338 13,008,354 1,680 0.88
2018 12,226,004 (3,183,804) 9,042,201 1,324,338 10,366,539 1,055 112
2019 12,282,442 (5,738,150) 6,544,292 1,324,338 7,868,630 1,057 0.85
2020 12,373,073 (5,810,440) 6,562,633 1,327,967 7,890,599 1,064 0.85
2021 12,383,656 (5,794,565) 6,589,091 1,324,338 7,913,430 1,071 0.84
2022 12,428,847 (5,794,565) 6,634,282 1,324,338 7,958,620 1,051 0.86
2023 12,483,154 (6,237,821) 6,245,333 1,324,338 7,569,671 1,033 0.84
2024 12,565,416 (6,256,130) 6,309,286 1,327,967 7,637,253 1,041 0.84
2025 12,587,817 (6,240,239) 6,347,579 1,324,338 7,671,917 1,049 0.83
2026 12,645,886 (6,240,239) 6,405,648 1,324,338 7,729,986 1,057 0.83
2027 12,706,022 (6,240,239) 6,465,784 1,324,338 7,790,122 1,067 0.83
2028 12,802,330 (6,257,335) 6,544,995 1,327,967 7,872,961 1,076 0.84
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3. Other Information

A. Subject of Assumption

Section 7610.0320, Subpart 4, lists specific assumptions to be discussed. The following list
contains the discussion of each assumption and Minnesota Power’s response.

e Assumptions made regarding the availability of alternative sources of energy.
o Minnesota Power makes no assumptions regarding the availability of alternative
sources of energy.
e Assumptions made regarding expected conversion from other fuels to electricity or vice
versa.
o Minnesota Power’s assumptions regarding conversion are explicitly included in
the saturation rates for electric heating.
e Assumptions made regarding future prices of electricity for customers and the effect that
such prices would have on system demand.
o See Section 1.C.
e Assumptions made in arriving at the data requested (historical reporting).
o Minnesota Power makes no such assumptions.
e Assumptions made regarding the effect of existing energy conservations programs under
Federal or State legislation on long-term electricity demand
o See Demand Side Management above.
e Assumptions made regarding the projected effect of new conservations programs the
utility deems likely to occur through Fed or State.
o See Section 1.F.
e Assumptions made regarding current and future saturation levels of appliances and
electric space heating.
o See Section 1.F.

B. Coordination of Forecasts with Other Systems

Minnesota Power is a member of the Midwest Reliability Organization, the Midcontinent
Independent System Operator, Edison Electric Institute (EEI), Upper Midwest Utility Forecasters
(UMUF), and other trade associations. While each member of these groups independently
determines its power requirements, periodic meetings are held to share information and discuss
forecasting techniques and methodologies.
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C. Compliance with 7610.0320 Forecast Documentation

Statute or Rule

Requirement

Reference Section

7610.0320, Subp. 1(A)

The overall methodological framework that
is used.

Section 1.A

7610.0320, Subp. 1(B)

The specific analytical techniques that are
used, their purpose, and the components of
the forecast to which they have been
applied.

Sections 1.D, 1.F

7610.0320, Subp. 1(C)

The manner in which these specific
techniques are related in producing the
forecast.

Section 1.D

7610.0320, Subp. 1(D)

The purpose of the technique, typical
computations specifying variables and data,
and the results of appropriate statistical
tests.

Section 1.F

7610.0320, Subp. 1(E)

Forecast confidence levels or ranges of
accuracy for annual peak demand and
annual electrical consumption.

Section 1.F

7610.0320, Subp. 1(F)

A brief analysis of the methodology used,
including its strengths and weaknesses, its
suitability to the system, cost considerations,
data requirements, past accuracy, and any
other factors considered significant to the
utility.

Sections 1.B, 1.F

7610.0320, Subp. 2(A)

A complete list of data sets used in making
the forecast, including a brief description of
each data set and an explanation of how
each was obtained, or a citation to the
source.

Sections 1.C

7610.0320, Subp. 2(B)

A clear identification of any adjustments
made to the raw data to adapt them for use
in forecasts, including the nature of the
adjustment, the reason for the adjustment,
and the magnitude of the adjustment.

Section 1.F

7610.0320, Subp. 3

Discussion of essential assumptions.

Sections 1.E, 1.F

forecasts are coordinated.

7610.0320, Subp. 4 Subject of assumption. Section 3
7610.0320, Subp. 5(A) | Description of the extent to which the utility | Section 3
coordinates its load forecasts with those of
other systems.
7610.0320, Subp. 5(B) | Description of the manner in which such Section 3

7/15/2014
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7610.0120 REGISTRATION

David J. McMillan

Senior Vice President, External Affairs

DATE

ENTITY ID# 68 Number of Power Plants 18
REPORT YEAR 2013
UTILITY DETAILS CONTACT INFORMATION
UTILITY NAME Minnesota Power CONTACT NAME Julie Pierce
STREET ADDRESS 30 West Superior Street CONTACT TITLE Manager - Resource Planning
CITY  Duluth CONTACT STREET ADDRESS 30 West Superior Street
STATE MN CITY Duluth
ZIP CODE  55802-2093 STATE MN
TELEPHONE  218-722-5642 ZIP CODE 55802-2093
TELEPHONE (218) 722-5642 x 3829
*UTILITY TYPE Private CONTACT E-MAIL  Jpierce@Mnpower.com
UTILITY OFFICERS PREPARER INFORMATION
NAME TITLE PERSON PREPARING FORMS
Alan R. Hodnik Chairman, President, and Chief Executive Officer PREPARER'S TITLE

Deborah A. Amberg

Senior Vice President, General Counsel and Secretary

Steven Q. DeVinck

Senior Vice President and Chief Financial Officer

Allan S. Rudeck, Jr.

Vice President, Strategy & Planning

Robert J. Adams

Vice President,Energy Centric Businesses and ALLETE Chief Risk Officer

Donald W. Stellmaker

Vice President, Corporate Treasurer

Timothy J. Thorp

Vice President, Investor Relations

Bonnie A. Keppers

Vice President, Human Resources

Patrick K. Mullen

Vice President, Marketing & Corporate Communications

Margaret L. Hodnik

Vice President, Regulatory & Legislative Affairs

COMMENTS

Jeffrey J. Paulseth

Vice President, Generation

Christopher E. Fleege

Vice President, Transmission and Distribution

Bethany Owen

Vice President, Information Technology Solutions

Bradley W. Oachs

Chief Operating Officer

Steve Morris

Controller

ALLOWABLE UTILITY TYPES

Code
Private
Public
Co-op
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MINNESOTA ELECTRIC UTILITY ANNUAL REPORT (Continued)

7610.0150 FEDERAL OR STATE DATA SUBSTITUTION

FILING CYCLE

(enter an "X" in the cell)

FEDERAL AGENCY FORM NUMBER FORM TITLE MONTHLY YEARLY OTHER
FERC FERC-1 Annual FERC Report X
FERC FERC-5 Statement of Electric Operating Revenue and Income X
FERC FERC-45 Part 45 Informational Report X
FERC FERC-67 Steam Electric Plant, Air and Water Survey X
FERC FERC-80 Licensed Projects Recreation Report X
FERC FERC-82 Retail Rate Level Change X
DOE/EIA EIA-411 Coordinated Bulk Power Supply Program X
DOE/EIA EIA-412 Annual Electric Industry Financial Report (Unregulated) X
DOE/EIA EIA-423 Report of Cost and Quality of Fuels for Electric Plant (Unregulated) X
FERC FERC-423 Fuel Data X
FERC FERC-469 Statement of Gross Generation by Licensed Projects X
FERC FERC-472 Regulation Number 582 - Assessment Calculation X
DOE/EIA DOE-510 Response to FERC Operation Report X
(Written Communication for each Licensed Project)
FERC FERC-561 Interlocking Directors and Officers X
FERC FERC-566 Twenty Largest Customers X
DOE/EIA EIA-714 Electric Power System Report X
DOE/EIA EIA-767 Steam Electric Plant Air and Water Quality Control Data X
DOE/EIA EIA-906 Power Plant Report (Regulated Facilities) X
DOE/EIA EIA-906 Power Plant Report (Unregulated Facilities) X
DOE/EIA FE781R Report of International Electric Import/Export X
DOE/EIA EIA-826 Electric Utility Sales and Revenue Report with Distributions X
DOE/EIA EIA-860 Electric Generator Report (Regulated Facilities) X
DOE/EIA EIA-860 Electric Generator Report (Unregulated Facilities) X
DOE/EIA EIA-861 Electric Utility Report (Regulated) X
DOE/EIA EIA-861 Electric Utility Report (Unregulated) X
DOE/EIA EIA-886 Alternative Fueled Vehicles/Transportation Fuels Report X
DOE/EIA EIA-196 Order Authorizing Electricity Exports to Canada X
FERC FERC-69 PURPA Avoided Capacity Cost Filing X
FRB NAICS/SIC Listing of Electricity Delivered X
SEC Form 10-K Annual SEC Report X
SEC Form 10-Q Quarterly SEC Report X
SEC Form 8-K Current SEC Report X
SEC Form S-8 SEC Registration Statement S-8 X
SEC Form S-3 SEC Registration Statement S-3 X
SEC Form 3 Initial Statement of Beneficial Ownership of Securities X
SEC Form 4 Statement of Changes of Beneficial Ownership of Securities X
SEC Form 5 Annual Statement of Beneficial Ownership of Securities X
SEC Proxy Definitive Proxy Statement X
SEC U-3A-2 Statement by Holding Company Claiming Exemption Under X
Rule U-3A-2 from the Provisions of the Public Utility
Holding Company Act of 1935
SEC Form 11-K Annual Report for RSOP X
SEC Form 15 Certification and Notification of Termination of Registration X
SEC Form S-1 SEC Registration Statement X
COMMENTS
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MINNESOTA ELECTRIC UTILITY ANNUAL REPORT (Continued)

7610.0600 OTHER INFORMATION REPORTED ANNUALLY
A utility shall provide the following information for the last calendar year:

See "LargestCustomers" worksheet for data entry.

C. MINNESOTA SERVICE AREA MAP

See Instructions for details of the information required on the Minnesota Service Area Map.

D. PURCHASES AND SALES FOR RESALE MWH MWH
UTILITY NAME INTERCONNECTED UTILITY PURCHASED

Dahlberg Light & Power 115,816

Superior Water Light & Power 701,845

City of Aitkin 38,878

City of Biwabik 7,259

City of Brainerd 202,882

City of Buhl 8,183

City of Ely 40,422

City of Gilbert 11,671

City of Grand Rapids 177,955

City of Keewatin 6,069

City of Mountain Iron 14,803

City of Nashwauk 11,005

City of Pierz 10,754

City of Proctor 26,834

City of Randall 5,242

City of Two Harbors 29,859

City of Hibbing 162,239

City of Virginia 129,277

Other Non-Required Sales 2,278,253

Non-Associated Utilities/Other 348,045

Municipals

Other Cooperatives 20,173

Square Butte Electric Power 1,254,622

Non-Utilities 86,300

Power Marketers 47,250

Other Public Authorities 1,905,070

Utility 3

Foreign 268,564

City of Wadena Western Area Power Administration 72,983 72,983

City of Staples Western Area Power Administration 23,905 23,905

Great River Energy Great River Energy 2,545,857 2,462,598

ES&AO Minnkota Power 1,255,445 1,255,445
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MINNESOTA ELECTRIC UTILITY ANNUAL REPORT (Continued)

A utility shall provide the following information for the last calendar year:

E. RATE SCHEDULES

See Instructions for details of the information required on the Rate Schedules and Monthly Power Cost Adjustments.

Billing Month Retail Fuel Adjustments

Jun-13 $0.0103
Jul-13 $0.0110
Aug-13 $0.0098
Sep-13 $0.0098
Oct-13 $0.0106
Nov-13 $0.0122
Dec-13 $0.0121
Jan-14 $0.0112
Feb-14 $0.0128
Mar-14 $0.0139
Apr-14 $0.0118
May-14 $0.0105
Jun-14 $0.0015

F. REPORT FORM EIA-861

A copy of the report form EIA-861 filed with the Energy Information Administration of the US Dept. of Energy must be submitted.

G. FINANCIAL AND
STATISTICAL REPORT

For rural electric cooperatives, a copy of the Financial and Statistical Report to the US Dept of Agriculture must be submitted.

H. GENERATION DATA

If the utility has Minnesota power plants, enter the fuel requirements and generation data on the Plant1, Plant2, etc. worksheets.

|. ELECTRIC USE BY MINNESOTA RESIDENTIAL SPACE HEATING USERS
See Instructions for details of the information required for residential space heating users.

COL. 1 COL. 2 COL.3
NO. OF RESIDENTIAL NO. OF RESIDENTIAL UNITS TOTAL MWH
ELECTRICAL SPACE SERVED WITH ELECTRICAL USED BY THESE
HEATING CUSTOMERS SPACE HEATING CUSTOMERS AND UNITS
13,897 13,897 193,320

Comments
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MINNESOTA ELECTRIC UTILITY ANNUAL REPORT (Continued)

7610.0600 OTHER INFORMATION REPORTED ANNUALLY (continued)

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report

J. ITS DELIVERIES TO ULTIMATE CONSUMERS BY COUNTY FOR THE LAST CALENDAR YEAR
ENERGY DELIVERED TO ULTIMATE CONSUMERS BY COUNTY
COUNTY COUNTY MWH COUNTY COUNTY MWH
CODE NAME DELIVERED CODE NAME DELIVERED

1 Aitkin 46 Martin

2 Anoka 47 Meeker

3 Becker 48 Mille Lacs

4 Beltrami 49 Morrison 293675

5 Benton 25329 50 Mower

6 Big Stone 51 Murray

7 Blue Earth 52 Nicollet

8 Brown 53 Nobles

9 Carlton 462260 54 Norman

10 Carver 55 Olmstead

11 Cass 123623 56 Otter Tail 529

12 Chippewa 57 Pennington

13 Chisago 58 Pine 74562

14 Clay 59 Pipestone

15 Clearwater 60 Polk

16 Cook 61 Pope

17 Cottonwood 62 Ramsey

18 Crow Wing 134722 63 Red Lake

19 Dakota 64 Redwood

20 Dodge 65 Renville

21 Douglas 66 Rice

22 Faribault 67 Rock

23 Fillmore 68 Roseau

24 Freeborn 69 St. Louis 7206995

25 Goodhue 70 Scott

26 Grant 71 Sherburne

27 Hennepin 72 Sibley

28 Houston 73 Stearns 7738

29 Hubbard 98866 74 Steele

30 Isanti 75 Stevens

31 Itasca 297340 76 Swift

32 Jackson 77 Todd 205321

33 Kanabec 78 Traverse

34 Kandiyohi 79 Wabasha

35 Kittson 80 Wadena 97386

36 Koochiching 175843 81 Waseca

37 Lac Qui Parle 82 Washington

38 Lake 80627 83 Watonwan

39 Lake of the Woods 84 Wilkin

40 Le Sueur 85 Winona

41 Lincoln 86 Wright

42 Lyon 87 Yellow Medicine

43 McLeod

44 Mahnomen GRAND TOTAL (Entered) 9284816

45 Marshall

GRAND TOTAL (Calculated) 11192848161

COMMENTS

<= (Should equal "Megawatt-hours"

column total on ElectricityByClass worksheet)



MINNESOTA ELECTRIC UTILITY ANNUAL REPORT (Continued)

7610.0600 OTHER INFORMATION REPORTED ANNUALLY (continued)

J. ITS DELIVERIES TO ULTIMATE CONSUMERS BY MONTH FOR THE LAST CALENDAR YEAR
See Instructions for details of the information required concerning electricity delivered to ultimate consumers.
A B C D E F G H I
Past Year Residential Small Large Street & Other Total
Entire Non-Farm With Commercial Commercial Highway (Include (Columns A
System Residential Space Heat Farm & Industrial Irrigation & Industrial Lighting Municipals) through H)
January No. of Customers 104,962 13,891 2,408 22,020 8 395 7,433 287 151,404
MWH 93,138 29,681 6,544 107,176 422,039 170,543 1,872 4,263 835,256
February No. of Customers 104,745 13,895 2,403 21,907 8 396 7,536 285 151,175
MWH 64,815 30,944 6,475 104,617 384,876 155,608 1,575 4,445 753,354
March No. of Customers 104,774 13,869 2,405 21,869 8 395 7,622 286 151,228
MWH 63,385 25,689 5,986 112,689 418,241 178,460 1,477 4,407 810,334
April No. of Customers 104,775 13,846 2,397 21,898 8 394 8,060 288 151,666
MWH 63,527 22,243 5,867 94,990 353,641 167,441 1,222 4,241 713,172
May No. of Customers 105,012 13,896 2,404 21,905 8 393 8,918 289 152,825
MWH 55,005 15,677 5,217 95,218 416,509 154,783 1,186 2,899 746,493
June No. of Customers 105,901 13,935 2,405 21,781 8 393 9,436 286 154,145
MWH 49,131 8,578 5,538 100,630 399,285 175,244 862 4,690 743,957
July No. of Customers 105,116 13,832 2,397 21,936 8 395 9,443 288 153,415
MWH 74,417 5,630 5,054 104,618 423,037 178,814 822 4,246 796,638
August No. of Customers 105,050 13,891 2,397 21,876 8 395 9,439 288 153,344
MWH 65,704 4,869 5,323 111,749 413,133 184,303 1,125 4,710 790,916
September |No. of Customers 105,213 13,927 2,389 21,919 8 394 12,900 289 157,039
MWH 67,604 5,359 5,782 113,337 401,128 176,142 1,269 4,623 775,244
October No. of Customers 104,938 13,919 2,382 21,958 8 396 13,023 290 156,914
MWH 52,815 5,937 4,815 90,803 386,830 176,799 1,451 3,807 723,256
November |No. of Customers 104,913 13,921 2,390 21,958 8 393 13,076 287 156,946
MWH 82,835 13,635 5,012 103,246 418,679 146,010 1,466 3,987 774,870
December |No. of Customers 104,832 13,947 2,386 21,956 8 390 13,142 285 156,946
MWH 93,239 25,077 5,934 117,468 413,603 158,848 1,738 5,419 821,326
Total MWH
Comments
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MINNESOTA ELECTRIC UTILITY ANNUAL REPORT (Continued)

7610.0600 OTHER INFORMATION REPORTED ANNUALLY (continued)

ELECTRICITY DELIVERED TO ULTIMATE CONSUMERS IN MINNESOTA SERVICE AREA IN LAST CALENDAR YEAR
See Instructions for details of the information required concerning electricity delivered to ultimate consumers.
Exclude station use, distribution losses, and unaccounted for energy losses from this table altogether.
In this column report the number  This column total should equal ;I;]hiSATflumtr.‘ tOtél will be used for
of farms, residences, commercial the grand total in the worksheet Ae ernative Energy
. " - N ssessment and should not
establishments, etc., and not the labeled "ElectricityByCounty include revenues from sales for
number of meters, where which provides deliveries by Inc le (MN Statutes S
different. county. ;seaBees(Z SubZ u5;33 ec.
Classification of Energy
Delivered to Ultimate Consumers
(include energy used during the year Number of Customers Megawatt-hours Revenue
for irrigation and drainage pumping) at End of Year (round to nearest MWH) [€)]
Farm 2,386 67,547 6,449,028
Nonfarm-residential 118,779 1,018,934 94,054,285
Commercial 21,956 1,256,540 103,685,175
Industrial 390 6,873,992 370,024,629
Street and highway lighting 13,142 16,066 2,118,210
All other 285 51,736 4,052,775
Entered Total 153,921 9,284,816 580,384,102
CALCULATED TOTAL 156,938 9,284,816 580,384,102

Comments
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PUBLIC DOCUMENT
TRADE SECRET DATA
MINNESOTA ELECTRIC UTILITY ANNUAL REPORT HAS BEEN EXCISED

7610.0600 OTHER INFORMATION REPORTED ANNUALLY

PLEASE PROVIDE THE FOLLOWING INFORMATION FOR THOSE CUSTOMERS USING IN EXCESS OF 10,000 MWH. BE SURE TO INCLUDE YOUR LARGE CUSTOMERS

B. LARGEST CUSTOMER LIST - ATTACHMENT ELEC-1

Trade Secret Data Excised

1D# CUSTOMER NAME ADDRESS CITY STATE MWH

N
o

COMMENTS

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report


sromans
Public


MINNESOTA ELECTRIC UTILITY ANNUAL REPORT
7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT: 2013

INSTRUCTIONS: Complete one worksheet for each power plant
Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

A. PLANT DATA
PLANT NAME Boswell Energy Center PLANT ID 68003
STREET ADDRESS 1210 NW 3rd Street
CITY Cohasset
STATE MN UNITS 4
ZIP CODE 55721
COUNTY ltasca
CONTACT PERSON William Boutwell
TELEPHONE 218-328-5036 x4433
B. INDIVIDUAL GENERATING UNIT DATA
Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh) Comments
1 USE ST 1958 COAL 440,045
2 USE ST 1960 COAL 472,273
3 USE ST 1973 COAL 2,552,577
4 USE ST 1980 COAL 3,404,497 MP share
6,869,392
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%) Operating Factor (%) Forced Outage Rate (%)
1 67.125 67.125 74.98 91.65 1.39
2 67.325 67.325 80.46 96.68 0.39
3 357.225 357.225 82.78 92.54 3.34
4 466.974 466.974 83.83 92.53 1.45
958.649 958.649 80.51 93.35 1.64
D. UNIT FUEL USED PRIMARY FUEL USE SECONDARY FUEL USE (START UP)
BTU Content UNITS OF
Unit ID # Fuel Type *** Quantity (for coal only) Unit of Measure **** GAS*™* QUANITY MEASURE****
1 SUB 270,082 TONS 8,938 FO2 0 GAL NG 29046 Mbtu's
2 SUB 294,417 TONS 8,944 FO2 0 GAL NG 15991 Mbtu's
3 SUB 1,513,720 TONS 8,970 FO2 0 GAL NG 54425 Mbtu's
4 SUB 2,453,874 TONS 9,055 FO2 0 GAL NG 65642 Mbtu's

ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel)
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source & BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel QOil #2 (Mid Distillate) **** Unit of Measure  GAL Gallons
FO6 Fuel Oil #6 (Residual Fuel Qil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
STM Steam
SUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
WOOD Wood
SOLAR Solar
OTHER Other - provide description
DEFINITIONS
Forced Outage Rate =lours Unit Failed to be Available X 100 Note: Failure of a unit to be available does not include down time for scheduled maintenance.
(percentage) Hours Unit Called Upon to Produce
Dperating Availability 100 - Maintenance percentage - Forced Outage percentage|Note: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.
(percentage)
Capacity Factor = Total Annual MWH of Production X 100
(percentage) Accredited Capacity Rating (MW) of the Unit X 8,760

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report



MINNESOTA ELECTRIC UTILITY ANNUAL REPORT

7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT: 2013

INSTRUCTIONS: Complete one worksheet for each power plant
Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

A. PLANT DATA

PLANT NAME Laskin Energy Center

STREET ADDRESS PO Box 166

CITY Aurora

STATE MN

ZIP CODE 55705

COUNTY Saint Louis

PLANT ID

NUMBER OF UNITS

68015

CONTACT PERSON William Boutwell
TELEPHONE 218-328-5036 x4433

B. INDIVIDUAL GENERATING UNIT DATA

DEFINITIONS

Forced Outage Rate -lours Unit Failed to be Available X 100

(percentage)

(percentage)

Capacity Factor =

Hours Unit Called Upon to Produce

perating Availability 100 - Maintenance percentage - Forced Outage percentage

Total Annual MWH of Production X 100

(percentage)

Accredited Capacity Rating (MW) of the Unit X 8,760

Minnesota Power's 2015 Integrated Resource Plan

Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report

Note: Failure of a unit to be available does not include down time for scheduled maintenance.

Note: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.

Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh) Comments
1 USE ST 1953 COAL 241,385
USE ST 1953 COAL 230,386
471,771
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%) Operating Factor (%) Forced Outage Rate (%)
1 48.8 48.8 57.28 88.04 1.16
49.4 49.4 52.53 84.99 4.37
98.2 98.2 54.91 86.52 2.77
D. UNIT FUEL USED PRIMARY FUEL USE SECONDARY FUEL USE (START UP)
BTU Content
Unit ID # Fuel Type *** Quantity (for coal only) Unit of Measure ****
1 SUB 179,354 8735 FO2 21 GAL
SUB 170,803 8735 21
NG 21,016 Mbtu's
21,016
NOTE: Fuels are not metered separately for these units
ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel)
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source &BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) **+* Unit of Measure GAL Gallons
FO6 Fuel Oil #6 (Residual Fuel Oil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
STM Steam
SUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
wOOD Wood
SOLAR Solar
OTHER Other - provide description




MINNESOTA ELECTRIC UTILITY ANNUAL REPORT

7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT: 2013

INSTRUCTIONS:

Complete one worksheet for each power plant
Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

A. PLANT DATA

PLANT NAME M.L. Hibbard

STREET ADDRESS 4913 Main Street

CITY Duluth

STATE MN

ZIP CODE 55807

COUNTY Saint Louis

CONTACT PERSON David Pessenda

TELEPHONE 218-628-3627 x5713

PLANT ID

NUMBER OF UNITS

68009

B. INDIVIDUAL GENERATING UNIT DATA

Forced Outage Rate =
(percentage)

Operating Availability =
(percentage)

Capacity Factor =
(percentage)

Hours Unit Failed to be Available X 100

Hours Unit Called Upon to Produce

100 - Maintenance percentage - Forced Outage percentage

Total Annual MWH of Production X 100

Accredited Capacity Rating (MW) of the Unit X 8,760

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report

Note: Failure of a unit to be available does not include down time for scheduled maintenance.

Note: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.

Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh) Comments
3 USE ST 1949 SUB/WOOD 5,155
4 USE ST 1951 SUB/WOOQOD 20,061
25,216
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%) Operating Factor (%) Forced Outage Rate (%)
3 25.603 25.603 1.84 83.26 73.54
4 32.85 32.85 8.30 88.51 0.02
58.5 58.5 5.07 85.89 36.78
D. UNIT FUEL USED PRIMARY FUEL USE SECONDARY FUEL USE (START UP)
BTU Content BTU Content
Unit ID # Fuel Type *** Quantity (for coal only) Unit of Measure **** (for coal only)
3 SUB 37 8,930 NG 32,311 MCF
WOOD 17,493 8,983
4 SUB 37 8,930
WOOD 17,493 8,983
ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel)
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source & BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) *+% Unit of Measure GAL Gallons
FO6 Fuel Oil #6 (Residual Fuel QOil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
STM Steam
SuUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
WOQOOD Wood
SOLAR Solar
OTHER Other - provide description
DEFINITIONS




MINNESOTA ELECTRIC UTILITY ANNUAL REPORT

7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT: 2013

INSTRUCTIONS: Complete one worksheet for each power plant

Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields

Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

#7 TG
Total Hours Down
Sched Maint
Forced Outage
Maint Percentage

Forced Outage Rate

Operating factor
Capacity factor

Minnesota Power's 2015 Integrated Resource Plan

380
236
144
0.026940639

1.643835616
98.32922374
50.456621

#6 TG #5 Hydro #4 Hydro
2672 2560 2123
844 0 0
1828 2560 2123
0.096347032 0 0
20.86757991 29.22374429 24.23515982
79.03607306 70.77625571 75.76484018
22.26883134 30.31018737 65.84221208

Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report

A. PLANT DATA
PLANT NAME Rapids Energy Center PLANT ID 68025
STREET ADDRESS 502 NW 3rd Street
CITY Grand Rapids
STATE MN UNITS 4
ZIP CODE 55744
COUNTY ltasca
CONTACT PERSON Frank Frederickson
TELEPHONE 218-326-6083 x6990
B. INDIVIDUAL GENERATING UNIT DATA
Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh) Comments
6 USE ST 1969 GAS/WOOD/COAL 42,699
7 USE ST 1980 WOOD/COAL 62,280
4 USE HC 1917 HYD 2,809
5 USE HC 1948 HYD 5,569
113,357
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%) Operating Factor (%) Forced Outage Rate (%)
6 11.4 11.4 46.87 90.26 0.99
7 13.0 13.0 54.69 84.49 1.81
4 0.75 0.75 40.50 99.0 1.00
5 1.5 1.5 41.60 76 14
26.7 26.7 45.92 87.4 4.5
D. UNIT FUEL USED PRIMARY FUEL USE
BTU Content
Unit ID # Fuel Type *** Quantity Unit of Measure ****  (for coal only)
6 NG 36,933 MCF
6 SUB 11,527 TONS 9,313
6 WOOD 42,393 TONS
7 SUB 6,181 TONS
7 WOOD 21,123 TONS
ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source &BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) ¥ Unit of Measure  GAL Gallons
FOG6 Fuel Oil #6 (Residual Fuel Oil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
ST™M Steam
SUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
WOOD Wood
SOLAR Solar
OTHER Other - provide description
DEFINITIONS
orced Outage Rate lours Unit Failed to be Available X 100 Note: Failure of a unit to be available does not include down time for scheduled maintenance.
(percentage) Hours Unit Called Upon to Produce
perating Availability100 - Maintenance percentage - Forced Outage percentagqgNote: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.
(percentage)
Capacity Factor = Total Annual MWH of Production X 100
(percentage) Accredited Capacity Rating (MW) of the Unit X 8,760




MINNESOTA ELECTRIC UTILITY ANNUAL REPORT
7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT: 2013

INSTRUCTIONS: Complete one worksheet for each power plant
Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

A. PLANT DATA
PLANT NAME SAPPI Cloquet Turb Genr #5 PLANT ID 68020
STREET ADDRESS 2201 Avenue B
CITY Cloquet
STATE MN UNITS 1
ZIP CODE 55720
COUNTY Carlton
CONTACT PERSON Rochon Kinney
TELEPHONE 218-722-5642 x3297
B. INDIVIDUAL GENERATING UNIT DATA
Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh) Comments
5 USE ST 2001 WOOD/GAS 98,022
98,022
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%)  Operating Factor (%) Forced Outage Rate (%)
5 22.785 22.785 50.78% 81.11% 6.62%
22.785 22.785 51.46% 81.11% 6.62%
D. UNIT FUEL USEL PRIMARY FUEL USE FCONDARY FUEL USE (START UP)
BTU Content
Unit ID # Fuel Type *** Quantity Unit of Measure ****  (for coal only)
5 WOOD 22,372 tons Gas 201,351 MCF
LOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel)
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source &BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) ¥+ Unit of Measure  GAL Gallons
FO6 Fuel Oil #6 (Residual Fuel Oil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
ST™M Steam
SUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
WOOD Wood
SOLAR Solar
OTHER Other - provide description
DEFINITIONS
orced Outage Rate 3 Unit Failed to be Available X 100 Note: Failure of a unit to be available does not include down time for scheduled maintenance.
(percentage) urs Unit Called Upon to Produce
perating Availabilitynce percentage - Forced Outage percentage Note: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.
(percentage)
Capacity Factor = Annual MWH of Production X 100
(percentage) apacity Rating (MW) of the Unit X 8,760

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report



MINNESOTA ELECTRIC UTILITY ANNUAL REPORT
7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT: 2013

INSTRUCTIONS: Complete one worksheet for each power plant
Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

A. PLANT DATA
PLANT NAME Taconite Harbor PLANT ID 68026
STREET ADDRESS PO Box 64
CITY Schroeder
STATE MN NUMBER OF UNITS 3
ZIP CODE 55705
COUNTY Cook
CONTACT PERSON William Boutwell
TELEPHONE 218-370-0650
B. INDIVIDUAL GENERATING UNIT DATA
Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh) Comments
1 USE ST 1953 COAL 277,704
2 USE ST 1953 COAL 338,381
3 USE ST 1954 COAL 448,349
1,064,434
*THEC unit figures may not total net figures due to station service
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%) Operating Factor (%) Forced Outage Rate (%)
1 78.7 78.7 45.18 72.39 3.51
2 76.05 76.05 55.39 91.20 1.89
3 83 83 71.09 91.87 4.02
237.75 237.75 57.22 85.15 3.14
D. UNIT FUEL USED PRIMARY FUEL USE SECONDARY FUEL USE (START UP)
BTU Content
Unit ID # Fuel Type *** Quantity (for coal only) Unit of Measure ****
1 SUB 180,741 TONS 9,044 FO2 64,228 GAL
2 SUB 220,489 TONS 9,034 FO2 30,068 GAL
3 SUB 267,268 TONS 9,024 FO2 51,161 GAL
ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel)
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source &BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) ***% Unit of Measure GAL Gallons
FO6 Fuel Oil #6 (Residual Fuel Oil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
STM Steam
SUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
WOOD Wood
SOLAR Solar
OTHER Other - provide description
DEFINITIONS
Forced Outage Rate :rs Unit Failed to be Available X 100 Note: Failure of a unit to be available does not include down time for scheduled maintenance.
(percentage)  ours Unit Called Upon to Produce
perating Availability) - Maintenance percentage - Forced Outage percentdNote: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.
(percentage)
Capacity Factor = Total Annual MWH of Production X 100
(percentage) Accredited Capacity Rating (MW) of the Unit X 8,760|

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report



MINNESOTA ELECTRIC UTILITY ANNUAL REPORT
7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT: 2013

INSTRUCTIONS: Complete one worksheet for each power plant

Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

A. PLANT DATA
PLANT NAME Thomson Hydroelectric Station
STREET ADDRESS 180 St, Hwy 210
CITY Carlton

STATE MN
ZIP CODE 55718
COUNTY Carlton
CONTACT PERSON B. L. Carlson
TELEPHONE 218-722-5642 x 2100

PLANT ID

68016

NUMBER OF UNITS

B. INDIVIDUAL GENERATING UNIT DATA

Hours Unit Failed to be Available X 100
Hours Unit Called Upon to Produce

Forced Outage Rate -
(percentage)

perating Availability
(percentage)

100 - Maintenance percentage - Forced Outage percentage

Total Annual MWH of Production X 100
Accredited Capacity Rating (MW) of the Unit X 8,760

Capacity Factor =
(percentage)

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report

Note: Failure of a unit to be available does not include down time for scheduled maintenance.

Note: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.

Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh) Comments
1 USE HC 1907 HYD 0.0 Flood Damage
2 USE HC 1907 HYD 0.0 Flood Damage
3 USE HC 1907 HYD 0.0 Flood Damage
4 USE HC 1914 HYD 0.0 Flood Damage
5 USE HC 1918 HYD 0.0 Flood Damage
6 USE HC 1949 HYD 0.0 Flood Damage
0.0
Unit net figures may not add up to the station net figurs due to station service.
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%)  Operating Factor (%) Forced Outage Rate (%) Comments
1 11.5 11.5 0.00% 0.00% 100.00%
2 11.5 11.5 0.00% 0.00% 100.00%
3 11.5 11.5 0.00% 0.00% 100.00%
4 11.9 11.9 0.00% 0.00% 100.00%
5 10.4 10.4 0.00% 0.00% 100.00%
6 13.6 13.6 0.00% 0.00% 100.00%
70.4 70.4 0.00% 0.00% 0.00%
D. UNIT FUEL USED PRIMARY FUEL USE SECONDARY FUEL USE (START UP)
BTU Content BTU Content
Unit ID # Fuel Type *** Quantity Unit of Measure **** (for coal only) Fuel Type Quantity  Unit of Measure **** (for coal only)
ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel)
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source & BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) ¥+ Unit of Measure  GAL Gallons
FO6 Fuel Oil #6 (Residual Fuel Oil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
STM Steam
SuUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
WOOD Wood
SOLAR Solar
OTHER Other - provide description
DEFINITIONS




MINNESOTA ELECTRIC UTILITY ANNUAL REPORT

7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT: 2013

INSTRUCTIONS: Complete one worksheet for each power plant

Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report

A. PLANT DATA
PLANT NAME Blanchard Hydroelectric Station PLANT ID 68001
STREET ADDRESS PO Box 157
CITY Little Falls
STATE MN UNITS 3
ZIP CODE 56345
COUNTY Morrison
CONTACT PERSON B. L. Carlson
TELEPHONE 218-722-5642 x 2100
B. INDIVIDUAL GENERATING UNIT DATA
Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh)  Comments
1 USE HC 1925 HYD 32,059.3
2 USE HC 1925 HYD 35,691.3
3 USE HC 1988 HYD 19,211.6
86,962.2
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%) Operating Factor (%) Forced Outage Rate (%)
1 3.427 3.427 61.00% 99.52% 0.31%
2 4.013 4.013 67.91% 90.46% 9.41%
3 3.26 3.26 36.55% 99.50% 0.07%
10.70 10.7 55.15% 96.49% 3.26%
D. UNIT FUEL USED PRIMARY FUEL USE SECONDARY FUEL USE (START UP)
BTU Content
Unit ID # Fuel Type *** Quantity Unit of Measure ****  (for coal only)
ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel)
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source &BIT Bituminous Coal WI Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) ¥+ Unit of Measure GAL Gallons
FO6 Fuel Oil #6 (Residual Fuel Qil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
STM Steam
SUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
WOOD Wood
SOLAR Solar
OTHER Other - provide description
DEFINITIONS
forced Outage Rate:  Hours Unit Failed to be Available X 100 Note: Failure of a unit to be available does not include down time for scheduled maintenance.
(percentage) Hours Unit Called Upon to Produce
perating Availability 100 - Maintenance percentage - Forced Outage percentage Note: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.
(percentage)
Capacity Factor = Total Annual MWH of Production X 100
(percentage) Accredited Capacity Rating (MW) of the Unit X 8,760




MINNESOTA ELECTRIC UTILITY ANNUAL REPORT
7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT: 2013

INSTRUCTIONS: Complete one worksheet for each power plant
Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report

A. PLANT DATA
PLANT NAME Pillager Hydroelectric Station PLANT ID 68011
STREET ADDRESS 13449 Pillager Dam Road
CITY Pillager
STATE MN UNITS 2
ZIP CODE 56473
COUNTY Cass
CONTACT PERSON B. L. Carlson
TELEPHONE 218-722-5642 x 2100
B. INDIVIDUAL GENERATING UNIT DATA
Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh) Comments
1 USE HC 1917 HYD 4,929.5
USE HC 1917 HYD 3,546.9
8,476.4
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%) Operating Factor (%) Forced Outage Rate (%)
1 0.65 0.65 70.34% 99.89% 0.11%
0.65 0.65 50.61% 98.28% 1.72%
1.30 1.29 60.48% 99.09% 0.92%
D. UNIT FUEL USEL PRIMARY FUEL USE SECONDARY FUEL USE (START UP)
BTU Content
Unit ID # Fuel Type *** Quantity Unit of Measure ****  (for coal only)
ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel)
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source &BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) ¥ Unit of Measure  GAL Gallons
FO6 Fuel Oil #6 (Residual Fuel Oil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
ST™M Steam
SUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
WOOD Wood
SOLAR Solar
OTHER Other - provide description
DEFINITIONS
orced Outage Rate Hours Unit Failed to be Available X 100 Note: Failure of a unit to be available does not include down time for scheduled maintenance.
(percentage) Hours Unit Called Upon to Produce
perating Availability 100 - Maintenance percentage - Forced Outage percentage |Note: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.
(percentage)
Capacity Factor = Total Annual MWH of Production X 100
(percentage) Accredited Capacity Rating (MW) of the Unit X 8,760



MINNESOTA ELECTRIC UTILITY ANNUAL REPORT
7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT: 2013

INSTRUCTIONS: Complete one worksheet for each power plant

Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

Minnesota Power's 2015 Integrated Resource Plan
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ic Utility Forecast Report

A. PLANT DATA
PLANT NAME Little Falls Hydroelectric Station PLANT ID 68007
STREET ADDRESS 1 Hydro Street
CITY Little Falls
STATE MN NUMBER OF UNITS 6
ZIP CODE 56345
COUNTY Morrison
CONTACT PERSON B. L. Carlson
TELEPHONE 218-722-5642 x 2100
B. INDIVIDUAL GENERATING UNIT DATA
Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh) Comments
1 USE HC 1919 HYD 4542.8
2 USE HC 1919 HYD 5480.8
3 USE HC 1920 HYD 7850.8
4 USE HC 1979 HYD 10157.8
5 USE HC 1906 HYD 2133.8
6 USE HC 1906 HYD 2437.8
32603.8
THOM unit totals may not equal the total due to station service calculations.
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%) Operating Factor (%)  Forced Outage Rate (%) Comments
1 0.60 0.60 64.82% 99.86% 0.14%
2 0.60 0.60 78.21% 100.00% 0.00%
3 0.60 0.60 81.47% 99.94% 0.06%
4 0.60 0.60 105.42% 98.64% 1.36%
5 0.60 0.60 60.90% 95.60% 4.40%
6 0.60 0.60 69.57% 98.57% 1.43%
3.60 3.60 76.73% 98.77% 1.23%
D. UNIT FUEL USED PRIMARY FUEL USE SECONDARY FUEL USE (START UP)
BTU Content BTU Content
Unit ID # Fuel Type *** Quantity Unit of Measure **** (for coal only) Fuel Type Quantity  Unit of Measure **** (for coal only)
ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel)
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source & BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) **** Unit of Measure GAL Gallons
FO6 Fuel Oil #6 (Residual Fuel Qil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
STM Steam
SuUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
WOOD Wood
SOLAR Solar
OTHER Other - provide description
DEFINITIONS
Forced Outage Rate:  Hours Unit Failed to be Available X 100 Note: Failure of a unit to be available does not include down time for scheduled maintenance.
(percentage) Hours Unit Called Upon to Produce
perating Availability 100 - Maintenance percentage - Forced Outage percentage Note: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.
(percentage)
Capacity Factor = Total Annual MWH of Production X 100
(percentage) Accredited Capacity Rating (MW) of the Unit X 8,760




MINNESOTA ELECTRIC UTILITY ANNUAL REPORT
7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT: 2013

INSTRUCTIONS: Complete one worksheet for each power plant

Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

A. PLANT DATA

Hours Unit Failed to be Available X 100
Hours Unit Called Upon to Produce

orced Outage Rate
(percentage)

perating Availability
(percentage)

100 - Maintenance percentage - Forced Outage percentage

Total Annual MWH of Production X 100
Accredited Capacity Rating (MW) of the Unit X 8,760

Capacity Factor =
(percentage)

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report

Note: Failure of a unit to be available does not include down time for scheduled maintenance.

Note: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.

PLANT NAME Scanlon Hydroelectric Station PLANT ID 68013
STREET ADDRESS
CITY Scanlon
STATE MN UNITS 4
ZIP CODE 55720
COUNTY Carlton
CONTACT PERSON B. L. Carlson
TELEPHONE 218-722-5642 x 2100
B. INDIVIDUAL GENERATING UNIT DATA
Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh) Comments
1 USE HC 1923 HYD 1,454.9
2 USE HC 1923 HYD 2,329.4
3 USE HC 1923 HYD 1,351.6
4 USE HC 1923 HYD 1,992.1
7,128.0
Unit net figues may not
total station net figures
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%) Operating Factor (%) Forced Outage Rate (%)
1 0.02 0.02 39.13% 97.83% 2.17%
2 0.02 0.02 64.09% 96.42% 0.00%
3 0.02 0.02 36.18% 97.12% 0.55%
4 0.02 0.02 53.89% 88.71% 7.67%
0.08 0.08 48.32% 95.02% 2.60%
D. UNIT FUEL USEL PRIMARY FUEL USE SECONDARY FUEL USE (START UP)
BTU Content
Unit ID # Fuel Type *** Quantity (for coal only) Unit of Measure ****
ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel)
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source &BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) *** Unit of Measure GAL Gallons
FOG6 Fuel Oil #6 (Residual Fuel Oil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
ST™M Steam
SUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
WOOD Wood
SOLAR Solar
OTHER Other - provide description
DEFINITIONS




MINNESOTA ELECTRIC UTILITY ANNUAL REPORT
7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT: 2013

INSTRUCTIONS: Complete one worksheet for each power plant
Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

A. PLANT DATA
PLANT NAME Sylvan Hydroelectric Station PLANT ID 68014
STREET ADDRESS 13753 Sylvan Dam Road
CITY Pillager
STATE MN NUMBER OF UNITS 3
ZIP CODE 56473
COUNTY Cass
CONTACT PERSON B. L. Carlson
TELEPHONE 218-722-5642 x 2100
B. INDIVIDUAL GENERATING UNIT DATA
Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh) Comments
1 USE HC 1913 HYD 3,366.8
2 USE HC 1913 HYD 3,068.0
3 USE HC 1915 HYD 1,867.7
8,302.5
Unit net figures may not
total the station net due to
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%)  Operating Factor (%) Forced Outage Rate (%)
1 0.4 0.4 61.60% 99.92% 0.00%
2 0.4 0.4 55.92% 99.92% 0.00%
3 0.4 0.4 33.07% 95.82% 4.10%
1.2 1.2 50.20% 98.55% 1.37%
D. UNIT FUEL USED PRIMARY FUEL USE SECONDARY FUEL USE (START UP)
BTU Content
Unit ID # Fuel Type *** Quantity Unit of Measure **** (for coal only)
ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source & BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) **** Unit of Measure GAL Gallons
FO6 Fuel Oil #6 (Residual Fuel Oil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
ST™M Steam
SUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
WOOD Wood
SOLAR Solar
OTHER Other - provide description
DEFINITIONS
Forced Outage Rate : Hours Unit Failed to be Available X 100 Note: Failure of a unit to be available does not include down time for scheduled maintenance.
(percentage) Hours Unit Called Upon to Produce
perating Availability 100 - Maintenance percentage - Forced Outage percentage [Note: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.
(percentage)
Capacity Factor = Total Annual MWH of Production X 100
(percentage) Accredited Capacity Rating (MW) of the Unit X 8,760

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report



MINNESOTA ELECTRIC UTILITY ANNUAL REPORT

7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT: 2013

INSTRUCTIONS: Complete one worksheet for each power plant
Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

A. PLANT DATA

DEFINITIONS

Forced Outage Rate :

Hours Unit Failed to be Available X 100

(percentage)

perating Availability
(percentage)

Hours Unit Called Upon to Produce

100 - Maintenance percentage - Forced Outage percentage

Capacity Factor =
(percentage)

Total Annual MWH of Production X 100
Accredited Capacity Rating (MW) of the Unit X 8,760

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report

Note: Failure of a unit to be available does not include down time for scheduled maintenance.

Note: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.

PLANT NAME Winton Hydroelectric Station PLANT ID 68019
STREET ADDRESS PO Box 156
CITY Winton
STATE MN NUMBER OF UNITS 2
ZIP CODE 55796
COUNTY Lake
CONTACT PERSON B. L. Carlson
TELEPHONE 218-722-5642 x 2100
B. INDIVIDUAL GENERATING UNIT DATA
Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh) Comments
2 USE HC 1923 HYD 9,413.0
3 USE HC 1923 HYD 12,145.0
21,558.0
Unit net figures may not total the
station net figures due to station
service calculations.
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%) Operating Factor (%) Forced Outage Rate (%)
2 1.10 1.10 53.73% 99.90% 0.10%
3 1.20 1.20 69.32% 100.00% 0.00%
2.30 2.30 61.53% 99.95% 0.05%
D. UNIT FUEL USED PRIMARY FUEL USE SECONDARY FUEL USE (START UP)
BTU Content
Unit ID # Fuel Type *** Quantity Unit of Measure ****  (for coal only)
ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel)
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source & BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) *+* Unit of Measure GAL Gallons
FO6 Fuel Oil #6 (Residual Fuel Qil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
STM Steam
SUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
WOOD Wood
SOLAR Solar
OTHER Other - provide description




MINNESOTA ELECTRIC UTILITY ANNUAL REPORT
7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT: 2013

INSTRUCTIONS: Complete one worksheet for each power plant
Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

A. PLANT DATA

PLANT NAME Knife Falls Hydroelectric Station PLANT ID 68006
STREET ADDRESS
CITY Cloquet
STATE MN NUMBER OF UNITS 3

ZIP CODE 55720
COUNTY Carlton
CONTACT PERSON B. L. Carlson
TELEPHONE 218-722-5642 x 2100

B. INDIVIDUAL GENERATING UNIT DATA
Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh) Comments
1 USE HC 1922 HYD 2,635.5
2 USE HC 1922 HYD 3,191.9
3 USE HC 1922 HYD 3,807.3
9,634.7

Unit net figures may not total
the station net figures due to
station service calculations.

C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%) Operating Factor (%) Forced Outage Rate (%)
1 0.3 0.3 35.10% 96.00% 0.47%
2 0.3 0.3 43.04% 94.52% 5.48%
3 0.3 0.3 51.82% 95.91% 0.00%
0.9 0.9 43.32% 95.48% 1.98%
D. UNIT FUEL USED PRIMARY FUEL USE SECONDARY FUEL USE (START UP)
BTU Content
Unit ID # Fuel Type *** Quantity Unit of Measure ****  (for coal only)
ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel)
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source & BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) **+* Unit of Measure GAL Gallons
FO6 Fuel Oil #6 (Residual Fuel Qil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
STM Steam
SUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
WOOD Wood
SOLAR Solar
OTHER Other - provide description
DEFINITIONS
rorced Outage Rate: Hours Unit Failed to be Available X 100 Note: Failure of a unit to be available does not include down time for scheduled maintenance.
(percentage) Hours Unit Called Upon to Produce
perating Availability 100 - Maintenance percentage - Forced Outage percentage Note: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.
(percentage)
Capacity Factor = Total Annual MWH of Production X 100
(percentage) Accredited Capacity Rating (MW) of the Unit X 8,760

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report



MINNESOTA ELECTRIC UTILITY ANNUAL REPORT
7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT:2013

INSTRUCTIONS: Complete one worksheet for each power plant

Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

A. PLANT DATA

DEFINITIONS

Hours Unit Failed to be Available X 100
Hours Unit Called Upon to Produce

forced Outage Rate :
(percentage)

perating Availability
(percentage)

100 - Maintenance percentage - Forced Outage percentage

Total Annual MWH of Production X 100
Accredited Capacity Rating (MW) of the Unit X 8,760

Capacity Factor =
(percentage)

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report

Note: Failure of a unit to be available does not include down time for scheduled maintenance.

Note: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.

PLANT NAME Fond Du Lac Hydroelectric Station PLANT ID 68005
STREET ADDRESS 14302 Oldenberg Parkway
CITY Duluth
STATE MN UNITS 1
ZIP CODE 55808
COUNTY Saint Louis
[CONTACT PERSON B. L. Carlson
TELEPHONE 218-722-5642 x 2100
B. INDIVIDUAL GENERATING UNIT DATA
Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh) Comments
1 USE HC 1924 HYD 14312.2 online 6/28/13
14312.2
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%) Operating Factor (%) Forced Outage Rate (%)
1 11.1 11.1 14.46 37.71 8.18
11.1 11.1 14.46 37.71 8.18
D. UNIT FUEL USEL PRIMARY FUEL USE SECONDARY FUEL USE (START UP)
BTU Content
Unit ID # Fuel Type *** Quantity Unit of Measure ****  (for coal only)
ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel)
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source &BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) ¥ Unit of Measure  GAL Gallons
FO6 Fuel Oil #6 (Residual Fuel Oil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
STM Steam
SUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
WOOD Wood
SOLAR Solar
OTHER Other - provide description




MINNESOTA ELECTRIC UTILITY ANNUAL REPORT

7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT: 2013

INSTRUCTIONS: Complete one worksheet for each power plant
Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

A. PLANT DATA

DEFINITIONS

orced Outage Rate

Hours Unit Failed to be Available X 100

(percentage)

perating Availability
(percentage)

Capacity Factor =
(percentage)

Hours Unit Called Upon to Produce

100 - Maintenance percentage - Forced Outage percentage

Total Annual MWH of Production X 100
Accredited Capacity Rating (MW) of the Unit X 8,760

Minnesota Power's 2015 Integrated Resource P

lan

Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report

Note: Failure of a unit to be available does not include down time for scheduled maintenance.

Note: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.

PLANT NAME Prairie River Hydroelectric Station PLANT ID 68012
STREET ADDRESS
CITY Grand Rapids
STATE MN UNITS 2
ZIP CODE 55734
COUNTY ltasca
CONTACT PERSON B. L. Carlson
TELEPHONE 218-722-5642 x 2100
B. INDIVIDUAL GENERATING UNIT DATA
Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh)  Comments
1 USE HC 1921 HYD 612.1
2 USE HC 1921 HYD 681.0
1,293.1
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%) Operating Factor (%) Forced Outage Rate (%)
1 0.5 0.5 9.98 50.22 49.78
2 0.5 0.5 19.43 47.75 52.25
1 1 14.71 48.99 51.02
D. UNIT FUEL USEL PRIMARY FUEL USE SECONDARY FUEL USE (START UP)
BTU Content
Unit ID # Fuel Type *** Quantity Unit of Measure ****  (for coal only)
ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel)
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source &BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) *x* Unit of Measure GAL Gallons
FOG6 Fuel Oil #6 (Residual Fuel Oil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
ST™M Steam
SUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
WOOD Wood
SOLAR Solar
OTHER Other - provide description




MINNESOTA ELECTRIC UTILITY ANNUAL REPORT (Continued)

7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

POWER PLANT AND GENERATING UNIT DATA REPORT 2013

INSTRUCTIONS: Complete one worksheet for each power plant
Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

Note: Per Julie Pierce Tac Ridge is to be reported as a single entity

Minnesota Power's 2015 Integrated Resource Plan

Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report

A. PLANT DATA
PLANT NAME Taconite Ridge 1 PLANT ID (leave this cell blank)
TREET ADDRESS Co Rd 102
CITY Mountain Iron
NUMBER OF
STATE MN UNITS 1
ZIP CODE 55768
COUNTY St. Louis
ONTACT PERSON Todd Simmons
TELEPHONE 218-722-5642 x 6102
B. INDIVIDUAL GENERATING UNIT DATA
Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh) Comments
1 Use Wi 2008 Wind 55,891
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%) Operating Factor (%) Forced Outage Rate (%) Comments
1 25.0 25.0 26.5 87.7 10.9
D. UNIT FUEL USED PRIMARY FUEL USE SECONDARY FUEL USE
BTU
Content
BTU Content for coal
Unit ID # Fuel Type *** Quantity Unit of Measure **** (for coal only) Fuel Type Quantity of Measure  only)
1 Wind n/a n/a n/a n/a n/a n/a n/a
ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) ¥+ Unit of Measure GAL Gallons
FO6 Fuel Oil #6 (Residual Fuel Qil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
STM Steam
SUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
WOOD Wood
SOLAR Solar
OTHER Other - provide description
DEFINITIONS
brced Outage RateHours Unit Failed to be Available X 100 Note: Failure of a unit to be available does not include down time for scheduled maintenance.
(percentage) Hours Unit Called Upon to Produce
erating Availabilit100 - Maintenance percentage - Forced Outage percentagd Note: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.
(percentage)
Capacity Factor = Total Annual MWH of Production X 100
(percentage) Accredited Capacity Rating (MW) of the Unit X 8,760




MINNESOTA ELECTRIC UTILITY ANNUAL REPORT (Continued)
7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE
POWER PLANT AND GENERATING UNIT DATA REPORT 2013

INSTRUCTIONS: Complete one worksheet for each power plant

Scroll down below the data entry tables to see the ALLOWABLE CODES to be used for Unit Status, Unit Type, Energy Source, Fuel Type, and Unit of Measure fields
Scroll down below the ALLOWABLE CODES to see DEFINITIONS for Capacity Factor, Operating Factor and Forced Outage Rate.

A. PLANT DATA
PLANT NAME Bison 1 PLANT ID (leave this cell blank)
STREET ADDRESS 5198 30th Street
CITY New Salem
NUMBER OF
STATE ND UNITS 1
ZIP CODE 58563
COUNTY Morton
CONTACT PERSON Todd Simmons
TELEPHONE 218-843-6102
B. INDIVIDUAL GENERATING UNIT DATA
Unit ID # Unit Status * Unit Type ** Year Installed Energy Source *** Net Generation (mwh) Comments
1 Use WI 2010 Wind 780,799
C. UNIT CAPABILITY DATA CAPACITY (MEGAWATTS)
Unit ID # Summer Winter Capacity Factor (%) Operating Factor (%) Forced Outage Rate (%) Comments
1 81.8 291.8 30.50 96.22 3.73
D. UNIT FUEL USED PRIMARY FUEL USE SECONDARY FUEL USE BTU
Content
BTU Content for coal
Unit ID # Fuel Type *** Quantity Unit of Measure **** (for coal only) Fuel Type Quantity of Measure  only)
1 Wind n/a n/a n/a n/a n/a n/a n/a
ALLOWABLE CODES
Cell Heading Code Code Definition Cell Heading Code Code Definition
* Unit Status USE In-use ** Unit Type CS Combined Cycle
STB Stand-by IC Internal Combustion (Diesel)
RET Retired GT Combustion (Gas) Turbine
FUT Future HC Hydro
OTHER Other - provide description ST Steam Turbine (Boiler)
NC Nuclear
*** Energy Source & BIT Bituminous Coal Wi Wind
Fuel Type COAL Coal (general) OTHER Other - provide description
DIESEL Diesel
FO2 Fuel Oil #2 (Mid Distillate) **+* Unit of Measure GAL Gallons
FO6 Fuel Oil #6 (Residual Fuel Oil) MCF Thousand cubic feet
LIG Lignite MMCF Million cubic feet
LPG Liquefied Propane Gas TONS Tons
NG Natural Gas BBL Barrels
NUC Nuclear THERMS Therms
REF Refuse, Bagasse, Peat, Non-wood waste
STM Steam
SUB Sub-Bituminous Coal
HYD Hydro (Water)
WIND Wind
wOOD Wood
SOLAR Solar
OTHER Other - provide description
DEFINITIONS
Forced Outage Rate =1ours Unit Failed to be Available X 100 Note: Failure of a unit to be available does not include down time for scheduled maintenance.
(percentage) Hours Unit Called Upon to Produce
Dperating Availability :00 - Maintenance percentage - Forced Outage percentag|Note: Maintenance percentage is the number of hours of scheduled maintenance divided by 8,760.
(percentage)
Capacity Factor = Total Annual MWH of Production X 100
(percentage) Accredited Capacity Rating (MW) of the Unit X 8,760

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report



MINNESOTA ELECTRIC UTILITY INFORMATION REPORTING - FORECAST SECTION

INSTRUCTIONS

The individual worksheets in this spreadsheet file correspond closely to the tables in the paper forms received by the utility.
The instructions provided with the paper forms also pertain to the data to be entered in each of the worksheets in this file.
PLEASE DO NOT CHANGE THE NAME OR ORDER OF ANY OF THE WORKSHEET TABS IN THIS FILE

In general, the following scheme is used on each worksheet:
Cells shown with a light green background correspond to headings for columns, rows or individual fields.
Cells shown with a light yellow background require data to be entered by the utility.
Cells shown with a light brown background generally correspond to fields that are calculated from the data entered,
or correspond to fields that are informational and not to be modified by the utility.

Each worksheet contains a section labeled Comments below the main data entry area.
You may enter any comments in that section that may be needed to explain or clarify the data being entered on the worksheet.

Please complete the required worksheets and save the completed spreadsheet file to your local computer.
Then attach the completed spreadsheet file to an e-mail message and send it to the following e-mail address:
rule7610.reports@state.mn.us

If you have any questions please contact:
Steve Loomis
MN Department of Commerce
steve.loomis@state.mn.us

(651) 539-1690

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report
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MINNESOTA ELECTRIC UTILITY INFORMATION REPORTING - FORECAST SECTION

7610.0120 REGISTRATION

ENTITY ID# 68 | RILS ID# U10680
REPORT YEAR 2013
UTILITY DETAILS |CONTACT INFORMATION
UTILITY NAME  Minnesota Power Co CONTACT NAME
STREET ADDRESS 30 W Superior St |CONTACT TITLE
CITY  Duluth STREET ADDRESS
STATE MN CITY
ZIP CODE  55802-2093 STATE
TELEPHONE  218/722-5642 x3865 ZIP CODE
Scroll down to see allowable UTILITY TYPES TELEPHONE
*UTILITY TYPE PRIVATE | CONTACT E-MAIL
COMMENTS |PREPARER INFORMATION
REPARING FORMS
PREPARER'S TITLE
DATE

ALLOWABLE UTILITY TYPES
Code

Private

Public

Co-op

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report



MINNESOTA ELECTRIC UTILITY INFORMATION REPORTING - FORECAST SECTION (Continued)

7610.0310 Item A. SYSTEM FORECAST OF ANNUAL ELECTRIC CONSUMPTION BY ULTIMATE CONSUMERS

Provide actual data for your entire system for the past year, your estimate for the present year and all future forecast years.

Please remember that the number of customers should reflect the number of customers at year's end, not the number of meters.

STREET & Calculated

NON-FARM HIGHWAY SYSTEM System

FARM RESIDENTIAL | COMMERCIAL MINING * INDUSTRIAL LIGHTING OTHER TOTALS Totals
Past Year 2013 No. of Cust. 2,397 118,917 21,915 9 394 592 287 144,511 144,511
MWH 67,547 1,018,934 1,256,540 4,851,094 2,022,899 16,066 51,736 9,284,816 9,284,816
Present Year 2014 No. of Cust. 2,397 118,421 21,921 9 378 664 281 144,072 144,072
MWH 67,547 1,058,986 1,284,024 4,888,265 2,041,484 16,346 54,172 9,410,825 9,410,825
1st Forecast 2015 No. of Cust. 2,397 120,668 22,376 10 370 726 290 146,837 146,837
Year MWH 67,547 1,034,325 1,287,245 5,152,115 2,025,526 16,380 54,967 9,638,104 9,638,104
2nd Forecast 2016 No. of Cust. 2,397 121,846 22,644 11 367 789 293 148,348 148,348
Year MWH 67,547 1,049,601 1,310,008 5,343,277 1,899,090 16,654 56,293 9,742,469 9,742,469
3rd Forecast 2017 No. of Cust. 2,397 122,805 22,928 11 371 854 297 149,664 149,664
Year MWH 67,547 1,056,768 1,326,212 5,259,033 1,866,742 16,738 56,630 9,649,670 9,649,670
4th Forecast 2018 No. of Cust. 2,397 123,600 23,205 11 373 910 300 150,796 150,796
Year MWH 67,547 1,068,386 1,343,242 5,269,835 1,907,452 16,755 56,906 9,730,122 9,730,122
5th Forecast 2019 No. of Cust. 2,397 124,145 23,469 11 374 964 302 151,663 151,663
Year MWH 67,547 1,076,748 1,357,620 5,298,345 1,907,153 16,807 56,903 9,781,122 9,781,122
6th Forecast 2020 No. of Cust. 2,397 124,739 23,749 11 374 1,015 304 152,589 152,589
Year MWH 67,547 1,088,722 1,375,938 5,346,458 1,906,849 16,944 57,131 9,859,589 9,859,589
7th Forecast 2021 No. of Cust. 2,397 125,236 24,021 11 376 1,063 306 153,409 153,409
Year MWH 67,547 1,093,611 1,388,599 5,347,759 1,899,252 16,941 57,266 9,870,975 9,870,975
8th Forecast 2022 No. of Cust. 2,397 125,735 24,293 11 375 1,112 307 154,230 154,230
Year MWH 67,547 1,103,120 1,404,045 5,361,331 1,898,813 17,035 57,401 9,909,293 9,909,293
9th Forecast 2023 No. of Cust. 2,397 126,165 24,564 11 374 1,158 309 154,978 154,978
Year MWH 67,547 1,111,530 1,419,552 5,389,933 1,893,949 17,051 57,571 9,957,134 9,957,134
10th Forecast 2024 No. of Cust. 2,397 126,586 24,833 11 372 1,204 310 155,712 155,712
Year MWH 67,547 1,122,300 1,439,572 5,433,098 1,888,628 17,183 57,798 10,026,126 10,026,126
11th Forecast 2025 No. of Cust. 2,397 126,956 25,107 11 370 1,250 311 156,402 156,402
Year MWH 67,547 1,127,022 1,453,153 5,450,764 1,876,487 17,167 57,797 10,049,937 10,049,937
12th Forecast 2026 No. of Cust. 2,397 127,476 25,385 11 366 1,294 312 157,241 157,241
Year MWH 67,547 1,135,754 1,468,463 5,480,029 1,875,269 17,247 58,054 10,102,362 10,102,362
13th Forecast 2027 No. of Cust. 2,397 128,036 25,664 11 363 1,341 313 158,125 158,125
Year MWH 67,547 1,145,056 1,484,940 5,509,184 1,874,130 17,298 58,370 10,156,524 10,156,524
14th Forecast 2028 No. of Cust. 2,397 128,663 25,946 11 358 1,388 315 159,077 159,077
Year MWH 67,547 1,158,738 1,505,777 5,553,365 1,878,679 17,454 58,896 10,240,455 10,240,455

Minnesota Pow

* MINING needs to be reported as a separate category only if annual sales are greater than 1,000 GWH. Otherwise, include MINING in the INDUSTRIAL category.
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Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report




MINNESOTA ELECTRIC UTILITY INFORMATION REPORTING - FORECAST SECTION (Continued)

7610.0310 Item A. MINNESOTA-ONLY FORECAST OF ANNUAL ELECTRIC CONSUMPTION BY ULTIMATE CONSUMERS

Provide actual data for your Minnesota service area only, for the past year, your best estimate for the present year and all future forecast years.

Please remember that the number of customers should reflect the number of customers at year's end, not the number of meters.

STREET & Calculated
NON-FARM HIGHWAY MN-ONLY MN-Only
FARM RESIDENTIAL | COMMERCIAL MINING * INDUSTRIAL LIGHTING OTHER TOTALS Totals

Past Year 2013 No. of Cust. 2,397 118,917 21,915 9 394 592 287 144,511 144,511
MWH 67,547 1,018,934 1,256,540 4,851,094 2,022,899 16,066 51,736 9,284,816 9,284,816
No. of Cust. 2,397 118,421 21,921 9 378 664 281 144,072 144,072

Present Year 2014
MWH 67,547 1,058,986 1,284,024 4,888,265 2,041,484 16,346 54,172 9,410,825 9,410,825
1st Forecast 2015 No. of Cust. 2,397 120,668 22,376 10 370 726 290 146,837 146,837
Year MWH 67,547 1,034,325 1,287,245 5,152,115 2,025,526 16,380 54,967 9,638,104 9,638,104
2nd Forecast 2016 No. of Cust. 2,397 121,846 22,644 11 367 789 293 148,348 148,348
Year MWH 67,547 1,049,601 1,310,008 5,343,277 1,899,090 16,654 56,293 9,742,469 9,742,469
3rd Forecast 2017 No. of Cust. 2,397 122,805 22,928 11 371 854 297 149,664 149,664
Year MWH 67,547 1,056,768 1,326,212 5,259,033 1,866,742 16,738 56,630 9,649,670 9,649,670
4th Forecast 2018 No. of Cust. 2,397 123,600 23,205 11 373 910 300 150,796 150,796
Year MWH 67,547 1,068,386 1,343,242 5,269,835 1,907,452 16,755 56,906 9,730,122 9,730,122
5th Forecast 2019 No. of Cust. 2,397 124,145 23,469 11 374 964 302 151,663 151,663
Year MWH 67,547 1,076,748 1,357,620 5,298,345 1,907,153 16,807 56,903 9,781,122 9,781,122
6th Forecast 2020 No. of Cust. 2,397 124,739 23,749 11 374 1,015 304 152,589 152,589
Year MWH 67,547 1,088,722 1,375,938 5,346,458 1,906,849 16,944 57,131 9,859,589 9,859,589
7th Forecast 2021 No. of Cust. 2,397 125,236 24,021 11 376 1,063 306 153,409 153,409
Year MWH 67,547 1,093,611 1,388,599 5,347,759 1,899,252 16,941 57,266 9,870,975 9,870,975
8th Forecast 2022 No. of Cust. 2,397 125,735 24,293 11 375 1,112 307 154,230 154,230
Year MWH 67,547 1,103,120 1,404,045 5,361,331 1,898,813 17,035 57,401 9,909,293 9,909,293
9th Forecast 2023 No. of Cust. 2,397 126,165 24,564 11 374 1,158 309 154,978 154,978
Year MWH 67,547 1,111,530 1,419,552 5,389,933 1,893,949 17,051 57,571 9,957,134 9,957,134
10th Forecast 2024 No. of Cust. 2,397 126,586 24,833 11 372 1,204 310 155,712 155,712
Year MWH 67,547 1,122,300 1,439,572 5,433,098 1,888,628 17,183 57,798 10,026,126 10,026,126
11th Forecast 2025 No. of Cust. 2,397 126,956 25,107 11 370 1,250 311 156,402 156,402
Year MWH 67,547 1,127,022 1,453,153 5,450,764 1,876,487 17,167 57,797 10,049,937 10,049,937
12th Forecast 2026 No. of Cust. 2,397 127,476 25,385 11 366 1,294 312 157,241 157,241
Year MWH 67,547 1,135,754 1,468,463 5,480,029 1,875,269 17,247 58,054 10,102,362 10,102,362
13th Forecast 2027 No. of Cust. 2,397 128,036 25,664 11 363 1,341 313 158,125 158,125
Year MWH 67,547 1,145,056 1,484,940 5,509,184 1,874,130 17,298 58,370 10,156,524 10,156,524
14th Forecast 2028 No. of Cust. 2,397 128,663 25,946 11 358 1,388 315 159,077 159,077
Year MWH 67,547 1,158,738 1,505,777 5,553,365 1,878,679 17,454 58,896 10,240,455 10,240,455

COMMENTS

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report

* MINING needs to be reported as a separate category only if annual sales are greatere than 1,000 GWH. Otherwise, include MINING in the INDUSTRIAL category.




MINNESOTA ELECTRIC UTILITY INFORMATION REPORTING - FORECAST SECTION (Continued)

7610.0310 Item B. FORECAST OF ANNUAL SYSTEM CONSUMPTION AND GENERATION DATA (Express in MWH)

NOTE: (Column 1 + Column 2) = (Column 3 + Column 5) - (Column 4 + Column 6)

It is recognized that there may be circumstances in which the data entered by the utility is more appropriate or accurate than the value in the corresponding automatically-calculated cell. If
the value in the automatically-calculated cell does not match the value that your utility entered, please provide an explanation in the Comments area at the bottom of the worksheet.

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

CONSUMPTION LINE (GENERATION + RECEIVED)

CONSUMPTION BY ULTIMATE SUBSTATION MINUS

BY ULTIMATE CONSUMERS RECEIVED TOTAL ANNUAL AND (RESALE + LOSSES)
CONSUMERS IN OUTSIDE OF FROM OTHER DELIVERED NET DISTRIBUTION | TOTAL WINTER [ TOTAL SUMMER MINUS
MINNESOTA MINNESOTA UTILITIES FOR RESALE | GENERATION LOSSES CONSUMPTION | CONSUMPTION (CONSUMPTION)
in MWH in MWH in MWH in MWH in MWH in MWH in MWH in MWH
[7610.0310 B(1)] | [7610.0310 B(2)] |[7610.0310 B(3)] [[7610.0310 B(4)]| [7610.0310 B(5)] | [7610.0310 B(6)] | [7610.0310 B(7)] | [7610.0310 B(7)] SHOULD EQUAL ZERO
Past Year 2013 9,284,816 - 4,013,286 3,979,246 9,555,798 305,022 4,759,658 4,576,504 0
Present Year 2014 9,410,825 - 3,415,095 3,819,839 10,520,059 704,491 4,813,027 4,630,817 0
1st Forecast Year 2015 9,638,104 - 3,689,431 4,049,145 10,731,653 733,836 4,916,919 4,796,562 0
2nd Forecast Year 2016 9,742,469 - 3,682,317 3,642,550 10,484,598 781,896 4,884,875 4,804,501 0
3rd Forecast Year 2017 9,649,670 - 3,936,031 3,578,020 10,069,150 777,491 4,905,966 4,772,031 0
4th Forecast Year 2018 9,730,122 - 4,017,191 3,538,651 10,034,594 783,011 4,934,868 4,808,120 0
5th Forecast Year 2019 9,781,122 - 4,220,574 3,537,240 9,884,402 786,614 4,991,574 4,833,888 0
6th Forecast Year 2020 9,859,589 - 3,759,756 3,424,976 10,317,216 792,407 4,990,117 4,858,949 0
7th Forecast Year 2021 9,870,975 - 3,570,102 3,434,787 10,528,734 793,075 5,009,702 4,873,787 0
8th Forecast Year 2022 9,909,293 - 3,678,758 3,191,222 10,217,717 795,961 5,030,280 4,892,247 0
9th Forecast Year 2023 9,957,134 - 3,564,543 3,238,486 10,430,506 799,428 5,083,268 4,914,793 0
10th Forecast Year 2024 10,026,126 - 3,437,655 3,210,059 10,603,211 804,682 5,085,501 4,933,832 0
11th Forecast Year 2025 10,049,937 - 3,549,770 3,083,437 10,389,712 806,107 5,110,292 4,955,612 0
12th Forecast Year 2026 10,102,362 - 3,496,958 3,066,671 10,481,889 809,813 5,138,054 4,981,628 0
13th Forecast Year 2027 10,156,524 - 3,587,010 3,068,068 10,451,235 813,653 5,196,395 5,006,633 0
14th Forecast Year 2028 10,240,455 - 3,878,121 2,978,388 10,160,529 819,807 5,200,302 5,032,940 0
COMMENTS |

Minnesota Power's 2015 Integrated Resource Plan

Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report




MINNESOTA ELECTRIC UTILITY INFORMATION REPORTING - FORECAST SECTION (Continued)

7610.0310 Item C. PEAK DEMAND BY ULTIMATE CONSUMERS AT THE TIME OF ANNUAL SYSTEM PEAK (in MW)

STREET & Calculated

NON-FARM HIGHWAY SYSTEM System

FARM RESIDENTIAL | COMMERCIAL MINING INDUSTRIAL LIGHTING OTHER TOTALS Totals
Last Year Peak Day 2013 11.5 168.0 264.3 606.5 377.1 2.7 351.5 1781.5 1781.5
7610.0310 ltem D. PEAK DEMAND BY MONTH FOR THE LAST CALENDAR YEAR (in MW)
JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER | DECEMBER
Last Year 2013 1773.9 1754.2 1649.5 1558.4 1570.6 1618.4 1769.8 1781.5 1716.7 1557.9 1688.3 1708.6
COMMENTS |

Minnesota Power's 2015 Integrated Resource Plan

Coincident non-Large Power load at peak hour is approximated by scaling by class energy consumption in peak month

Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report




MINNESOTA ELECTRIC UTILITY INFORMATION REPORTING - FORECAST SECTION (Continued)

7610.0310 Item E. PART 1: FIRM PURCHASES (Express in MW)
NAME OF OTHER UTILITY =>
Past Year 2013 iSummer
Winter
Present Year 2014 \?\;Jinmt‘r:rer
1st I;z;e;:ast 2015 \?\;Jinmt(r:rer
2nd 52;?cast 2016 \?\;Jinmtrenrer
3rd 5Z§cast 2017 \?\;.:memrer
4th 5zr:rcast 2018 \?\;Ji::g;er
5th 5(;r:rcast 2019 \?\;Jinmt:rer
6th 5(;|'aercast 2020 \?\;Jinmt‘r:rer
7th 5(;;ercast 2021 \?\;Jinmtgwrer
8th 5c;raercast 2022 \?\;Jinmtrenrer
9th 5(:;arcast 2023 \?\;.::jtemrer
10th\|(:§:recast 2024 \?\;Jinmt:rer
1 1th\|(:;);fcast 2025 \?\;Jinmtgnrer
12th\l(:§;fcast 2026 \?\;Jinmt‘ranrer
13th\|(:§arcracast 2027 \?\;Jinmt;er
14th\|(:§:racast 2028 \?\;Jinmtrenrer
COMMENTS

Minnesota Powgr's 2015 Integrated Resource Plan

Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report



MINNESOTA ELECTRIC UTILITY INFORMATION REPORTING - FORECAST SECTION (Continued)

7610.0310 ltem E. PART 2: FIRM SALES (Express in MW)
NAME OF OTHER UTILITY =>
Past Year 2013 \?\finmtg‘rer
Present Year 2014 \?\;Jinmt(r;rer
1st I;Zfrcast 2015 \?\;Jinmt?rer
2nd \F(Z;ercast 2016 \?\;Jinmtzrer
3rd 5(;;ercast 2017 \?vuinmtger
4th i(;r:rcast 2018 \?vuinmtger
5th i(;r:rcast 2019 \?vuinmtger
6th i(;r:rcast 2020 \?vuinmtger
7th i(;r:rcast 2021 \?vuinmtger
8th i(;r:rcast 2022 \?\;Jinmt:rer
9th i(;r:rcast 2023 \?\;Jinmt:rer
10th$;);$cast 2024 \?\;Jinmt:rer
1 1th\|(::;$cast 2025 \?\;Jinmt:rer
12th$;);$cast 2026 \?\;Jinmt:rer
13th\l(:;);$cast 2027 \?\;Jinmt(r:rer
14th\l(:;);?cast 2028 \?\;Jinmt(r;er
COMMENTS
Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Mibnesata Power's 2014 Annual Electric Utility Forecast Report




MINNESOTA ELECTRIC UTILITY INFORMATION REPORTING - FORECAST SECTION (Continued)

7610.0310 Item F. PART 1: PARTICIPATION PURCHASES

(Express in MW)

Laurentian . . . . . . Minnkota Power|
NAME OF OTHER UTILITY =>| Energy (LEA %Iéeégté\qvég; Wing Rlviégvég:; Manltob?Ml-II_iygI;c; Cooperative Xcel Energy
(Hibb&Virg) (MPC)
Summer 13.1 13.9 04 50 0 0
Past Year 2013 Hinter 131 139 04 50 50 0
Summer 13.1 13.9 04 50 50 30
PresentYear 2014 s 131 13.9 0.4 50 50 30
1st Forecast 2015 Summer 13.1 13.9 04 50 50 0
Year Winter 13.1 13.9 0.4 50 50 0
2nd Forecast 2016 Summer 13.1 13.9 04 50 50 0
Year Winter 13.1 13.9 0.4 50 50 0
3rd Forecast 2017 Summer 13.1 13.9 04 50 50 0
Year Winter 13.1 13.9 04 50 50 0
4th Forecast 2018 Summer 13.1 13.9 04 50 50 0
Year Winter 13.1 13.9 0.4 50 50 0
5th Forecast 2019 Summer 13.1 13.9 04 50 50 0
Year Winter 13.1 13.9 0.4 50 50 0
6th Forecast 2020 Summer 13.1 13.9 0.4 250 0 0
Year Winter 13.1 13.9 0.4 250 0 0
7th Forecast 2021 Summer 13.1 13.9 04 250 0 0
Year Winter 13.1 13.9 0.4 250 0 0
8th Forecast 2022 Summer 13.1 13.9 04 250 0 0
Year Winter 13.1 13.9 04 250 0 0
9th Forecast 2023 Summer 13.1 13.9 04 250 0 0
Year Winter 13.1 13.9 0.4 250 0 0
10th Forecast 2024 Summer 13.1 13.9 04 250 0 0
Year Winter 13.1 13.9 0.4 250 0 0
11th Forecast 2025 Summer 13.1 13.9 0.4 250 0 0
Year Winter 13.1 13.9 0.4 250 0 0
12th Forecast 2026 Summer 13.1 13.9 04 250 0 0
Year Winter 13.1 13.9 0.4 250 0 0
13th Forecast 2027 Summer 13.1 13.9 04 250 0 0
Year Winter 13.1 13.9 04 250 0 0
14th Forecast 2028 Summer 13.1 13.9 04 250 0 0
Year Winter 13.1 13.9 0.4 250 0 0
COMMENTS

Capacity- External

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report



MINNESOTA ELECTRIC UTILITY INFORMATION REPORTING - FORECAST SECTION (Continued)

7610.0310 Item F. PART 2: PARTICIPATION SALES (Express in MW)
_ Minnkota Power
NAME OF OTHER UTILITY => BEPC Cooperative (MPC)
Summer 100 50
Past Year 2013 Winter 700 )
Summer 100 0
Present Year 2014 Winter 700 )
1st Forecast 2015 Summer 100 0
Year Winter 100 0
2nd Forecast 2016 Summer 100 0
Year Winter 100 0
3rd Forecast 2017 Summer 100 0
Year Winter 100 0
4th Forecast 2018 Summer 100 0
Year Winter 100 0
5th Forecast 2019 Summer 100 0
Year Winter 100 0
6th Forecast Summer 0 0
Year A= Winter 0 0
7th Forecast Summer 0 0
Year Az Winter 0 0
8th Forecast Summer 0 0
Year Az Winter 0 0
9th Forecast Summer 0 0
Year A= Winter 0 0
10th Forecast Summer 0 0
Year Az Winter 0 0
11th Forecast Summer 0 0
Year A0z Winter 0 0
12th Forecast Summer 0 0
Year e Winter 0 0
13th Forecast Summer 0 0
Year Ay Winter 0 0
14th Forecast Summer 0 0
Year AV Winter 0 0

COMMENTS

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Mihnesota Power's 2014 Annual Electric | Hilif\/ Eaqrecast I-'é::lnnrf




MINNESOTA ELECTRIC UTILITY INFORMATION REPORTING - FORECAST SECTION (Continued)

7610.0310 ltem G. LOAD AND GENERATION CAPACITY

(Express in MW)

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 Column 8 Column 9 Column 10 Column 11 Column 12 Column 13 Column 14 Column 15
SCHEDULE L.
PURCHASE AT SURPLUS (+)
THE TIME OF SEASONAL SEASONAL SEASONAL ANNUAL ADJUSTED TOTAL FIRM OR
SEASONAL SEASONAL SEASONAL ANNUAL FIRM FIRM ADJUSTED ADJUSTED NET PARTICIPATION | PARTICIPATION NET NET RESERVE CAPACITY DEFICIT (-)
MAXIMUM SYSTEM SYSTEM SYSTEM PURCHASES SALES NET DEMAND NET DEMAND GENERATING PURCHASES SALES CAPABILITY CAPACITY OBLIGATION CAPACITY
DEMAND DEMAND DEMAND DEMAND (TOTAL) (TOTAL) (3-5+86) (4-5+6) CAPABILITY (TOTAL) (TOTAL) (9+10-11) OBLIGATION (7 +13) (12 - 14)
Past Year 2013 Summer 1782 1782 1782 1782 1782 2058 77 150 1985 191 1972 13
Winter 1751 1751 1782 1751 1782 1990 127 100 2017 187 1938 79
Present Year 2014 Summer 1727 1727 1772 1727 1772 1885 157 100 1942 185 1912 30
Winter 1772 1772 1772 1772 1772 1885 157 100 1942 190 1961 -20
1st Forecast 2015 Summer 1807 1807 1931 1807 1931 1918 127 100 1945 194 2001 -56
Year Winter 1931 1931 1931 1931 1931 1930 127 100 1957 208 2138 -181
2nd Forecast 2016 Summer 1923 1923 1958 1923 1958 1942 127 100 1969 207 2129 -160
Year Winter 1958 1958 1958 1958 1958 1942 127 100 1969 211 2168 -199
3rd Forecast 2017 Summer 1941 1941 1973 1941 1973 1956 127 100 1983 207 2148 -165
Year Winter 1973 1973 1973 1973 1973 1956 127 100 1983 211 2184 -201
4th Forecast 2018 Summer 1954 1954 1979 1954 1979 1956 127 100 1983 209 2162 -179
Year Winter 1979 1979 1979 1979 1979 1956 127 100 1983 212 2191 -208
5th Forecast 2019 Summer 1962 1962 1988 1962 1988 1956 127 100 1983 210 2171 -188
Year Winter 1988 1988 1988 1988 1988 1956 127 100 1983 213 2201 -218
6th Forecast 2020 Summer 1970 1970 1996 1970 1996 1956 277 0 2233 211 2181 53
Year Winter 1996 1996 1996 1996 1996 1956 277 0 2233 214 2209 24
7th Forecast 2021 Summer 1976 1976 2003 1976 2003 1956 277 0 2233 211 2187 46
Year Winter 2003 2003 2003 2003 2003 1956 277 0 2233 214 2217 16
8th Forecast 2022 Summer 1982 1982 2010 1982 2010 1936 277 0 2213 212 2195 19
Year Winter 2010 2010 2010 2010 2010 2116 277 0 2393 215 2225 168
9th Forecast 2023 Summer 1990 1990 2019 1990 2019 2116 277 0 2393 213 2202 191
Year Winter 2019 2019 2019 2019 2019 2096 277 0 2373 216 2235 137
10th Forecast 2024 Summer 1997 1997 2028 1997 2028 2096 277 0 2373 214 2210 162
Year Winter 2028 2028 2028 2028 2028 2076 277 0 2353 217 2245 108
11th Forecast 2025 Summer 2004 2004 2035 2004 2035 2076 277 0 2353 214 2218 134
Year Winter 2035 2035 2035 2035 2035 2056 277 0 2333 218 2253 79
12th Forecast 2026 Summer 2011 2011 2044 2011 2044 2056 277 0 2333 215 2227 106
Year Winter 2044 2044 2044 2044 2044 2056 277 0 2333 219 2263 70
13th Forecast 2027 Summer 2019 2019 2053 2019 2053 2056 277 0 2333 216 2235 97
Year Winter 2053 2053 2053 2053 2053 2056 277 0 2333 220 2273 59
14th Forecast 2028 Summer 2027 2027 2063 2027 2063 2056 277 0 2333 217 2244 89
Year Winter 2063 2063 2063 2063 2063 2056 277 0 2333 221 2284 49
COMMENTS |

Minnesota Power's 2015 Integrated Resource Plan

Minnesota Power utilizes MISO's ICAP Reserve Capacity calculation and reserve margin assumption of 11.32%

Method for calculating Reserve Capacity Obligation:

[(Peak Demand - Demand Resource) x (1+11.32%)] - Peak Demand + Demand Resource = Net Reserve Capacity Obligation

Net Generating Capability values (column 9) are taken from MISO PY 2014-2015. Available Demand Resource MW is included in Net Generating Capability to

balance Load and Capability.

Note: The above table reflects the most current econometric forecast and customer assumptions. Minnesota Power's MISO Peak Demand Submittal for
summer of 2014 was based on a non-coincident peak of 1735 MW. The winter peak forecast was 1783 MW. 2013 peak demand values are actuals. Thus, the
surplus/ deficit shown in the above table will vary from what was entered in MISO Module E in November 2013.

As shown in Minnesota Power's most recent Integrated Resource Plan, Minnesota Power is in the process of executing a bilateral bridging strategy to address
the deficits identified in the 2016-2019 timeframe

Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report




MINNESOTA ELECTRIC UTILITY INFORMATION REPORTING - FORECAST SECTION (Continued)

7610.0310 ltem H. ADDITIONS AND RETIREMENTS (Express in MW)

ADDITIONS RETIREMENTS
Past Year 2013
Present Year 2014
1st Forecast Year 2015 205 70

2nd Forecast Year 2016
3rd Forecast Year 2017
4th Forecast Year 2018
5th Forecast Year 2019
6th Forecast Year 2020
7th Forecast Year 2021
8th Forecast Year 2022 200
9th Forecast Year 2023
10th Forecast Year 2024
11th Forecast Year 2025
12th Forecast Year 2026
13th Forecast Year 2027
14th Forecast Year 2028

COMMENTS

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report



PUBLIC DOCUMENT
TRADE SECRET DATA

MINNESOTA ELECTRIC UTILITY INFORMATION REPORTING - FORECAST SECTION (Continued)
HAS BEEN EXCISED

7610.0430 FUEL REQUIREMENTS AND GENERATION BY FUEL TYPE

Trade Secret Data Excised

Please use the appropriate code for the fuel type as shown in the list at the bottom of the worksheet.

FUEL TYPE 1 FUEL TYPE 2 FUEL TYPE 3 FUEL TYPE 4 FUEL TYPE 5 FUEL TYPE 6
Name of Fuel SuUB Name of Fuel FO2 Name of Fuel WOOD Name of Fuel NG Name of Fuel HYD Name of Fuel WIND
Unit of Measure TONS Unit of Measure GALLONS Unit of Measure TONS Unit of Measure MCF Unit of Measure Unit of Measure

QUANTITY OF NET MWH QUANTITY OF NET MWH QUANTITY OF NET MWH QUANTITY OF NET MWH QUANTITY OF NET MWH QUANTITY OF NET MWH
FUEL USED GENERATED FUEL USED GENERATED FUEL USED GENERATED FUEL USED GENERATED FUEL USED GENERATED FUEL USED GENERATED

Past Year 2013
Present Year 2014
1st Forecast Year 2015
2nd Forecast Year 2016
3rd Forecast Year 2017
4th Forecast Year 2018
5th Forecast Year 2019
6th Forecast Year 2020
7th Forecast Year 2021
8th Forecast Year 2022
9th Forecast Year 2023
10th Forecast Year 2024
11th Forecast Year 2025
12th Forecast Year 2026
13th Forecast Year 2027
14th Forecast Year 2028

LIST OF FUEL TYPES

BIT - Bituminous Coal LPG - Liquefied Propane Gas HYD - Hydro (water)
COAL - Coal (general) NG - Natural Gas WIND - Wind
DIESEL - Diesel NUC - Nuclear WOOD - Wood
FO2 - Fuel Oil #2 (Mid-distillate) REF - Refuse, Bagasse, Peat, Non-w SOLAR - Solar
FOB6 - Fuel Oil #6 (Residual fuel oil) STM - Steam
LIG - Lignite SUB - Sub-bituminous coal

COMMENTS

Fuel Requirements for Rapids Energy Center are not shown.
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MINNESOTA ELECTRIC UTILITY INFORMATION REPORTING - FORECAST SECTION

7610.0500 TRANSMISSION LINES

Subpart 1. Existing transmission lines. Each utility shall report the following information in regard to each transmission line of 200 kilovolts now in existence:
a map showing the location of each line;

the design voltage of each line;

the size and type of conductor;

the approximate location of d.c. terminals or a.c. substations; and

the approximate length of each line in Minnesota.

mOoOw>

7160.0500 TRANSMISSION LINES
EXISTING TRANSMISSION LINES (200 kV AND ABOVE)

MP OWNED CONDUCTOR
VOLTAGE (kV) LINE NUMBER FROM* TO* MN MILES MP TAP MILES MCM TYPE
230 AC 80 FORBES MINNTAC 25.53 954 ACSR
230 AC 81 ARROWHEAD BEAR CREEK 55.26 795 ACSR
230 AC 83 BOSWELL BLACKBERRY 18.4 1431/1590 ACSR
230 AC 90 ARROWHEAD FORBES 47.53 954 ACSR
230 AC 91 RIVERTON BADOURA 46.41 795 ACSR
230 AC 92 RIVERTON BLACKBERRY 67.23 795 ACSR
230 AC 93 BLACKBERRY FORBES 34.3 954 ACSR
230 AC 94 SHANNON MCCARTHY LAKE 16.41 1590 ACSR
230 AC 95 BOSWELL BLACKBERRY 18.84 1431/1590 ACSR
230 AC 96 SHANNON MINNTAC 23.14 954 ACSR
230 AC 97 RIVERTON WING RIVER (STAPLES) 35.96 795 ACSR
230 AC 98 BLACKBERRY ARROWHEAD 64.94 7.01 954 ACSR
230 AC 99 BADOURA HUBBARD 14.99 795 ACSR
230 AC 100 CALUMET MCCARTHY LAKE 3.32 1590 ACSR
230 AC 102 BOSWELL CALUMET 25.86 1590 ACSR
230 AC 902 BEAR CREEK ROCK CREEK (KETTLE RIVER) 11.8 795 ACSR
230 AC 904 BOSWELL CASS LAKE*** 4.65 795 ACSS
230 AC 907 SHANNON LITTLEFORK 81.62 954 ACSR
230 AC 909 HUBBARD AUDUBON (SHELL RIVER) 4.53 795 ACSR
230 AC R50M RUNNING MORANVILLE 7.51 954 ACSR
230 AC n/a CASS LAKE WILTON*** 1.77 795 ACSS
250 DC DC LINE ARROWHEAD SQUARE BUTTE (ND BORDER) 231.56 2839 ACSR
345 AC n/a MONTICELLO QUARRY** 4.23 2-954 ACSS/TW
500 AC 601 CHISAGO (KETTLE RIVER) FORBES (DENHAM) 7.79 3-1192 ACSR
TOTAL 860.59 853.58 7.01
* Point of interconnection in parenthesis for partially-owned tie lines
** MP-owned miles represent 14.7% of total circuit mileage under a "tenants in common" model
*** MP-owned miles represent 9.3% of total circuit mileage under a "tenants in common" model
SUUPAIL £, 1 1AIISITISSIVIT ITIE AUUTUUIS. CaUll Yeneiduiy aiiu udiistiissIuvi Utility, &> USTINIEU 111 Jdi L 1 ULU.ULUU, SHAI TEPUIL UIE HHUTTAUUTT TEYUITEU I SULPAIL L TUL il TULUTE UAIISHTISSIVI HITES UVET ZUU KHUVUILS UidL UIE ULty PIdiS W UUnu
within the next 15 years.
FUTURE TRANSMISSION LINE ADDITIONS (200 kV AND ABOVE)
To Be To Be INDICATE
In Use Built Retired D.C.OR LOCATION OF D.C. YEAR IF LENGTH IN
(enter X for (enter X for (enter X for DESIGN SIZE OF TYPE OF A.C. TERMINALS "TOBE BUILT" MINNESOTA
selection) selection) selection) VOLTAGE CONDUCTOR | CONDUCTOR (specify) OR A.C. SUBSTATIONS OR "RETIRED" (miles)
X 345 kV 2-954 bundle ACSS/TW AC Quarry - Alexandria 2014 70
X 345 kV 2-954 bundle ACSS/TW AC Alexandria - Bison 2015 135
X 500 kV 3-1192 bundle ACSR AC Dorsey - Blackberry 2020 270
COMMENTS

The two 345 KV line additions listed are part of the CapX 2020 Twin Cities-Fargo 345 kV Project. The Monticello-Quarry (St. Cloud) segment of the line was energized in December 2011. Future construction includes a segment
between St. Cloud and the Alexandria area and between Alexandria and the Bison Substation in the Fargo area. Minnesota Power will own 14.7% of this line under a "tenants in common" ownership model; the other owners will
be Otter Tail Power Company, Missouri River Energy Services, Great River Energy, and Xcel Energy.

The Dorsey-Blackberry 500 kV line is part of the Great Northern Transmission Line Project and is required to deliver MP's 250 MW power purchase agreement (PPA) and 133 MW renewable optimization agreement (ROA) with
Manitoba Hydro. Since the project is designed to facilitate up to 750 MW of incremental transfer capability in order to accomodate other Manitoba - U.S. transactions, the ownership structure for the U.S. portion of the project has
not yet been determined. This line needs to be in service by 2020 to meet the requirements of MP's PPA and ROA.

Subpart 3. Transmission line retirements. Each generating and transmission utility, as defined in part 7610.0100, shall identify all present transmission lines over 200 kilovolts that the utility plans to retire within the next 15 years.

Minnesota Power's 2015 Integrated Resource Plan
Appendix A: Minnesota Power's 2014 Annual Electric Utility Forecast Report



MINNESOTA ELECTRIC UTILITY INFORMATION REPORTING - FORECAST SECTION (Continued)

7610.0600, item A. 24 - HOUR PEAK DAY DEMAND

Each utility shall provide the following information for the last calendar year:
A table of the demand in megawatts by the hour over a 24-hour period for:
1. the 24-hour period during the summer season when the megawatt demand on the system was the greatest; and
2. the 24-hour period during the winter season when the megawatt demand on the system was the greatest

DATE DATE
8/20/13 1/21/13 <= ENTER DATES
MW USED ON MW USED ON
TIME SUMMER WINTER
OF DAY PEAK DAY PEAK DAY
0100 1538 1623
0200 1506 1615
0300 1493 1601
0400 1487 1610
0500 1495 1600
0600 1510 1651
0700 1541 1684
0800 1589 1691
0900 1628 1718
1000 1676 1710
1100 1730 1717
1200 1761 1723
1300 1771 1695
1400 1782 1682
1500 1770 1717
1600 1764 1735
1700 1767 1721
1800 1753 1718
1900 1739 1774
2000 1728 1750
2100 1733 1765
2200 1720 1745
2300 1647 1674
2400 1597 1644
COMMENTS
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APPENDIX B: DEMAND SIDE MANAGEMENT

This Appendix of the 2015 Integrated Resource Plan (*2015 Plan” or “Plan”) contains
information regarding Minnesota Power’s planning and strategies for demand side management
(“DSM”), energy efficiency and Conservation Improvement Programs (“CIP”). Minnesota
Power’s performance and planning outlooks for DSM, energy efficiency and CIP are broken into
four parts in this Appendix:

1. Minnesota Power’s Conservation Program Strategy

2. Energy Conservation Resource Alternatives and Rate Impact Study
3. Consideration of Additional Demand Response Programs
4

Order Point 12 Considerations

Part 1: Minnesota Power’s Conservation Program Strategy

Minnesota Power (or “Company”) is committed to providing sustainable energy-efficiency
programs as is demonstrated by its recent CIP achievements. Since the Next Generation
Energy Act of 2007, Minnesota Power has been refining and expanding upon its proven
conservation program platform, referred to collectively and referred to herein as Power of One®
or CIP, to deliver cost-effective savings and customer value. The Company remains dedicated
to continuous program improvement and views ongoing CIP initiatives as part of its broader
EnergyForward resource strategy; a strategy designed to provide a safe, reliable and affordable
power supply while improving environmental performance. As part of the planning process for
the 2015 Plan, Minnesota Power has evaluated past CIP performance, related success factors,
and potential future opportunities to determine scenarios that would help meet the Company's
resource planning goals, while also continuing to deliver on the State’s 1.5 percent energy-
savings goal for cost-effective energy efficiency.

Minnesota Power's approach to developing scenarios for energy efficiency* achieved
through CIP, included analysis and research providing insight into historical performance, future
opportunities, and the changing energy-efficiency environment. One of the key findings from the
analysis was that a significant portion of the most cost-effective savings in the past has been
achieved through a small number of very large, strategically planned customer projects. Given
the circumstantial nature of these large-scale projects, predicting the opportunity for projects of
similar magnitude in the future cannot be done with any degree of certainty. Due to the extent
that recent CIP achievements have been driven by these large-scale projects, there is a high
degree of risk associated with assuming historical performance is sustainable for the 2015
planning period or that savings levels can be increased from one year to the next.

The current energy-efficiency environment is rapidly evolving. The impact of potential
regulatory and environmental policy changes on CIP statute and on customer behavior and

! According to Minn. Stat. 216B.241, "energy efficiency” means measures or programs, including energy conservation
measures or programs, that target consumer behavior, equipment, processes, or devices designed to produce either
an absolute decrease in consumption of electric energy or natural gas or a decrease in consumption of electric
energy or natural gas on a per unit of production basis without a reduction in the quality or level of service provided to
the energy consumer.
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attitudes regarding energy use is still unknown. Similarly, the ongoing efforts to improve,
change, or standardize the methods and assumptions used for estimating savings affirm there is
some uncertainty over actual achieved and achievable savings. While the current estimation
methodologies are acceptable means of measuring program performance and gauging savings
impacts, long-term resource planning necessitates reducing risk and uncertainty. As such, a
conservative approach to determining the best level of energy efficiency to incorporate in the
resource plan is imperative.

Key factors of the costs and benefits associated with various levels of energy efficiency are
not only the environmental benefits and potential overall cost savings associated with
conservation, but also the actual rate impact on each individual customer class. Given the
current rate structure and cost recovery mechanisms, high energy-efficiency commitments could
lead to some reductions in total cost, but would likely be accompanied by rate increases for
certain customer subsets. Balancing these impacts was an important consideration during the
planning process.

Taking these factors into account, Minnesota Power has included additional investment in
CIP as part of its short-term action plan in order to augment its already high performing energy
efficiency portfolio. (See Section IV for details on energy efficiency included in the resource
plan.) The Company believes that some additional savings compared to the existing CIP may
be achievable and will continue its efforts to determine that level of savings along with delivery
strategies. The need for low-cost, environmentally-friendly resources, balanced with the need to
minimize risk and allocate costs appropriately across eligible customer segments are vital in this
determination. Minnesota Power will further evaluate energy-efficiency opportunities and evolve
the Power of One® platform with refined program design assumptions. Planning efforts for the
2017-2019 CIP Triennial Filing begin later this year, and more details, such as an updated
Technical Resource Manual,? will become available for the evaluation.

The remainder of this section summarizes Minnesota Power’s recent CIP achievements,
discusses in more detail the factors that impact the Power of One® program design strategy,
savings potential, and recommended savings goal, and introduces the scenarios modeled for
the 2015 Plan.

Part 2 of this Appendix presents the scenarios in more detail, summarizes the study
methodology and results, and discusses industry trends and research that support Minnesota
Power’s energy-efficiency modeling approach and recommendations.

Minnesota Power’s Recent CIP Costs and Achievements

Minnesota Power has met or exceeded the 1.5 percent savings goal since the Next
Generation Energy Act of 2007 was implemented in 2010. Between 2010 and 2014, achieved
first-year savings ranged from roughly 60,000 to roughly 78,000 MWh, with costs ranging
between $5.6 million and $7.2 million. First-year savings averaged about $0.09 per kWh—about
$0.15/kWh less than the 2013 industry average.®

2 The Minnesota Technical Reference Manual (TRM), developed and maintained by the Department of Commerce,
consists of a set of standard methodologies and inputs for calculating the savings impacts and cost-effectiveness of
energy conservation improvement programs (CIP) in Minnesota.

% E-Source: DSM Achievements and Expenditures 2013 Research Results.
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Figure 1: Minnesota Power Historical CIP Achievements
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Residential programs, referred to as “Home” and “Energy Partners” within the Company’s
portfolio, tend to be more expensive on average and make up just under 20 percent of annual
CIP savings. Costs for these programs have increased over the past four years from about
$90/MWh in 2010 to almost $130/MWh in 2014.% At the same time, achieved savings have
decreased from about 13,800 MWh in 2010° to about 9,800 MWh in 2014.° These trends
indicate that residential savings may level off for a period of time and, until new and
substantially different technologies are introduced, these costs are likely to continue rising.

Figure 2: Residential Cost per kWh (First-year Savings)
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* Cost per kWh calculations in this section are based on first-year energy savings and direct impact spending as filed
in the respective Minnesota Power CIP Consolidated Filing. They do not include indirect program costs.

® Docket No. E015/CIP-08-610.02.

® Docket No. E015/CIP-13-409.01.
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The commercial/industrial (“C/I") program or “Business” program, accounts for the majority
of CIP savings (roughly 80 percent). It has shown a slight decrease in (first-year savings) costs
between 2010 and 2014, going from just under $60/MWh to about $45/MWh, and averaging
$50/MWh. In further contrast to the residential programs, C/I savings have increased over the
same period from roughly 44,900 MWh in 2010 to about 65,000 MWh in 2013 and 2014.
Notably, a small number of very large projects contributed a substantial amount of the energy
savings with proportionally lower costs across several years.’

Figure 3: Commercial and Industrial Cost per kWh (First-year Savings)
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Large project contributions over the past five years have ranged between roughly 6,000
MWh and just over 31,000 MWh, accounting for between nine percent and 40 percent of total
portfolio savings. This is reflected in the large business project bars in Figure 3, and shows that
large projects have played a major part in reaching the goal in recent years. An analysis of
recent performance without these large projects reveals lower total achieved savings. Moreover,
while the savings associated with these projects are clearly substantial, the associated costs are
essentially insignificant relative to total costs, resulting in noticeably higher costs per MWh when
the large projects are removed. This effect can also be seen in Figures 3 and 4. However, it
should be noted that actual performance, absent these projects, is difficult to estimate as other
program delivery strategies would likely have been deployed, making actual historical
performance and cost figures an interesting, but not conclusive, data point.

Figure 4: Total Portfolio Cost per kWh (First-year Savings)
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These large project savings contributions unduly skew results, and should be normalized to
some degree for planning purposes, particularly given the limited number of eligible customers
large enough to have projects of this scale or magnitude.

Because these projects have been fairly prevalent in recent years, predicting the actual cost
of consistently achieving historic levels of savings without them is difficult. Although the
Company believes it may be possible to cost-effectively sustain savings levels higher than the
current 1.5 percent target in the future, careful consideration of future costs should be given,
and incremental savings goals should be set with caution until more experience with these
changing delivery conditions can provide further insight.

Evaluation of Energy Efficiency

Energy efficiency performance, goals, and costs are discussed and evaluated differently for
CIP planning as compared to resource planning purposes. From a CIP perspective, energy
efficiency goals are annual goals. As such, costs are typically assessed using cost of first-year
savings only and goals primarily focus on first-year energy savings with less emphasis on
demand savings (and even less emphasis on the timing of demand savings). In CIP planning
and evaluation, lifetime (or cumulative) energy savings and demand savings are not directly
considered from a goal achievement perspective, though they are reflected in the standard
benefit-cost analysis tests which have a direct tie to performance. Much of the rationale for
these nuances stem from the multifaceted objectives associated with CIP policy objectives,
which are wide ranging in scope and designed not only to achieve aggressive energy savings,
but also to provide education, assistance, and support to all eligible customers interested in
energy efficiency.

For resource planning purposes, energy-efficiency costs must account for total lifetime
savings of the measures completed each program year, and will often reflect changes in the
value of money between the time the measures are paid for and when the savings are realized.
Additionally, demand savings (especially at peak time) are often a bigger driver than energy
savings from a resource perspective. As a result of these differences, it is important to
understand key factors as they affect energy efficiency from both perspectives. Further
scenarios are modeled using incremental savings and costs from a base assumption. Refer to
Section IV for more details specific to the Plan evaluation.

An additional complexity related to evaluating energy efficiency programs is introduced
when trying to benchmark performance of programs across the nation. This is due to the fact
that policy goals, measurement methodologies, maturity of programs, and savings targets
(annual versus cumulative) vary from state to state. This challenge is discussed extensively in a
recent technical report published by Lawrence Berkeley National Laboratory (“LBNL").® This
report provides some further insight into utility customer-funded energy-efficiency program
costs, using what the study refers to as the levelized cost of saved energy (“levelized CSE”). It's
important to note that this calculation is not consistent with the methodology used in this Plan or
for traditional CIP evaluation in Minnesota; however, it does provide another perspective for

8 LBNL. 2014. The Program Administrator Cost of Energy Saved for Utility Customer-Funded Energy Efficiency
Programs.
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consideration when evaluating effectiveness of programs. For example, this report highlights the
impact of measure lives in the overall cost evaluation of conservation programs, in addition to
the impact of measures and program spending. Figure 5 was included in the report to
demonstrate this effect:

Figure 5: Impact of different program average measure lifetime assumptions on the levelized CSE for
electricity efficiency programs®
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Measure lives are determined based on engineering estimates using the best available data
at the time of estimate and they can vary by region, state and utility.® Though some of the
difference can be attributed to different climate zones or customer behavior, some of the
difference is more arbitrary and due to differences in regulatory rules, lack of data, or
methodology.

o Figure 3-20 in LBNL. 2014. The Program Administrator Cost of Energy Saved for Utility Customer-Funded Energy

Efficiency Programs.

1% The Minnesota Technical Reference Manual (TRM), developed and maintained by the Department of Commerce,
consists of a set of standard methodologies and inputs for calculating the savings impacts and cost-effectiveness of
energy conservation improvement programs (CIP) in Minnesota.
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The effect of measure lives and lifetime savings estimates is one of the biggest factors
contributing to the uncertainty and risk of using energy efficiency as a long-term resource.
Changing lives of measures can have a significant impact on both the cost of energy saved
when cumulative (lifetime) savings are being considered, and on actual cumulative savings
realized compared to planned.

Portfolio design factors including technology mix, comprehensiveness, target markets, and
new program/product introduction, in addition to regulatory or industry factors such as
measurement and verification standards, accepted measure lives for different technologies, and
codes and standards are all changing and evolving faster than ever in today’s energy-efficiency
environment. As a result of these changes and their impacts on the assumed measure lives,
changes in the cost of achieving specified levels of lifetime savings could be substantial,
frequent, and unpredictable during the resource planning period. For the purpose of estimating
net benefits, these estimates work well. However, given the volatility of, and difficulty associated
with accurately estimating measure lives, relying too heavily on energy efficiency in resource
planning presents a risk.

For illustrative purposes, Figure 6 shows how the level of savings resulting from a single
program year are expected to decrease over time given the technology mix assumed in that
plan (Existing Plan). If the source (technology, sector, or customer type) of the actual savings
realized from that program year differ significantly from the assumptions made in the plan, this
pattern could be substantially different. Furthermore, this impact would be compounded if similar
variances between the sources of realized savings and of planned savings occur in multiple
years.

Figure 6: Expected Lifetime Savings for the Existing Plan
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Conservation Program Strategy — Design & Delivery

As discussed in its current CIP triennial fiIing,11 Minnesota Power exercises a mindful,
balanced approach in terms of traditional program design versus less established, emerging
opportunities. The Company uses a combination of “direct savings” and “indirect savings”
programs that complement each other and provide for a comprehensive customer experience.
Power of One® Home, Power of One® Business, and Energy Partners remain the foundation
programs that consistently deliver energy savings within the Power of One® conservation
program portfolio. These savings are achieved typically through more established methods like
rebates, incentives, and/or direct installations. While rebates certainly remain part of the
equation for success in influencing customer choices, the value of Power of One® program
services and resources are not solely derived from direct rebate programs. Minnesota Power
provides customers with the tools and resources they need to make informed choices. These
services are delivered through the Company’s cross-market programs: Customer Engagement,
Evaluation & Planning, Research & Development, Energy Analysis, and Customer Renewable
Energy. These programs support direct savings programs and serve as a pipeline for projects
that ultimately deliver on program objectives, as featured in Figure 7.

Figure 7: Program Integration
N One Community
|
Customer Engagement
Energy Analysis
Research & Development

Renewable Energy

Evaluation & Planning

Energy Savings

0 i-’fi %f‘c;;,zc Q\“L t:u-i.(/w 4
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All programs within Minnesota Power’s conservation program portfolio follow the Power of
One® conceptual pyramid shown in Figure 8, which seeks to spur meaningful engagement
through understanding, tools & resources, informed choices and right-fit options.

! Minnesota Power’s 2014-2016 Triennial CIP Filing; Docket No. E015/CIP-13-409.
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Figure 8: Minnesota Power’s Conceptual Pyramid

Power of One® Home: High-level Overview

Power of One® Home is a comprehensive, portfolio-based residential sector program
designed to help customers make informed choices about how they use energy in their homes.
It leverages dollars, information, and infrastructure for effective program development and
implementation. The success of Power of One® Home is based on connecting with the right
customers through communities and one-to-one contacts.

Through the Energy Partners Program, Minnesota Power provides income-eligible
customers with energy-efficient products and services to help them use energy more effectively.
Program delivery is accomplished primarily through local community agencies and is built on the
principles that education and collaboration are essential in empowering and engaging low-
income customers. Though Energy Partners is a key component of the overall platform, due to
the nature of the low-income market segment, the Energy Partners program is held at the
existing plan level in all scenarios for the purposes of resource planning.

Power of One® Business Platform: High-level Overview

The Power of One® Business Program serves as the primary forum for reaching and
serving business, industrial, agricultural, and public sector customers. It provides a common
platform which enables the Company to encourage a broad base of customers to make effective
energy choices, while providing the flexibility required for addressing the unique circumstances
of various business types. Program success is best measured through the eyes of customers,
and is exemplified by the growing percentage of customers who have projects that span across
multiple years as opposed to “one-and-done” rebates.

When considering energy-saving opportunities, projects are reviewed with consideration
toward not only energy savings, but also operating costs, effective design and technology
utilization, unit output and overall productivity. By following a well-grounded model, energy
conservation can become an integral part of sound investment decisions; supporting the
customer’s overall asset planning, informing resource considerations, and garnering buy-in from
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operations personnel. This model leads to identification of effective short-term projects while
also providing a path toward long-term effective use of energy resources.

Through this program, both new and established, but underutilized technologies and
process improvements are promoted and delivered. Other tools may include cost sharing for
design assistance on a proposed new building, a compressed air study at an existing
manufacturing facility, and/or monitoring facilities to identify “hot spots” to pinpoint the greatest
opportunities for improvement. Power of One® Business also reinforces the importance of the
commissioning process, when projects are implemented, both during initial start-up and during
periodic tune-up periods.

Conservation Planning Goals

Although the primary focus of CIP strategy and planning efforts is to design and deliver an
effective suite of energy-efficiency programs that comply with CIP statute and support increased
customer satisfaction, this strategy also naturally and intentionally supports the Company’s
resource planning goals. The State recognizes this natural relationship which is addressed in
Minnesota Rules'? by requiring an explanation of how CIP helps enable the utility to meet its
long-term DSM resource planning goals. Despite the inherent relationship between CIP and
resource planning, CIP is driven first and foremost by the rules and statutes set forth by the
State that directly govern and guide program design, delivery, and reporting, all of which are
intended to achieve a range of goals. Another distinguishing factor is that CIP energy savings
are based on an annual goal using three-year weather normalized sales from a specified
reference period that is held constant over the related triennial period. Annual program results
are reported based on first-year savings as opposed to cumulative energy savings inclusive of
prior year efforts.

CIP is intended to deliver cost-effective, environmentally-friendly energy savings that
reduce overall demand for electricity, but programs also must comply with a detailed set of rules
which include mandates on portfolio comprehensiveness,*? inclusion of specific technologies
and programs, a specific robust set of guidelines for cost effectiveness (based on the standard
California benefit-cost tests),** and minimum spending requirements for low-income customers.
Using these guidelines and requirements, the Company submits savings goals and program
plans for approval through the triennial filing process. Once approved, the Company is obligated
to work within the filed framework for the duration of the three-year CIP.

When included in the resource planning process, energy efficiency is assessed based on a
much narrower subset of criteria that considers cumulative energy savings. Though it is
important to incorporate CIP targets in resource planning goals, it should be viewed separately
from CIP filing goals and targets. It is crucial to keep in mind that CIP activities are ultimately
driven by approved and mandated CIP-specific goals, statute, and rules.

As Minnesota Power prepares the 2017-2019 Triennial plan, which will be filed on June 1,
2016, more detailed analysis will be conducted which will inform the Company’s recommended
savings goals for the three-year period as well as the detailed program strategy for meeting

12 Minnesota Rules 7690.0500, subpart. 2 (D).
13 |n the matter of Minnesota Power's 2014-2016 Triennial Filing, Docket No. E015/CIP-13-409, October 10, 2013.
14 Minnesota Rules 7690.0500, subpart. 2 (E).
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those goals. The analysis performed for this resource plan evaluation will be incorporated in
triennial planning, building upon these insights and further evaluating the scenarios for
reasonableness and feasibility for the 2017-2019 delivery period.

Power of One® Platform: Planning Process

The Power of One® planning strategy begins with understanding Minnesota Power’s
customer base, how customers use energy, what technologies or processes impact usage, and
how best to deliver programs and services. As these factors change over time, the Company
modifies its portfolio of programs to ensure they continue to effectively achieve savings and
address the current, as well as anticipated needs, of its customers.

The overall planning approach, which creates a solid framework for implementation,
combined with a delivery approach that has a strong focus on customer engagement and
providing right-fit solutions, creates a flexible strategy that delivers many levels of customer
benefits and achieves cost-effective savings that benefit the community and the Company.

Understanding Minnesota Power’s Customer Base

Minnesota Power is unique among utilities in that more than half of its load comes from a
few large industrial customers. Moreover, roughly 66 percent of the Company’s load comes
from 15 customers who are exempt from participating in and paying for CIP. As a result, CIP
goals, funding and design focus on the remaining 3,000 GWh of the Company’s total retail load.

Figure 9a: Minnesota Power Retail Sales by Sector

Sales Subject to CIP
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Figure 9b: Minnesota Power Customer Counts by Sector
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Of the 3,000 GWh of load subject to CIP, about 35 percent come from approximately
121,000 residential customers and roughly 65 percent comes from about 23,000
commercial/industrial customers.

Consistent with the requirements regarding portfolio comprehensiveness,* Minnesota
Power strives to create a balanced portfolio of conservation programs with a variety of energy
efficiency measures that ensures all customers paying into CIP have the opportunity to
participate while still targeting the most cost-effective savings.

During the budget planning process, historical revenue and sales contributions by customer
class are factored in to help inform direct-impact spending allocation between classes.
Historically, the Company’s conservation plans have targeted about 20 percent of savings and
budgeted roughly 35 percent of direct impact spending for residential and low income
customers, and the other 80 percent of savings and 65 percent of direct impact spending for C/I
customers. Similar considerations were taken into account when developing alternative savings
scenarios for the resource plan.

Figure 10 depicts retail revenues by customer class (net of revenue from CIP-exempt
customers) on the left and planned allocation of direct-impact spending as seen in Minnesota
Power’s 2014-2016 CIP Triennial Filing.*®

'3 |n the matter of Minnesota Power's 2014-2016 Triennial Filing, Docket No. E015/CIP-13-409, October 10, 2013.
' Minnesota Power’s 2014-2016 Triennial CIP Filing; Docket No. E015/CIP-13-409.

Minnesota Power’s 2015 Integrated Resource Plan Page 12
Appendix B: Demand Side Management — Part 1



Figure 10: Retail Revenues and CIP Direct-Impact Spending by Customer Class
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Commercial and industrial program planning in particular requires a deeper understanding
of customer mix, business operations, and related processes. Large commercial and industrial
projects are less predictable from a program planning perspective in that they involve site and
process specific custom calculations, and are largely dependent on point-in-time customer
economic and business development opportunities. To provide confidence in reported savings
and in acknowledgement of the complexity of these types of projects, robust measurement and
verification protocol'’ are followed to ensure reasonableness of savings assumptions and
related methodologies for arriving at them. Generally, these projects are far more cost-effective
than smaller commercial projects. The level of detail needed to calculate these savings is not
typically available at the time CIP triennial plans are being developed. Conversely, smaller
commercial projects can rely more heavily on standardized prescriptive measures and
participation assumptions.

In the past, Minnesota Power has been able to focus heavily on the large customized
projects. In doing so, the Company has seen a high level of success due in large part to the
carefully cultivated relationships the Company has developed with these participants—many of
whom continue working with Minnesota Power’s CIP team for several years at a time,
completing numerous large-scale projects that span planning periods and program reporting
years. This approach fits well with the Company’s emphasis on meaningful engagement,
informed choices and right fit options, but provides for potentially irregular performance across
program years.

As the customer mix and opportunity shifts, Minnesota Power will need to plan for more C/I
program elements that target smaller scale prescriptive projects than it has in the past in order
to continue meeting savings goals. In doing so, the overall C/l program costs will likely rise and
performance will become more comparable to other utility programs. As a point of reference, the
industry average cost/kWh for C/I programs was $0.16 higher in 2013 than those for Minnesota
Power’s C/I programs.*®

o Regarding Large Project Measurement and Verification Protocols, Docket No. E,G999/CIP-06-1591.
18 E-Source: DSM Achievements and Expenditures 2013 Research Results.
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Understanding Customer Use and Technology Trends

The next step in the planning process is a combination of understanding customer use and
behavior and evaluating opportunities in energy-efficiency technology. For residential programs,
this process is fairly straightforward and relies mainly on standardized prescriptive measures,
industry best practices, codes and standards, and analysis of recent performance. For C/I
programs, Minnesota Power takes a more systematic approach involving analysis of historical
trends and new opportunities at the individual technology level. Prescriptive measures and best
practices are not as well suited to inform these program plans. This is largely due to the fact that
the majority of the Company’s C/I savings come from custom projects that address specific
customer needs and conditions. The Company also incorporates ongoing and extensive
research and development initiatives in its conservation portfolio which provide valuable insight
for future program planning across eligible customer segments.

In the industry, potential studies have frequently been utilized to help inform these
evaluations. Due to the cost and lack of relevance of these evaluations, Minnesota Power has
chosen to instead explore similar, more cost-appropriate services that focus on the key areas of
research needed to supplement the Company’s internal efforts and proven program success.
Figure 11a shows average contributions by technology to average residential energy use and
expected/planned contributions by technology to 2016 residential energy savings. Statistics
regarding average use by technology are used in conjunction with energy-efficiency technology
research to understand where the best opportunities for savings are specific to Minnesota
Power’s customers.

Figure 11a: Residential Energy Use and Savings:
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Though commercial programs are also designed to consider a mix of technologies,
consumption by end use varies widely by business type. As such, a general breakdown of
energy use by technology is not as meaningful. Planned C/I savings by technology for 2016 are
as follows:
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Figure 11b: Planned Commercial/Industrial Energy Savings by Technology
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Differences between Design and Delivery

Reported program results will inevitably vary from planning assumptions. One of the biggest
factors that will drive variance to plan is completing one or several large projects during the
year.' This scenario has been exemplified in the Company’s 2013 and 2014 CIP results. Given
the irregular potential for large project opportunity in any given year, and some uncertainty
surrounding approval and magnitude of the associated savings, it is difficult to plan for large
project impacts year after year. Furthermore, allowing irregular projects of this nature to trend
into the future could unintentionally create a compounding effect that would significantly
overstate savings potential. A conservative approach is taken to including projects of this scale
in planning assumptions in order to avoid setting unrealistic goals and budgets. Instead, these
projects are reviewed and reported on a case-by-case basis in close collaboration with
Department of Commerce technical staff. Consequently, historical levels of achieved savings
will not necessarily be reflected in future savings projections.

Similarly, variances in economic conditions and changes in consumer behavior will have an
impact on actual results as compared to planned savings. Small deviations can be addressed
during delivery. For example, if the adoption rate of a technology such as light emitting diode
(“"LED”) light bulbs is higher than anticipated, the Company may make slight modifications to
planned promotions or make updated assumptions about where the savings in the affected
planning period will come from. If economic conditions are negatively affecting willingness to
spend on energy efficiency, more bonuses and promotions may be employed to increase
participation or an increased focus on operations and maintenance as opposed to capital
investments may be prudent, as was evidenced in the 2010 CIP Consolidated Filing.?

1% Minnesota Power considers a large project any single project achieving energy savings of 1,000 MWh or greater.
%% Docket No. E015/CIP-08-610.02.
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Modeling Conservation for Resource Planning

Minnesota Power’s 2013 Integrated Resource Plan (“2013 Plan”) Order directed the
Company to evaluate additional conservation scenarios for its non-CIP exempt customers and
provide cost assumptions for increasing levels of conservation.?! Based on the Company’s
current CIP strategy and analysis of historic performance and future opportunities, Minnesota
Power provided three higher than existing® alternative CIP savings scenarios and developed
cost projections for each. These scenarios were incorporated in the Strategist modeling
process, and were further evaluated using the standard CIP benefit-cost tests. The ratepayer
impact test was taken into careful consideration, and additional rate impact analysis was
completed in order to assess the reasonableness of the resulting bill impacts associated with
each alternative scenario. The standard CIP benefit-cost test results and the rate impact
analysis are included and discussed in Part 2 of Appendix B.

High-Level Summary of Modeled Scenarios

A high-level summary of the modeled scenarios is shown in Table 1. The “Scenarios”
section has two columns describing the four scenarios: The first column titled “% of Sales”
represents the level of savings as a percentage of average weather normalized 2010-2012,
non-CIP exempt retail sales—the baseline for the 2014-2016 Triennial plan.”® The second
column titled “Plan” represents the additional GWh the associated plan includes in terms of first-
year savings as compared to the existing plan. This is the terminology that is used to refer to the
scenarios throughout Appendix B.

Note the energy and demand savings shown here are first-year savings and the associated
costs are estimates for the plan year 2017. Refer to Part 2 of Appendix B for more details and
evaluation results.

2L |n the Matter of Minnesota Power’s 20132027 Integrated Resource Plan, Docket No. E-015/RP-13-53, November
12, 2013.

= Existing plan is based on the currently approved 2014-2016 CIP Triennial, Docket No. E015/CIP-13-409.

% n accordance with Minnesota Rules part 7690.1200, 2010-2012, weather-normalized average retail energy sales
were used to calculate the electric savings goal for Minnesota Power’s 2014—-2016 Triennial CIP. This equated to
3,071,179,967 kWh, net of CIP exempt customers at the time of the Triennial Filing. Savings as a percent of sales in
Chart 1 were calculated using this figure. In 2014, Minnesota Power had three newly exempt customers. Adjusted
weather-normalized average retail energy sales excluding these customers is 3,013,600,651 kWh.
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Table 1: Summary of Alternative CIP Scenarios

Annual Program Costs (million $)

*Annual Savings at

the Generator

% of Total E Summer
ner
Sales** Plan Incentives | Admin | Nonimpact Total Incremental (GW?l))l Peak
(rounded) Costs (GW)
1.5% Existing $3.4 $1.2 $2.4 $7.1 $0.0 46.5 0.0071
+11
1.87% $4.8 $1.7 $3.2 $9.7 $2.7 57.3 0.0087
GWh
+15
2.0% $5.6 $1.9 $3.6 $11.1 $4.1 61.2 0.0093
GWh
+ 30
2.5% Gwh $9.4 $2.9 $5.3 $17.6 $10.5 76.5 0.0116

Developing Cost Assumptions

Figure 12 expands on the Minnesota Power Historical CIP Performance graph (Figure 1) to
include planned/expected costs and savings (as filed in the current triennial) through 2016 as
well as the three alternative CIP scenarios developed for resource plan modeling for the year

2017.

Figure 12: Historical, Planned, and Modeled CIP Energy Savings (First Year)

90

80

Achieved
(Historical)

Filed
(Planned)

Scenarios
(Modeled)

70

60

50

GWh

40 -

30 A

20 A

oo

Yol

2o®

I Energy Partners

C—Business Lg Projects

g0 g o® o ©

SN

C—Home

g [ xpenditures

Q’\?’ ,LQ'\

B

0\°

20

I Business

,lg’\Q)’\ O“\“\\

N qup'\’l \)(7‘()'\1 W

G\N“;Q G

&

=

(o]
Millions

- $16

- $14

- $12

- $10

- $8

- $6

- $4

- $2

- $0

—e=— Total Expenditures less Lg Projects

Minnesota Power’s 2015 Integrated Resource Plan
Appendix B: Demand Side Management — Part 1

Page 17



Due to the prevalence of large cost-effective projects in recent years (represented by the
white bars above) and the length of the planning period, the Company has made an effort to
minimize risk through more normalized assumptions. To do so, cost assumptions for the
modeled scenarios were based more heavily on future expectations rather than on historic
performance. As discussed previously, savings associated with unusually large projects or
recently exempted CIP participants should not be included in trend analysis and savings
projections. Inclusion potentially overstates the Company’s ability to achieve, or understates the
costs necessary to perform, especially when being considered for long-term planning purposes.
Looking instead at the adjusted figures, the graph shows the projected costs for the alternative
scenarios are not out of line with historical trends. Moreover, it is not unreasonable to assume
increased costs for the higher savings scenarios until further insight can be attained on the
ability to perform during periods with little to no opportunity for large-scale projects. These
projections are both appropriate and justifiable based on the various factors that have already
been discussed, among other key cost assumptions used to develop the scenarios.

Given a higher savings target, in order to minimize the risk of under-budgeting or under-
performing, costs were considered and estimated for some potential strategies that would be
used to supplement existing programs. One of the key areas identified for potential savings
growth is the small commercial market, which historically has been one of the harder-to-reach
customer segments. These programs generally rely on more prescriptive measures delivered
through rebate and direct install programs that are similar in structure and cost to residential
programs. As a result, cost assumptions for new activities such as rebate processing and
fulfillment that would be necessary to successfully implement more robust small commercial
programs were considered in higher savings scenarios. Some of these costs were estimated
using the current residential costs for the same activities as a reasonable reference point.

Minnesota Power expects larger participant incentives and increased marketing efforts will
be necessary to influence harder-to-reach customer segments that will be essential to meeting
higher savings goals, especially as market saturation continues to increase. Thus, anticipated
costs were assessed related to the need for improved accessibility to program data. More in-
depth analysis will be crucial for identifying effective outreach and delivery strategies, and areas
with high savings potential. Increased program modification and growth activity also necessitate
more resources to manage intensified efforts related to research and new program
development, additional measurement and verification needs, regulatory compliance needs, and
increased program implementation. Many of these needs were indicated or discussed in the
current CIP Triennial Filing, and will continue to be considered for the next planning period.

Conclusions

The source of savings in terms of customers and technologies will inevitably change as
programs continue to mature and technologies evolve. As utilities strive to meet the aggressive
goals set forth in statute, adaptive strategies will need to be deployed. Insights regarding
customer preferences and energy consumption choices will be an integral part of future
program design and delivery, not only as it applies to direct-impact programs but also as it
relates to improving and introducing more effective customer engagement tools. Further, codes
and standards as well as regulatory uncertainty and alignment of policy objectives with
performance-based incentives are important components that will influence the ongoing
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success and commitment to conservation. Major changes to these policies could significantly
impact the Company’s capacity to invest in new and improved programs and its ability to sustain
current levels of success.
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ENERGY CONSERVATION RESOURCE ALTERNATIVES
AND RATE IMPACT STUDY

Executive Summary

In the past, Integrated Resource Plans (IRP) relied on technical, economic and achievable
potential studies to determine the demand-side management (DSM) resources available for
selection. These studies require substantial market research and load research information.
Some utilities use borrowed data and averages from national or regional sources. The results
and applicability of such studies are somewhat limited, while still very expensive.

Integrated Resource Plans generally use the net present value of revenue requirements as the
selection criteria. Consequently, the resulting plans often include an amount of DSM, especially
conservation, because conservation generally reduces revenue requirements. However,
conservation additions also increase rates. In today’s globally competitive environment, rates
are important. The rate impact on customers should be an important consideration and may be
a limiting factor to the amount of conservation included in the IRP.

Minnesota Power commissioned an update of the study originally prepared for its 2004
Integrated Resource Plan to examine the rate impact of several conservation plan scenarios
alongside the standard Societal, Utility and Ratepayer tests. In this report, DSM refers to
energy conservation resources. The study determines the significance of conservation-induced
rate impacts and provides insight helpful to determining the proper amount of conservation to be
included in Minnesota Power’s IRP. Although Minnesota Power commissioned this study, the
views expressed are those of the author and not necessarily those of Minnesota Power. In
addition, Minnesota Power edited the study document to maintain style and format consistency
with the overall IRP filing.

Conclusions

e All plans are cost-effective by the Societal and Utility tests.
¢ All plans are not cost-effective by the Ratepayer Impact Measure Test.

e Overall plan cost-effectiveness is driven in a large part by the Commercial/Industrial Project
because of this Project’s large size compared to the Residential and Low Income Projects.

¢ Rates will increase linearly as expenditures for conservation programs increase to a
differential of 0.15¢/kWh in the +11 GWh Plan, then increase to a differential of 0.54¢/kWh
in the highest spending plan, compared to the Existing Plan in 2021.

o Rate impacts of larger conservation plans, such as a plan associated with the achievable
potential, will have even larger rate impacts.

— If a rate impact greater than the maximum shown in this study is acceptable, then
Minnesota Power can investigate the greater levels of conservation associated with a
technical/economic/achievable potential study.

— If the maximum rate impact is unacceptable, then the conservation program size can be
managed within the sensitivity parameters defined in this study, subject to the maximum
acceptable rate impact. In this instance, an achievable potential study would add no
further value, as the rate impact associated with it would be larger than that shown in
this study.
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Methodology

The study methodology defined four plans with various amounts of conservation. The plans
are, in order of increasing spending and impacts:

-16 GWh Plan

e Existing Plan (2014-16 CIP Triennial)

e +11 GWh Plan

e +15GWh Plan
e +30 GWh Plan

The number of GWh associated with each plan refers to the differential in annual savings at the
generator, compared to the Existing Plan.

Minnesota Power’s approved 2014-16 CIP was used as the basis for the Existing Plan for this
study. Four additional sensitivities were constructed around the Existing Plan. For purposes of
the study, 2016 was not considered subject to variation as there would not be sufficient time
following an Order in this proceeding to make changes, if required. The projected spending and
savings for that year were assumed to be identical in all plans. Plan variation began in 2017.

Assumptions for each plan were developed by Minnesota Power’s CIP group, based on
implementation through the study period—2016 through 2030. The plans were each modeled
and evaluated for cost-effectiveness according to the standard (Societal, Utility and Ratepayer
Impact Measure) tests. The rate impact of each plan, relative to the Base Plan, was calculated
for the year 2021. Plan costs, impacts and participation for all plans in the year 2016 and for
each plan in the year 2017 are summarized in Table ES-1 below:

TABLE ES-1
Cost, Impact and Participation by Plan for the Years 2016 and 2017
Annual Program Costs Annual Savings at Generator
Direct Programs Nonimpact
Admin Total MISO
Plan Incentives | Cost Cost Energy Summer Peak
(%) $) ($) (kwh) (kW)
All Plans - 2016 3,350,992 1,219,205 2,370,445 46,529,577 7,070
-16 GWh Plan - 2017 2,018,548 1,067,930 2,055,176 30,591,778 4,652
Existing Plan - 2017 3,418,012 1,243,589 2,417,854 46,529,577 7,070
+11 GWh Plan - 2017 4,809,780 1,723,687 3,211,156 57,253,438 8,697
+15 GWh Plan - 2017 5,570,768 1,946,120 3,626,781 61,237,888 9,301
+30 GWH Plan - 2017 9,432,408 2.853,205 5,319,279 76,538,175 11,623
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Study Results

As shown in Table ES-2 below, plan energy and demand impacts in the year 2021 increase as
program spending increases. Financial savings increase through the +11 GWh Plan, then
decrease as incentive spending increases dramatically. Financial savings are defined as
annual energy and capacity savings less program costs. The cost-effectiveness tests indicate
that all plans are cost-effective according to the Societal and Utility (Revenue Requirements)
perspectives, but not the Ratepayer Impact Measure (RIM) perspective.

TABLE ES-2
Plan Savings in 2021 and Cost-effectiveness by Plan
Annual—Year 2021 Present Value over Life
Savings at Generator B/C Ratio
Energy Summer Peak | Financial Societal Utility RIM
Plan (kwh) (kW) Savings ($) Test Test Test
-16 GWh Plan 18,011,346 29,850 7,052,841 1.90 3.26 0.49
Existing Plan 277,608,373 41,922 10,039,783 2.01 3.58 0.50
+11 GWh Plan 331,165,798 50,045 10,576,048 1.97 3.24 0.49
+15 GWh Plan 351,065,046 53,063 10,332,800 1.95 3.05 0.49
+30 GWh Plan 427,478,185 64,652 8,220,065 1.89 2.44 0.49

Figure ES-1 indicates the rate impact of each plan, relative to the Base Plan, in the year 2021.

FIGURE ES-1
Conservation Rate Impact by Plan in the Year 2021
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ENERGY CONSERVATION RESOURCE ALTERNATIVES
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All of the plans, except the -16 GWh Plan, increase rates with respect to the Existing Plan.
Larger plans than those examined in this study, such as the achievable potential, would be
expected to increase rates even more. Rates increase because revenues decrease more than
kWh savings.
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ENERGY CONSERVATION RESOURCE ALTERNATIVES
AND RATE IMPACT STUDY

1. Introduction

This report details the methodology and results of a sensitivity study that examines the cost-
effectiveness of conservation plans from the perspective of the standard DSM cost-
effectiveness tests and the nominal rate impact on Minnesota Power’s customers.

The following sections include a description of the historical DSM perspective, the study
methodology and assumptions used and the study results.

2. Historical DSM Perspective

Before the inception of large utility conservation programs in the mid-1980s, utility resource
planning consisted primarily of developing generation expansion plans that incorporated a peak
demand forecast, modified by the impacts of customer load management. The cost-effective
plan was one resulting in the minimum present value of future revenue requirements over the
study period. In the mid-1980s, the Electric Power Research Institute (EPRI) instituted its
demand-side management (DSM) initiative, which stressed the inclusion of all types of
customer-oriented programs in the strategic planning process. Although such programs
included all types of customer load modifications promoted by the utility—such as load-building,
load management and conservation—DSM became most closely linked with conservation. In
this report, the term DSM refers to Minnesota Power’s conservation projects offered through
Minnesota’s Conservation Improvement Program (CIP).

The addition of conservation to the planning process added a new level of complexity. The
utility had to choose between adding new capacity resources to meet the projected growth in
sales and reducing sales growth through conservation programs that were likely to reduce or
delay capacity purchases or resource additions. Generation expansion planning became
integrated resource planning. In addition to selecting among various supply resources, the
utility now had to estimate the amount of conservation available over time, determine the
amount that could be reliably expected to reduce demand and energy and select the amount to
be developed.

Conservation Potential

Including conservation options in the resource plan made it necessary to first estimate the
conservation available. For example, if a utility was to include efficient residential air
conditioning as an option, the utility needed to determine how many megawatts (MW) and
megawatthours (MWh) that option would reduce peak demand and sales. To accomplish this,
the utility had to first know the age, size and efficiency of existing air conditioners as well as the
efficiency assumed in the sales forecast. Then it had to determine the availability of more
efficient equipment in the market and the added cost of that equipment. Only then could it
determine the energy savings likely if all customers switched to the highest level of efficiency,
and the cost of going to that efficiency—the technical potential.

In the past, conservation potential was determined through technical, economic and achievable
potential studies. The relationship among these studies is illustrated in Figure 2.1 below.
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Figure 2.1

lllustration of Technical, Economic and Achievable Potential
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A technical potential study identifies the MWh and MW savings that could be obtained if all
existing and future energy equipment is converted to the most efficient available equipment, bar
“A.” It also identifies the additional cost of implementing the most energy efficient measures. A
life cycle economic screening of these measures, usually using the Societal Test to evaluate
against a standard supply plan, identifies the most expensive measures as not being cost-
effective. These are eliminated from further consideration (the upper segment of bar “A”). The
remaining savings are known as the economic potential, shown as bar “B.”

Being cost-effective does not necessarily mean that any given measure will be implemented by
customers. Other factors influence the customer’s decision, such as lack of awareness,
individual preference, equipment availability, etc. Assessment of these factors and the influence
they have on the purchase of energy equipment yield the achievable potential, bar “C.” Various
combinations of measures falling into the achievable category can then be developed as a
conservation plan considered in the IRP. The conservation associated with the plans of this
study fall within the achievable potential.

Difficulties incorporating Conservation into an IRP

Data Availability

Determining the vintage, age, efficiency and mix of the energy equipment stock and how that
stock changes over time requires substantial market research and load research information.
Many utilities, including Minnesota Power, do not possess the depth of information required to
develop the technical potential. Development of the information is very costly, both in personnel
commitment and dollars. A commonly used alternative is borrowed data and averages from
national and regional sources, together with limited research. A technical potential constructed
in such a manner will yield the required data, but the data’s validity is limited and the study is
still very costly. The development of the achievable potential involves the use of various
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assumptions regarding the likelihood of customers to implement measures of various cost-
effectiveness. The validity of these assumptions can only be tested over time.

Selection Criteria

As do many jurisdictions, Minnesota uses the minimum net present value of revenue
requirements as the selection criteria in its resource plans. While such a criteria was
unquestioned in expansion planning, where sales assumptions were constant, it creates
problems under the varying sales projections resulting from the introduction of conservation.
Conservation measures, except for the most expensive, generally lower revenue requirements.
Unlike supply resources that have an initial cost (capital) and an annual cost (fuel and O&M),
conservation measures generally only have an initial utility cost (incentives to customers and
program administration). The use of minimum net present value of revenue requirements tends
to result in resource plans that include a large amount of utility-sponsored conservation.
However, conservation reduces energy (kWh) much more than demand (kW). Since resource
needs are determined more by kW than kWh, conservation generally replaces only a small
amount of future generation needs. It also increases reliability risk because it is not directly
controlled by the utility; customers can remove conservation or use it differently than assumed.

Because the conservation program reduces the future sales by a greater percentage than the
cost, the effect is to increase rates in any given year, compared to not implementing
conservation. In the regulated environment of the past, this rate impact was ignored by many
utilities and regulators, either because it was felt that the impact was small or because the
impact had not been quantified. The potential studies required by regulators did not examine
nominal rate impacts on a year-by-year basis.

Nationally, the importance of the rate impact became evident with the emergence of
deregulation. Large utility-sponsored conservation programs disappeared in many states
subject to deregulation. These programs were successful in helping customers lower their
electric bills, the main argument for implementing conservation, but competitors entered the
market and offered those customers a lower rate than the home utility could. To compound the
problem for the utility that developed the conservation, the utility rate was higher than it would
have been without the conservation program. The very program that helped the utility lower
customer bills also put the utility at a competitive disadvantage.

Minnesota is not in a deregulated electric market. That does not mean electric utilities do not
face competition. Natural gas companies promote their product as being less expensive than
electricity. Natural gas competes with electricity in many industrial, commercial and residential
markets, including manufacturing processes, cooking and water heating. Promoters of
customer-installed generation compete against utilities when the utility rate gets too high. This
can occur even though the utility may have provided conservation to lower the customer bill.
Apart from these examples, utilities, with regulatory oversight, have the overarching
responsibility to provide electricity at a reasonable price to all customers. This requires
examining and weighing the costs and benefits of all factors contributing to rates.

Minnesota Power Approach
To determine an appropriate conservation spending level, this study calculates the rate impact

of each of four alternative conservation plans. This study provides valuable information not
directly obtained in a technical potential study, and for a fraction of the cost. Any additional
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conservation resulting from a technical potential study can be assumed to require even greater
spending than the most costly plan in this study, thus resulting in a greater rate impact.

If the maximum rate impact of the highest cost plan is acceptable, Minnesota Power can discuss
cost recovery with the appropriate regulatory agency for conducting the potential studies at a
future date. However, if the maximum rate impact determined by this study is at or above the
acceptable limit, then the focus should be limited to the plans with spending at or below the
acceptable limit. In this instance, the achievable potential study would add no further value, as
the rate impact associated with it would be larger than that shown in this study.

3. Study Methodology

Define the five Plans;

Develop the sensitivity parameters for each plan;
Evaluate each plan through the year 2044;

Calculate the rate impact of each plan in a given year.

Define the Five Plans

Minnesota Power’s approved 2014-16 CIP was used as the basis for the Existing Plan for this
study. For purposes of the study, 2016 was not considered subject to variation as the year will
most likely be partially over before an Order is obtained. The projected spending and savings
for that year were assumed to be identical in all plans. The Existing Plan consisted of direct
impact project spending of $4,570,197, energy savings of 46,530 MWh and MISO summer peak
savings of 7.1 MW at the generator in 2016. The 2014-16 CIP included annual nonimpact and
renewable spending of $2,370,445 in 2016. The approved spending levels and resulting
participation of this Existing Plan were assumed to occur through 2030, coinciding with the
study period of the IRP. The Existing Plan is approximately consistent with the savings goal of
1.5% of sales.

Four additional sensitivities were constructed around the Existing Plan. The sensitivity plans did
not examine the impacts of additional measures but determined the effects of modifying
incentive, administrative cost and participation assumptions, using the same set of measures.

In the Existing Plan, the assumed 2016 participation was held constant through 2030. Program
and participant equipment costs were permitted to escalate 2.0 percent per year after 2016 to
account for inflation in all alternatives, including the Existing Plan.

The -16 GWh Plan represents a decrease in aggressiveness compared to the Existing Plan.
Savings are approximately equal to 1% of non-exempt sales and are 16 GWh less than the
Existing Plan on an annual basis. Incentives were reduced, advertising was decreased and
fewer personnel were assigned to promote and administer the program. Spending was lowered
to approximate the minimum spending requirement that also includes non-impact spending. In
addition to costs being reduced, participation was decreased as well. 1% Plan energy savings
do not meet the current minimum savings goal.

The +11 GWh Plan represents a moderate increase in program aggressiveness compared to
the Existing Plan. Incentives were moderately increased, advertising was increased and more
personnel were dedicated to administering and promoting the program. Participation increased
to a level greater than in the Existing Plan. The savings associated with the +11 GWh Plan are
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11 GWh greater than in the Existing Plan on an annual basis and are consistent with the
Commission Order in Docket E015/RP-13-53.

The +15 GWh Plan represents an even greater increase in program aggressiveness compared
to the Existing Plan. Incentives were moderately increased, advertising was increased and
more personnel were dedicated to administering and promoting the program. Participation
increased to a level greater than in the +11 GWh Plan. The savings associated with the +15
GWh Plan are 15 GWh greater than in the Existing Plan on an annual basis.

The +30 GWh Plan represents a substantial increase in program effort. Incentives approach
full incremental cost. Advertising was further increased and even more personnel were
assigned to the program. Participation increased beyond that in the +15 GWh Plan.

In the -16 GWh Plan, the +11 GWh Plan , the +15 GWh Plan and the +30 GWh Plan, the
Energy Partners Low Income project was not varied in size, but was kept at the Existing Plan
level. Minnesota Power is currently attempting to meet the needs of this customer class and
already spends well beyond the minimum spending requirement for this sector.

Develop the Sensitivity Parameters for Each Plan

The variations in the parameters for each plan were developed by the Minnesota Power CIP
group, which included those currently involved with the program. These individuals have the
most realistic view of how program costs and participation would change as a result of the
financial and operation changes.

Team members were provided cost, participation and savings information, on a per-measure
basis, for the 2016 Existing Plan. They developed the parameters defining each plan. A
spreadsheet permitted assumption changes to be made and the resulting savings and total cost
impacts viewed.

First, changes were made to incentive levels. Then, assumptions were made regarding the
change in advertising that would accompany the incentive changes and the number of
personnel required to implement and administer the program. This yielded new administration
cost. Finally, an estimate was made of the change in participation that would occur. This
yielded total incentive costs and total energy and peak savings. The actual assumptions and
first-year results are discussed and listed in Section 4.

Incentives for direct-install projects were not modified. That is, the measures were supplied at
no cost in all plans. Program participation was affected by varying the administrative and
implementation effort as well as by varying advertising. In addition, the low income expenses
were not lowered beyond those in the base plan. In all plans, the Industrial exempt
customers—those not funding or participating in the conservation program—remain exempt
customers.

Evaluate Each Plan Through the Year 2044

Program assumptions consistent with each plan were entered into the DSManager model, the
model used to evaluate the CIP projects. Since the 2014-16 CIP was developed two years ago,
the avoided energy and capacity costs, as well as rate escalations and externalities were
updated for this study. Each project in each plan was evaluated from the year 2017 through the
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year 2044, with implementation ending after 2030. Cost-effectiveness results for the Societal,
Utility and Ratepayer Tests were calculated. These are detailed and discussed in Section 5.

Calculate the Rate Impact of Each Plan in a Given Year

To calculate the rate impact of the various plans, revenues and sales must be known for the
year for which the rate impact was calculated. The rate impact was calculated for the year
2021, the fifth year of varied plan implementation. The 2014 kWh sales for CIP customers were
provided by Minnesota Power and escalated at 0.55% per year to 2021. The average rate for
2021 was calculated by using the 2014 average rate of 7.37¢/kWh for the group of customers
participating in conservation. This rate was escalated to 2021. This value multiplied by the
2020 sales equals the revenue for that year.

Changes in costs and energy savings for each plan were netted from the 2021 revenue and
sales so that new rates could be calculated. These plan rates were then subtracted from the
Existing Plan rate to determine the rate impact of each plan. The rate calculation assumes that
all utility program costs are expensed in the year incurred and that the rate impact is borne by
the customers not exempt from participating in the CIP.

4. Plan Parameters and Assumptions

Existing Plan Assumptions

The Existing Plan used the assumptions developed for Minnesota Power’s 2016 CIP Plan.
Measure assumptions for the Existing Plan are listed in Table 4.1 below for the year 2016.
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TABLE 4.1
Existing Plan Measure Assumptions
Meter Meter
Winter Winter
Incremental Admin Energy Peak Annual Incremental Admin Energy Peak Annual
Year 2016 Cost Incentive Cost Savings | Savings | Participants Year 2016 Cost Incentive Cost Savings | Savings | Participants
®) ®) ®) (kwh) (kW) ®) ®) ®) (kWh) (kw)
Residential 516,568 Commercial & Industrial 586,629
Lighting Lighting 7,512.00 1,799.17 24,480 [ 4.1587 500
CFL - Standard 2.14 1.25 34 0.0058 48,000 Refrigeration 28,734.00 2,420.81 56,667 3.1868 30
CFL - Specialty 5.85 3.10 41 0.0070 15,000 Motor Upgrades 21,697.00 5,370.72 91,800 [ 4.8770 100
Torchieres 15.00 10.00 103 0.0177 35 HVAC 20,288.00 2,223.61 28,333 [ 4.0780 150
LED - Standard 25.32 7.50 34 0.0058 6,000 Compressed Air Upgrades 8,160.00 4,054.98 68,000 8.4100 30
LED - Specialty 26.31 10.00 52 0.0087 6,000 Process Improvements 40,390.00 11,205.39 80,952 [ 10.0358 21
LED - Outdoor 36.81 10.00 103 0.0248 600 IT Equipment 17,000.00 8,447.87 141,667 [ 21.5627 6
LED Indoor Fixtures 33.99 10.00 54 0.0094 1,200 Miscellaneous 16,320.00 1,152.45 136,000 0.0000 5
LED Outdoor Fixtures 35.00 20.00 90 0.0216 55 Influenced Savings 18,410.00 0.00 68,000 0.0000 10
LED Holiday Lighting 9.40 2.00 22 0.0000 3,000 Commissioning 10,000.00 10,000.00 42,500 3.7730 4
Energy Star Appliances
Clothes Washers 50.00 40.00 145 0.0239 1,300 Energy Partners 98,958
Refrigerators 40.00 25.00 139 [ 0.0141 1,000 Lighting
Refrigerator Turn-in 150.00 150.00 915 0.0927 725 CFL Installed by Contractor 4.00 4.00 34 0.0058 1,375
Freezer Turn-in 150.00 150.00 1,134 0.1148 150 CFL Distributed to Customer 2.25 2.25 34 0.0058 370
Window A/C Turn-in 50.00 50.00 298 | 0.0000 50 Torchieries 20.60 43.93 103 | 0.0177 158
Heating and Cooling Lighting Fixtures 41.71 45.00 44| 0.0076 158
Dehumidifier Replacement 20.00 10.00 436 | 0.0000 750 Refrigerator Replacement
CAC Quality Install 75.00 50.00 163 0.0000 250 18 Cubic Foot Refrigerator 710.00 755.00 577 0.0584 133
ASHP Quality Install 75.00 50.00 1,680 0.5090 75 15 Cubic Foot Refrigerator 590.00 635.00 525 | 0.0532 37
Mini-split Ductless ASHP 5,300.00 500.00 11,374 3.6829 40 10 Cubic Foot Refrigerator 490.00 535.00 438 0.0444 19
Std Split System ASHP 544.00 300.00 649 0.1909 15 15 Cubic Foot Freezer 510.00 555.00 261 0.0264 5
GHP Open Loop (4 Ton) 3,972.00 400.00 150.00 30,264 9.4241 5 5-9 ft Freezer 230.00 275.00 198 0.0201 5
GHP Closed Loop (5 Ton) 14,130.00 | 1,000.00 300.00 24,984 7.7852 36 Meter i 0.00 0.00 5.00 0 0.0000 400
ECM - New Furnace 500.00 200.00 800 0.1616 800 Refrigerator Turn-in 100.00 100.00 915 0.0927 189
ECM - Replacement Motor 184.00 100.00 800 0.1616 50 Freezer Turn-in 100.00 100.00 1,134 0.1148 10
Home Performance Project Water Heater
Triple E - Level 1 2,537.00 | 1,000.00 200.00 4,703 1.4211 5 Replacement 95EF 142.00 1,035.00 182 0.0302 50
Triple E - Level 2 5,670.00 | 2,000.00 200.00 6,598 1.9937 10 Showerheads 16.50 16.50 421 0.0698 97
Water Heating Aerators 7.50 7.50 184 0.0305 83
Drain Water Heat Recovery 742.00 400.00 100.00 923 0.1522 5 Pipe Wrap 0.21 0.21 46 0.0076 100
HP Water Heater, EF = 2.5 128.00 50.00 408 0.0673 5 Water Heater Blanket 20.00 20.00 99 0.0164 5
Energy Efficiency Kits Shower Timer 5.50 5.50 188 | 0.0312 165
Smart Pak 15.00 15.00 490 | 0.0808 500 Water Heater Setback 12.00 12.00 65| 0.0108 5
Starter Kit 12.00 12.00 179 0.0272 1,000 Miscellaneous
Direct Install Measures D idifier Re 20.00 200.00 436 | 0.0000 69
Pipe Wrap 0.40 0.40 46 0.0076 630 Engine Block Timer 23.00 23.00 200 0.0000 14
Showerheads 16.50 16.50 421 0.0694 200 Microwave Ovens 129.00 129.00 1,000 | 0.2740 14
Aerators 7.50 7.50 184 0.0303 300 Refrigerator Thermometer 1.00 1.00 95 0.0096 220
Water Heater Blanket 20.00 20.00 99 0.0163 20 Plug Load - Power Strip & Tin| 20.00 20.00 90 0.0103 165
CFLs 4.00 4.00 34 0.0058 2,000 Energy Expo Kits 40.00 40.00 426 0.0572 800
Shower Timer 5.50 5.50 188 0.0310 170 Delivered Fuels - Furnaces 1,254.00 2,850.00 2,807 0.9225 5
Refrigerator Thermometer 3.00 3.00 95 0.0096 500
Plug Load Package
Enable Power Management 15.00 15.00 200 0.0228 160
Timer & Power Strip 20.00 20.00 90 0.0103 250

Incremental cost is the difference between the cost of a standard efficiency measure and a
high-efficiency measure. It is important to this study because the incremental cost was used as
the reference point for the variation in plan incentives. Existing Plan incremental costs were
permitted to escalate 2.0 percent per year after 2016.

Incentive is the cash inducement for customers to install an efficient measure. Incentives can
be in the form of a cash rebate or the direct installation of a measure. Existing Plan incentives
escalated 2.0 percent per year after 2016.

Administrative costs are the costs incurred by Minnesota Power to implement the plan.
Administrative costs were generally determined on a project basis. Payments to dealers for the
sale of certain residential measures, also known as spiffs, were considered as per-measure
advertising costs and were accounted for on a per-measure basis. Existing Plan administrative
costs escalated 2.0 percent per year after 2016.

Energy savings are the annual kWh savings realized by the implementation of a measure.
They are the savings at the customer meter and do not include system losses. The peak
savings, also realized at the customer meter, represent the demand (kW) savings at the time of
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the Minnesota Power winter peak. Thus, they do not necessarily represent the maximum
demand savings of the measure. Energy and savings remained constant on a per-measure
basis throughout the study period for the Existing Plan and the alternative plans.

The annual participation represents the number of residential, low income or commercial and
industrial measures installed in a year. Annual Existing Plan participation remained constant on
a per-measure basis throughout the study period.

Plan Parameter Variation

The alternative plans were developed by varying the per-measure incentives, project level and
per-measure administrative costs and annual participation. These parameters were not
independently varied but rather varied in a manner that supported the particular plan. For
instance, if per-measure incentives were increased, the amount of additional personnel and
advertising (administrative cost), consistent with the desired effort, was estimated. This in turn
led to an estimated change in measure participation. Variations began in the year 2017.

Incentives

Per-measure incentives were modified by determining the percentage of incremental cost of the
Existing Plan incentive and by varying this percentage. Incentives in the -16 GWh Plan were
decreased 15% from the Existing Plan. Incentives in the +11 GWh Plan were increased 15%
above the Existing Plan for C&l programs and 25% for residential programs, with a cap at 100%
of incremental cost. Incentives in the +15 GWh Plan were increased 25% for C&l programs and
40% for residential programs with a cap at 100% of incremental cost. Incentives in the+30 GWh
Plan were increased 75% for C&l programs and 100% for residential programs, with a cap at
100% of incremental cost. Low Income incentives were kept constant at the Existing Plan level
for all Plans. Total incentives, by measure, by Plan, for the year 2017 are provided in Appendix
B — Part 2A — Table A.1.

Administrative Costs

Alternative plan administrative costs were varied by applying multipliers to the Existing Plan
administrative costs. Administrative costs in the -16 GWh Plan were decreased 15% from the
Existing Plan. Administrative costs in the +11 GWh Plan were increased 55% above the
Existing Plan for the C&l programs and 27% for the residential programs. Administrative costs
in the +15 GWh Plan were increased 80% above the Existing Plan for the C&l programs and
40% for residential programs. Administrative costs in the +30 GWH Plan were increased 175%
above the Existing Plan for the C&l programs and 100% for residential programs. Low Income
administrative costs were kept constant at the Existing Plan level for all Plans. Total
administrative costs, by measure, by Plan, for the year 2017 are provided in Appendix B — Part
2A — Table A.2.

Nonimpact Spending

Nonimpact spending was decreased 15% from the Existing Plan for the -16 GWh Plan and was
increased 33% for the +11 GWh Plan, 50% for the +15 GWh Plan and 120% for the +30 GWh
Plan. Costs in each Plan were escalated 2.0% each year after 2016. Total plan costs
(incentives, administrative and nonimpact), by measure, by Plan, for the year 2017 are provided
in Appendix B — Part 2A — Table A.3.
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Annual Participation

Alternative plan annual participation was determined by applying multipliers to the Existing Plan
participation, on a per-measure basis. Participation in the -16 GWh Plan participation was
decreased 35% from the Existing Plan. Participation was increased 23.55% above the Existing
Plan in the +11 GWh Plan, 32.3% in the +15 GWh Plan and 65.9% in the +30 GWh Plan. The
variations were applied to measures in the C&l and Residential projects. Low Income
administrative costs were kept constant at the Existing Plan level for all Plans. Total
participation, by measure, by Plan, for the year 2017 are provided in Appendix B — Part 2A —
Table A.4.

Year 2016 — 2017 Plan Parameters
Plan costs, impacts and participation for all plans in the year 2016 and for each plan in the year

2017 are summarized in Table 4.2 below, on a total plan basis. The impacts of the Existing
Plan are assumed to be embedded in Minnesota Power’s load forecast.

TABLE 4.2
Cost, Impact and Participation by Plan for the Years 2016 and 2017
Annual Program Costs Annual Savings at Generator
Admin Nonlmpact MISO
Plan Incentives Cost Cost Energy Summer Peak
($) ® $) (kWh) (kW)
All Plans - 2016 3,350,992 1,219,205 2,370,445 46,529,577 7,070
-16 GWh Plan - 2017 2.018,548 1,067,930 2,055,176 30,591,778 4,652
Existing Plan - 2017 3,418,012 1,243,589 2,417,854 46,529,577 7,070
+11 GWh Plan - 2017 4,809,780 1,723,687 3,211,156 57,253,438 8,697
+15 GWh Plan - 2017 5,570,768 1,946,120 3,626,781 61,237,888 9,301
+30 GWH Plan - 2017 9,432,408 2.853,205 5,319,279 76,538,175 11,623

Total energy savings at the generator, by measure, by Plan, for the year 2017 are provided in
Appendix B — Part 2A — Table A.5. Total peak demand savings at the MISO summer peak, by
measure, by Plan, for the year 2017 are provided in Appendix B — Part 2A — Table A.6.

5. Study Results

The plan parameters listed in Section 4 were modeled using DSManager to determine annual
impacts and savings, as well as the results of the various cost-effectiveness tests (Societal,
Utility and Ratepayer Impact Measure tests). The annual impacts and savings were used to
calculate the rate impact in the year 2021.

Annual Impact and Dollar Savings

For each plan in the year 2021, Table 5.1 shows the annual impact savings and dollar savings
on a total plan basis.
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TABLE 5.1
Impact and Financial Savings by Plan in the Year 2021

Savings at Generator
Energy Summer MISO Peak
Plan (kwh) (kW) Financial Savings (%)
-16 GWh Plan 198,011,346 29,850 7,052,841
Existing Plan a277,608,373 41,922 10,039,783
+11 GWh Plan 331,165,798 50,045 10,576,048
+15 GWh Plan 351,065,046 53,063 10,332,800
+ 30 GWh Plan 427,478,185 64,652 8,220,065

Energy and peak impact savings were determined at the generator (including system losses)
and are cumulative over the six-year study period, taking into account a loss of savings from
measures that reach end of life prior to the end of 2021. The financial savings represent the net
of the energy and capacity savings, less the annual program costs.

Cost-effectiveness Test Results

Cost-effectiveness is determined by three standard tests: the Societal; Utility; and Ratepayer
Impact Measure tests. The various components of each test are shown in Appendix B-Part 2-B.
Results for each test are listed in Table 5.2 at the total plan level for each plan. Results at the
project level are included in Appendix B—Part 2-C, Tables C.1.A through C.5.A. Project level
results indicate that the total plan results are driven in a large part by the C&l project. The C&l
project is substantially more cost-effective and much larger than the other projects.

Cost-effectiveness results are based on implementation through the year 2030 and consider the
benefits of those measures through 2044. Tables C.1.B through C.5.B show the resulting
spending and impacts associated with continuing the plans through the year 2044. These
additional costs and impacts are used in the IRP modeling to account for “edge effects”. Since
conservation has a finite life, the expired conservation caused by measures reaching the end of
their lives is also shown in Tables C.1.B through C.4.B.
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TABLE 5.2
Cost-effectiveness Test Results by Plan
e s | Vs | ecraio
Societal Test
-16 GWh Plan 324,580 171,009 153,572 1.90
Existing Plan 479,041 238,858 240,183 2.01
+11 GWh Plan 582,971 295,453 287,517 1.97
+15 GWh Plan 621,586 318,362 303,223 1.95
+30 GWh Plan 769,868 408,319 361,549 1.89
Utility Test
-16 GWh Plan 161,481 49,570 111,911 3.26
Existing Plan 235,820 65,834 169,986 3.58
+11 GWh Plan 285,840 88,203 197,637 3.24
+15 GWh Plan 304,425 99,945 204,479 3.05
+30 GWh Plan 375,790 154,175 221,615 2.44
Ratepayer Impact Test
-16 GWh Plan 161,481 330,152 (168,671) 0.49
Existing Plan 235,820 474,910 (239,090) 0.50
+11 GWh Plan 285,840 583,737 (297,897) 0.49
+15 GWh Plan 304,425 627,603 (323,178) 0.49
+30 GWh Plan 375,790 805,187 (297,897) 0.49

Societal Test

The Societal Test results indicate an increase in net benefits as the plan costs and impacts
increase, while the benefit/cost ratio decreases. The Societal Test would favor an even more
aggressive conservation program than that represented by the +30 GWh Plan.

Utility Test

The Utility Test results indicate an increase in net benefits as the plan costs and impacts
increase, while the benefit/cost ratio decreases. Still, the +30 GWh Plan is considered cost-
effective and an even more aggressive program would be favored under this test.

Ratepayer Impact Measure Test

The Ratepayer Impact Measure Test results indicate negative net benefits for all levels of
conservation and an almost constant benefit/cost ratio as plan expenses increase. The
Ratepayer Impact Measure Test would indicate that even low levels of conservation raise rates.
The challenge with this test is determining just how much rates are increased. While a certain
amount of rate increase can be tolerated, there is most likely a limit, above which is
unacceptable. Neither the negative present value of net benefits nor the benefit/cost ratio less
than 1.0 answers the question. An actual rate calculation is required.
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Rate Impact in 2021

By subtracting the impact savings at the meter and financial savings from an estimate of sales,
it is possible to calculate the rate and thus the rate impact of each conservation plan, relative to
the Existing Plan. This rate impact is illustrated in the chart in Figure 5.1 below.

FIGURE 5.1
Conservation Rate Impact by Plan in the Year 2021
Conservation Rate Impact Relative to Existing Plan
Year 2021
| —e—Rate Impact |
0.6
0.5 1
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0 0 T T
%0_1 ] $5,565 $7,663 $10,548 $12,062 $19,056.10
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03 -0.15¢/kWh
Annual Conservation Spending
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Figure 5.1 illustrates that rate impact increases linearly with conservation spending, to a
differential of 0.15¢/kWh in the +11 GWh Plan, relative to the Existing Plan. This is in addition
to the 0.15¢/KWh associated with the Existing Plan. The rate impact then increases to a
differential of 0.22¢/kWh for the +15 GWh Plan and 0.54¢/KWh for the +30 GWh Plan, again
relative to the Existing Plan. Considering that this study used simple variations of existing
projects, this is not unexpected. The largest plan in terms of spending represented a direct
impact spending level of greater than six percent of revenues. The +30 GWh Plan is below the
spending of a plan that approaches a level of achievable potential. This study did not attempt to
examine less common measures that may be examined with the achievable potential. To
achieve such a level, Minnesota Power would need to promote measures of an even greater
efficiency that cost more and devote even greater administrative resources to program
promotion and administration. The rate impact graph could then be expected to rise at an even
greater rate, beyond the +30 GWh Plan.

6. Conclusions

o All plans are cost-effective by the Societal and Utility tests.
¢ All plans are not cost-effective by the Ratepayer Impact Measure Test.

Appendix B—Part 2 Page 12




ENERGY CONSERVATION RESOURCE ALTERNATIVES
AND RATE IMPACT STUDY

e Overall plan cost-effectiveness is driven in large part by the Commercial/Industrial
Project because of this Project’s large size compared to the Residential and Low Income
Projects.

¢ Rates will increase linearly as expenditures for conservation programs increase to a
differential of 0.15¢/kWh in the +11 GWh Plan, then increase sharply to a differential of
0.54¢/kWh in the highest spending plan, compared to the Existing Plan in 2021.

o Rate impacts of larger conservation plans, such as a plan associated with the achievable
potential, will have even larger rate impacts.

¢ If arate impact greater than the maximum shown in this study is acceptable, then
Minnesota Power can investigate the greater levels of conservation associated with a
technical/economic/achievable potential study.

¢ If the maximum rate impact is unacceptable, then the conservation program size can be
managed within the sensitivity parameters defined in this study, subject to the maximum
acceptable rate impact. In this instance, an achievable potential study would add no
further value, as the rate impact associated with it would be larger than that shown in
this study.
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PLAN FIRST YEAR COSTS AND IMPACTS
TABLE A1
Year 2017 Incentives
Total Incentives by Measure and Plan - Page 1 of 2
Incentives
-16 GWh Existing +11 GWh +15 GWh +30 GWh
Year 2017 Plan Plan Plan Plan Plan
) ®) ®) ®) ®)
Residential 433,786 785,134 1,198,824 1,420,197 2,392,580
Lighting 133,533 241,689 373,258 447,656 763,038
CFL - Standard 33,813 61,200 94,516 113,355 173,821
CFL - Specialty 26,205 47,430 73,250 87,850 148,489
Torchieres 197 357 551 661 888
LED - Standard 25,360 45,900 70,887 85,016 152,296
LED - Specialty 33,813 61,200 94,516 113,355 203,062
LED - Outdoor 3,381 6,120 9,452 11,335 20,306
LED Indoor Fixtures 6,763 12,240 18,903 22,671 40,612
LED Outdoor Fixtures 620 1,122 1,733 2,078 3,257,
LED Holiday Lighting 3,381 6,120 9,452 11,335 20,306
Energy Star Appliances 118,768 214,965 331,987 387,632 630,337
Clothes Washers 29,305 53,040 81,914 87,715 109,992
Refrigerators 14,089 25,500 39,382 47,231 67,687
Refrigerator Turn-in 61,286 110,925 171,310 205,455 368,049
Freezer Turn-in 12,680 22,950 35,443 42,508 76,148
Window A/C Turn-in 1,409 2,550 3,938 4,723 8,461
Heating and Cooling 141,592 256,275 395,785 474,673 833,796
Dehumidifier Replacement 4,227 7,650 11,814 14,169 25,383
CAC Quality Install 7,044 12,750 19,691 23,616 31,728
ASHP Quality Install 2,113 3,825 5,907 7,085 9,519
Mini-split Ductless ASHP 11,271 20,400 31,505 37,785 67,687
Std Split System ASHP 2,536 4,590 7,089 8,502 13,808
GHP Open Loop (4 Ton) 1,127 2,040 3,151 3,778 6,769
GHP Closed Loop (5 Ton) 20,288 36,720 56,709 68,013 121,837
ECM - New Furnace 90,168 163,200 252,042 302,279 541,498
ECM - Replacement Motor 2,818 5,100 7,876 9,446 15,568
Home Performance Project 14,089 25,500 39,382 47,231 84,609
Triple E - Level 1 2,818 5,100 7,876 9,446 16,922
Triple E - Level 2 11,271 20,400 31,505 37,785 67,687
Water Heating 1,268 2,295 3,544 4,251 7,124
Drain Water Heat Recovery 1,127 2,040 3,151 3,778 6,278
HP Water Heater, EF = 2.5 141 255 394 472 846
Energy Efficiency Kits 10,989 19,890 24,574 26,314 32,998
Smart Pak 4,227 7,650 9,452 10,121 12,691
Starter Kit 6,763 12,240 15,123 16,194 20,306
Direct Install Measures 13,547 24,520 30,294 32,440 40,678
Pipe Wrap 143 259 320 343 430
Showerheads 1,860 3,366 4,159 4,453 5,584
Aerators 1,268 2,295 2,835 3,036 3,807,
Water Heater Blanket 225 408 504 540 677
CFLs 4,508 8,160 10,082 10,796 13,537
Shower Timer 527 954 1,178 1,262 1,582
Refrigerator Thermometer 845 1,530 1,890 2,024 2,538
Plug Load Package 4,170 7,548 9,326 9,986 12,522
Enable Power Management 1,353 2,448 3,025 3,239 4,061
Timer & Power Strip 2,818 5,100 6,301 6,747 8,461
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PLAN FIRST YEAR COSTS AND

Total Incentives by Measure and Plan - Page 2 of 2

IMPACTS

Incentives
-16 GWh Existing +11 GWh +15 GWh +30 GWh

Year 2017 Plan Plan Plan Plan Plan

®) ®) ) ©®) ®)
Energy Partners 290,718 290,718 290,718 290,718 290,718|
Lighting 20,791 20,791 20,791 20,791 20,791
CFL Installed by Contractor 5,610 5,610 5,610 5,610 5,610
CFL Distributed to Customer 849 849 849 849 849
Torchieries 7,080 7,080 7,080 7,080 7,080
Lighting Fixtures 7,252 7,252 7,252 7,252 7,252
Refrigerator Replacement 161,288 161,288 161,288 161,288 161,288
18 Cubic Foot Refrigerator 102,423 102,423 102,423 102,423 102,423
15 Cubic Foot Refrigerator 23,965 23,965 23,965 23,965 23,965
10 Cubic Foot Refrigerator 10,368 10,368 10,368 10,368 10,368|
15 Cubic Foot Freezer 2,831 2,831 2,831 2,831 2,831
5-9 ft Freezer 1,403 1,403 1,403 1,403 1,403
Meter Refrigerators 0 0 0 0 0
Refrigerator Turn-in 19,278 19,278 19,278 19,278 19,278
Freezer Turn-in 1,020 1,020 1,020 1,020 1,020
Water Heater 56,163 56,163 56,163 56,163 56,163
Replacement 52,785 52,785 52,785 52,785 52,785
Showerheads 1,633 1,633 1,633 1,633 1,633
Aerators 635 635 635 635 635
Pipe Wrap 21 21 21 21 21
Water Heater Blanket 102 102 102 102 102
Shower Timer 926 926 926 926 926
Water Heater Setback 61 61 61 61 61
Miscellaneous 19,837 19,837 19,837 19,837 19,837
Dehumidifier Replacement 14,076 14,076 14,076 14,076 14,076
Engine Block Timer 328 328 328 328 328
Microwave Ovens 1,842 1,842 1,842 1,842 1,842
Refrigerator Thermometer 224 224 224 224 224
Plug Load - Power Strip & Timer 3,366 3,366 3,366 3,366 3,366
Energy Expo Kits 32,640 32,640 32,640 32,640 32,640
Delivered Fuels - Furnaces 0 0 0 0 0
Commercial & Industrial 1,294,043 2,342,160 3,320,238 3,859,852 6,749,110
Lighting 506,961 917,577 1,303,716 1,517,443 2,663,956
Refrigeration 40,927 74,077 105,250 122,505 215,064
Motor Upgrades 302,667 547,813 778,347 905,946 1,590,439
HVAC 187,967 340,212 483,382 562,626 987,721
Compressed Air Upgrades 68,555 124,082 176,299 205,201 360,242
Process Improvements 132,611 240,019 341,026 396,932 696,837
IT Equipment 28,565 51,701 73,458 85,500 150,101
Miscellaneous 3,247 5,878 8,351 9,720 17,064
Influenced Savings 0 0 0 0 0
Commissioning 22,542 40,800 50,408 53,978 67,687
Total Direct Spending Plan 2,018,548 3,418,012 4,809,780 5,570,768 9,432,408
Non-Impact Spending 130,050 153,000 198,900 229,500 336,600
Total Plan with Indirects 2,148,598 3,571,012 5,008,680 5,800,268 9,769,008|
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PLAN FIRST YEAR COSTS AND IMPACTS

TABLE A.2
Year 2017 Administrative Costs

Total Administrative Costs by Measure and Plan - Page 1 of 2

Administrative Costs
-16 GWh Existing +11 GWh +15 GWh +30 GWh
Year 2017 Plan Plan Plan Plan Plan

® ® ® ® ®

Residential 456,346 542,250 693,249 766,092 1,104,733
Lighting
CFL - Standard
CFL - Specialty
Torchieres
LED - Standard
LED - Specialty
LED - Outdoor
LED Indoor Fixtures
LED Outdoor Fixtures
LED Holiday Lighting
Energy Star Appliances
Clothes Washers
Refrigerators

Refrigerator Turn-in

Freezer Tumn-in
Window A/C Turn-in
Heating and Cooling
Dehumidifier Replacement
CAC Quality Install
ASHP Quality Install
Mini-split Ductless ASHP
Std Split System ASHP
GHP Open Loop (4 Ton) 423 765 1,200 1,417 2,538
GHP Closed Loop (5 Ton) 6,086 11,016 17,285 20,404 36,551
ECM - New Furnace
ECM - Replacement Motor
Home Performance Project
Triple E - Level 1 564 1,020 1,600 1,889 3,384
Triple E - Level 2 1,127 2,040 3,201 3,778 6,769
Water Heating
Drain Water Heat Recovery 282 510 800 945 1,692
HP Water Heater, EF = 2.5
Energy Efficiency Kits
Smart Pak
Starter Kit
Direct Install Measures
Pipe Wrap

Showerheads

Aerators

Water Heater Blanket
CFLs

Shower Timer

Refrigerator Thermometer

Plug Load Package

Enable Power Management

Timer & Power Strip

Appendix B—Part 2-A Page 4



PLAN FIRST YEAR COSTS AND

Total Administrative Costs by Measure and Plan - Page 2 of 2

IMPACTS

Year 2017

Administrative Costs

-16 GWh
Plan

Existing
Plan

+11 GWh
Plan

+15 GWh
Plan

+30 GWh
Plan

®)

®)

®)

®)

®)

Energy Partners

Lighting

102,977

102,977

102,977

102,977

102,977

CFL Installed by Contractor

CFL Distributed to Customer

Torchieries

Lighting Fixtures

Refrigerator Replacement

18 Cubic Foot Refrigerator

15 Cubic Foot Refrigerator

10 Cubic Foot Refrigerator

15 Cubic Foot Freezer

5-9 ft Freezer

Meter Refrigerators

Refrigerator Turn-in

2,040

2,040

2,040

2,040

2,040

Freezer Turn-in

Water Heater

Replacement

Showerheads

Aerators

Pipe Wrap

Water Heater Blanket

Shower Timer

Water Heater Setback

Miscellaneous

Dehumidifier Replacement

Engine Block Timer

Microwave Ovens

Refrigerator Thermometer

Plug Load - Power Strip & Timer

Energy Expo Kits

Delivered Fuels - Furnaces

Commercial & Industrial

508,607

598,362

927,460

1,077,051

1,645,494

Lighting

Refrigeration

Motor Upgrades

HVAC

Compressed Air Upgrades

Process Improvements

IT Equipment

Miscellaneous

Influenced Savings

Commissioning

Total Plan

1,067,930

1,243,589

1,723,687

1,946,120

2,853,205

Non-Impact Spending

1,925,126

2,264,854

3,012,256

3,397,281

4,982,679

Total Plan with Indirects

2,993,056

3,508,443 |

4,735,943 |

5,343,401 |

7,835,883
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PLAN FIRST YEAR COSTS AND IMPACTS

TABLE A.3
Year 2017 Total Costs

Total Costs by Measure and Plan - Page 1 of 2

Total Costs
-16 GWh Existing +11 GWh +15 GWh +30 GWh
Year 2017 Plan Plan Plan Plan Plan
®) ®) $) ) $)

Residential 890,132 1,327,384 1,892,073 2,186,290 3,497,314
Lighting 133,533 241,689 373,258 447,656 763,038
CFL - Standard 33,813 61,200 94,516 113,355 173,821
CFL - Specialty 26,205 47,430 73,250 87,850 148,489
Torchieres 197 357 551 661 888
LED - Standard 25,360 45,900 70,887 85,016 152,296
LED - Specialty 33,813 61,200 94,516 113,355 203,062
LED - Outdoor 3,381 6,120 9,452 11,335 20,306
LED Indoor Fixtures 6,763 12,240 18,903 22,671 40,612
LED Outdoor Fixtures 620 1,122 1,733 2,078 3,257
LED Holiday Lighting 3,381 6,120 9,452 11,335 20,306
Energy Star Appliances 118,768 214,965 331,987 387,632 630,337
Clothes Washers 29,305 53,040 81,914 87,715 109,992
Refrigerators 14,089 25,500 39,382 47,231 67,687
Refrigerator Tumn-in 61,286 110,925 171,310 205,455 368,049
Freezer Tumn-in 12,680 22,950 35,443 42,508 76,148
Window A/C Turn-in 1,409 2,550 3,938 4,723 8,461
Heating and Cooling 141,592 256,275 395,785 474,673 833,796
Dehumidifier Replacement 4,227 7,650 11,814 14,169 25,383
CAC Quality Install 7,044 12,750 19,691 23,616 31,728
ASHP Quality Install 2,113 3,825 5,907 7,085 9,519
Mini-split Ductless ASHP 11,271 20,400 31,505 37,785 67,687
Std Split System ASHP 2,536 4,590 7,089 8,502 13,808
GHP Open Loop (4 Ton) 1,550 2,805 4,351 5,195 9,307
GHP Closed Loop (5 Ton) 26,374 47,736 73,994 88,417 158,388
ECM - New Furnace 90,168 163,200 252,042 302,279 541,498
ECM - Replacement Motor 2,818 5,100 7,876 9,446 15,568
Home Performance Project 14,089 25,500 39,382 47,231 84,609
Triple E - Level 1 3,381 6,120 9,477 11,335 20,306
Triple E - Level 2 12,398 22,440 34,706 41,563 74,456
Water Heating 1,268 2,295 3,544 4,251 7,124
Drain Water Heat Recovery 1,409 2,550 3,951 4,723 7,970
HP Water Heater, EF = 2.5 141 255 394 472 846
Energy Efficiency Kits 10,989 19,890 24,574 26,314 32,998
Smart Pak 4,227 7,650 9,452 10,121 12,691
Starter Kit 6,763 12,240 15,123 16,194 20,306
Direct Install Measures 13,547 24,520 30,294 32,440 40,678
Pipe Wrap 143 259 320 343 430
Showerheads 1,860 3,366 4,159 4,453 5,584
Aerators 1,268 2,295 2,835 3,036 3,807
Water Heater Blanket 225 408 504 540 677
CFLs 4,508 8,160 10,082 10,796 13,537
Shower Timer 527 954 1,178 1,262 1,582
Refrigerator Thermometer 845 1,530 1,890 2,024 2,538
Plug Load Package 4,170 7,548 9,326 9,986 12,522
Enable Power Management 1,353 2,448 3,025 3,239 4,061
Timer & Power Strip 2,818 5,100 6,301 6,747 8,461
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PLAN FIRST YEAR COSTS AND IMPACTS
Total Costs by Measure and Plan - Page 2 of 2
Total Costs
-16 GWh Existing +11 GWh +15 GWh +30 GWh
Year 2017 Plan Plan Plan Plan Plan
$) $) $) $) ®)
Energy Partners 393,695 393,695 393,695 393,695 393,695
Lighting 20,791 20,791 20,791 20,791 20,791
CFL Installed by Contractor 5,610 5,610 5,610 5,610 5,610
CFL Distributed to Customer 849 849 849 849 849
Torchieries 7,080 7,080 7,080 7,080 7,080
Lighting Fixtures 7,252 7,252 7,252 7,252 7,252
Refrigerator Replacement 161,288 161,288 161,288 161,288 161,288
18 Cubic Foot Refrigerator 102,423 102,423 102,423 102,423 102,423
15 Cubic Foot Refrigerator 23,965 23,965 23,965 23,965 23,965
10 Cubic Foot Refrigerator 10,368 10,368 10,368 10,368 10,368
15 Cubic Foot Freezer 2,831 2,831 2,831 2,831 2,831
5-9 ft Freezer 1,403 1,403 1,403 1,403 1,403
Meter Refrigerators 2,040 2,040 2,040 2,040 2,040
Refrigerator Turn-in 19,278 19,278 19,278 19,278 19,278
Freezer Tumn-in 1,020 1,020 1,020 1,020 1,020
Water Heater 56,163 56,163 56,163 56,163 56,163
Replacement 52,785 52,785 52,785 52,785 52,785
Showerheads 1,633 1,633 1,633 1,633 1,633
Aerators 635 635 635 635 635
Pipe Wrap 21 21 21 21 21
Water Heater Blanket 102 102 102 102 102
Shower Timer 926 926 926 926 926
Water Heater Setback 61 61 61 61 61
Miscellaneous 19,837 19,837 19,837 19,837 19,837
Dehumidifier Replacement 14,076 14,076 14,076 14,076 14,076
Engine Block Timer 328 328 328 328 328
Microwave Ovens 1,842 1,842 1,842 1,842 1,842
Refrigerator Thermometer 224 224 224 224 224
Plug Load - Power Strip & Timer 3,366 3,366 3,366 3,366 3,366
Energy Expo Kits 32,640 32,640 32,640 32,640 32,640
Delivered Fuels - Furnaces 0 0 0 0 0
Commercial & Industrial 1,802,651 2,940,521 4,247,698 4,936,903 8,394,604
Lighting 506,961 917,577 1,303,716 1,517,443 2,663,956
Refrigeration 40,927 74,077 105,250 122,505 215,064
Motor Upgrades 302,667 547,813 778,347 905,946 1,590,439
HVAC 187,967 340,212 483,382 562,626 987,721
Compressed Air Upgrades 68,555 124,082 176,299 205,201 360,242
Process Improvements 132,611 240,019 341,026 396,932 696,837
IT Equipment 28,565 51,701 73,458 85,500 150,101
Miscellaneous 3,247 5,878 8,351 9,720 17,064
Influenced Savings 0 0 0 0 0
Commissioning 22,542 40,800 50,408 53,978 67,687
Total Plan 3,086,478 4,661,601 6,533,467 7,516,888 12,285,613
Non-Impact Spending 2,055,176 2,417,854 3,211,156 3,626,781 5,319,279
Total Plan with Indirects 5,141,654 7,079,455 9,744,623 11,143,669 17,604,891
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PLAN FIRST YEAR COSTS AND IMPACTS

TABLE A.4
Year 2017 Participation

Total Participants by Measure and Plan - Page 1 of 2

Participants
-16 GWh Existing +11 GWh +15 GWh +30 GWh
Year 2017 Plan Plan Plan Plan Plan

Residential 59,079.1500 90,891.0000 | 112,295.8305 | 120,248.7930 | 150,788.1690
Lighting 51,928.5000 79,890.0000 98,704.0950 | 105,694.4700 | 132,537.5100
CFL - Standard 31,200.0000 48,000.0000 59,304.0000 63,504.0000 79,632.0000
CFL - Specialty 9,750.0000 15,000.0000 18,532.5000 19,845.0000 24,885.0000
Torchieres 22.7500 35.0000 43.2425 46.3050 58.0650
LED - Standard 3,900.0000 6,000.0000 7,413.0000 7,938.0000 9,954.0000
LED - Specialty 3,900.0000 6,000.0000 7,413.0000 7,938.0000 9,954.0000
LED - Outdoor 390.0000 600.0000 741.3000 793.8000 995.4000
LED Indoor Fixtures 780.0000 1,200.0000 1,482.6000 1,587.6000 1,990.8000
LED Outdoor Fixtures 35.7500 55.0000 67.9525 72.7650 91.2450
LED Holiday Lighting 1,950.0000 3,000.0000 3,706.5000 3,969.0000 4,977.0000
Energy Star Appliances 2,096.2500 3,225.0000 3,984.4875 4,266.6750 5,350.2750
Clothes Washers 845.0000 1,300.0000 1,606.1500 1,719.9000 2,156.7000
Refrigerators 650.0000 1,000.0000 1,235.5000 1,323.0000 1,659.0000
Refrigerator Turn-in 471.2500 725.0000 895.7375 959.1750 1,202.7750
Freezer Turn-in 97.5000 150.0000 185.3250 198.4500 248.8500
Window A/C Tumn-in 32.5000 50.0000 61.7750 66.1500 82.9500
Heating and Cooling 1,313.6500 2,021.0000 2,496.9455 2,673.7830 3,352.8390
Dehumidifier Replacement 487.5000 750.0000 926.6250 992.2500 1,244.2500
CAC Quality Install 162.5000 250.0000 308.8750 330.7500 414.7500
ASHP Quality Install 48.7500 75.0000 92.6625 99.2250 124.4250
Mini-split Ductless ASHP 26.0000 40.0000 49.4200 52.9200 66.3600
Std Split System ASHP 9.7500 15.0000 18.5325 19.8450 24.8850
GHP Open Loop (4 Ton) 3.2500 5.0000 6.1775 6.6150 8.2950
GHP Closed Loop (5 Ton) 23.4000 36.0000 44.4780 47.6280 59.7240
ECM - New Furnace 520.0000 800.0000 988.4000 1,058.4000 1,327.2000
ECM - Replacement Motor 32.5000 50.0000 61.7750 66.1500 82.9500
Home Performance Project 9.7500 15.0000 18.5325 19.8450 24.8850
Triple E - Level 1 3.2500 5.0000 6.1775 6.6150 8.2950
Triple E - Level 2 6.5000 10.0000 12.3550 13.2300 16.5900
Water Heating 6.5000 10.0000 12.3550 13.2300 16.5900
Drain Water Heat Recovery 3.2500 5.0000 6.1775 6.6150 8.2950
HP Water Heater, EF = 2.5 3.2500 5.0000 6.1775 6.6150 8.2950
Energy Efficiency Kits 975.0000 1,500.0000 1,853.2500 1,984.5000 2,488.5000
Smart Pak 325.0000 500.0000 617.7500 661.5000 829.5000
Starter Kit 650.0000 1,000.0000 1,235.5000 1,323.0000 1,659.0000
Direct Install Measures 2,749.5000 4,230.0000 5,226.1650 5,596.2900 7,017.5700
Pipe Wrap 409.5000 630.0000 778.3650 833.4900 1,045.1700
Showerheads 130.0000 200.0000 247.1000 264.6000 331.8000
Aerators 195.0000 300.0000 370.6500 396.9000 497.7000
Water Heater Blanket 13.0000 20.0000 24.7100 26.4600 33.1800
CFLs 1,300.0000 2,000.0000 2,471.0000 2,646.0000 3,318.0000
Shower Timer 110.5000 170.0000 210.0350 224.9100 282.0300
Refrigerator Thermometer 325.0000 500.0000 617.7500 661.5000 829.5000
Plug Load Package 266.5000 410.0000 506.5550 542.4300 680.1900
Enable Power Management 104.0000 160.0000 197.6800 211.6800 265.4400
Timer & Power Strip 162.5000 250.0000 308.8750 330.7500 414.7500
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PLAN FIRST YEAR COSTS AND

Total Participants by Measure and Plan - Page 2 of 2

IMPACTS

Participants

-16 GWh Existing +11 GWh +15 GWh +30 GWh

Year 2017 Plan Plan Plan Plan Plan
Energy Partners 4,651 4,651 4,651 4,651 4,651
Lighting 2,061 2,061 2,061 2,061 2,061
CFL Installed by Contractor 1,375 1,375 1,375 1,375 1,375
CFL Distributed to Customer 370 370 370 370 370
Torchieries 158 158 158 158 158
Lighting Fixtures 158 158 158 158 158
Refrigerator Replacement 798 798 798 798 798
18 Cubic Foot Refrigerator 133 133 133 133 133
15 Cubic Foot Refrigerator 37 37 37 37 37
10 Cubic Foot Refrigerator 19 19 19 19 19
15 Cubic Foot Freezer 5 5 5 5 5
5-9 ft Freezer 5 5 5 5 5
Meter Refrigerators 400 400 400 400 400
Refrigerator Turn-in 189 189 189 189 189
Freezer Tum-in 10 10 10 10 10
Water Heater 505 505 505 505 505
Replacement 50 50 50 50 50
Showerheads 97 97 97 97 97
Aerators 83 83 83 83 83
Pipe Wrap 100 100 100 100 100
Water Heater Blanket 5 5 5 5 5
Shower Timer 165 165 165 165 165
Water Heater Setback 5 5 5 5 5
Miscellaneous 482 482 482 482 482
Dehumidifier Replacement 69 69 69 69 69
Engine Block Timer 14 14 14 14 14
Microwave Ovens 14 14 14 14 14
Refrigerator Thermometer 220 220 220 220 220
Plug Load - Power Strip & Timer 165 165 165 165 165
Energy Expo Kits 800 800 800 800 800
Delivered Fuels - Furnaces 5 5 5 5 5
Commercial & Industrial 556.4000 856.0000 1,057.5880 1,132.4880 1,420.1040
Lighting 325.0000 500.0000 617.7500 661.5000 829.5000
Refrigeration 19.5000 30.0000 37.0650 39.6900 49.7700
Motor Upgrades 65.0000 100.0000 123.5500 132.3000 165.9000
HVAC 97.5000 150.0000 185.3250 198.4500 248.8500
Compressed Air Upgrades 19.5000 30.0000 37.0650 39.6900 49.7700
Process Improvements 13.6500 21.0000 25.9455 27.7830 34.8390
IT Equipment 3.9000 6.0000 7.4130 7.9380 9.9540
Miscellaneous 3.2500 5.0000 6.1775 6.6150 8.2950
Influenced Savings 6.5000 10.0000 12.3550 13.2300 16.5900
Commissioning 2.6000 4.0000 4.9420 5.2920 6.6360
Total Plan 64,287 96,398 118,004 126,032 156,859
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PLAN FIRST YEAR COSTS AND IMPACTS

TABLE A.5
Year 2017 Energy Savings

Total Energy Savings by Measure and Plan - Page 1 of 2

Energy (Busbar)
-16 GWh Existing +11 GWh +15 GWh +30 GWh
Year 2017 Plan Plan Plan Plan Plan
(kWh) (kWh) (kwWh) (kWh) (kwWh)

Residential 5,545,817 8,532,026 | 10,541,318 11,287,871 14,154,632
Lighting 2,128,895 3,275,222 4,046,537 4,333,119 5,433,594
CFL - Standard 1,172,124 1,803,267 2,227,936 2,385,722 2,991,620
CFL - Specialty 441,701 679,540 839,572 899,031 1,127,357
Torchieres 2,589 3,983 4,921 5,270 6,608
LED - Standard 146,515 225,408 278,492 298,215 373,952
LED - Specialty 224,082 344,742 425,929 456,094 571,927
LED - Outdoor 44,386 68,285 84,367 90,342 113,286
LED Indoor Fixtures 46,540 71,600 88,462 94,727 118,785
LED Outdoor Fixtures 3,555 5,469 6,758 7,236 9,074
LED Holiday Lighting 47,402 72,926 90,100 96,481 120,985
Energy Star Appliances 844,529 1,299,275 1,605,254 1,718,941 2,155,497
Clothes Washers 135,383 208,282 257,332 275,557 345,539
Refrigerators 99,832 153,587 189,757 203,196 254,801
Refrigerator Turn-in 476,445 732,992 905,611 969,748 1,216,033
Freezer Turn-in 122,168 187,951 232,213 248,659 311,810
Window A/C Tumn-in 10,701 16,464 20,341 21,781 27,313
Heating and Cooling 1,931,410 2,971,401 3,671,165 3,931,163 4,929,554
Dehumidifier Replacement 234,856 361,316 446,406 478,022 599,424
CAC Quality Install 29,267 45,026 55,630 59,570 74,699
ASHP Quality Install 90,495 139,223 172,010 184,192 230,971
Mini-split Ductless ASHP 326,758 502,705 621,092 665,079 833,987
Std Split System ASHP 6,992 10,757 13,290 14,231 17,845
GHP Open Loop (4 Ton) 108,680 167,200 206,576 221,206 277,385
GHP Closed Loop (5 Ton) 645,978 993,812 1,227,855 1,314,814 1,648,735
ECM - New Furnace 459,656 707,164 873,701 935,577 1,173,184
ECM - Replacement Motor 28,729 44,198 54,606 58,474 73,324
Home Performance Project 64,276 98,887 122,175 130,827 164,053
Triple E - Level 1 16,889 25,983 32,102 34,375 43,105
Triple E - Level 2 47,388 72,904 90,073 96,452 120,948
Water Heating 4,780 7,353 9,085 9,729 12,199
Drain Water Heat Recovery 3,315 5,099 6,300 6,746 8,460
HP Water Heater, EF = 2.5 1,465 2,254 2,785 2,982 3,740
Energy Efficiency Kits 304,522 468,496 578,827 619,820 777,235
Smart Pak 175,962 270,711 334,463 358,151 449,110
Starter Kit 128,560 197,785 244,363 261,669 328,125
Direct Install Measures 267,405 411,392 508,275 544,272 682,500
Pipe Wrap 20,814 32,021 39,562 42,364 53,123
Showerheads 60,474 93,036 114,946 123,087 154,347
Aerators 39,645 60,993 75,357 80,694 101,187
Water Heater Blanket 1,422 2,188 2,703 2,894 3,630
CFLs 48,838 75,136 92,831 99,405 124,651
Shower Timer 22,954 35,314 43,630 46,720 58,586
Refrigerator Thermometer 34,115 52,485 64,845 69,437 87,072
Plug Load Package 39,143 60,219 74,401 79,670 99,904
Enable Power Management 22,983 35,358 43,685 46,779 58,659
Timer & Power Strip 16,160 24,861 30,716 32,891 41,245
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PLAN FIRST YEAR COSTS AND

Total Energy Savings by Measure and Plan - Page 2 of 2

IMPACTS

Energy (Busbar)
-16 GWh Existing +11 GWh +15 GWh +30 GWh
Year 2017 Plan Plan Plan Plan Plan
(kwh) (kWh) (kwh) (kWh) (kwh)

Energy Partners 993,009 993,009 993,009 993,009 993,009
Lighting 91,220 91,220 91,220 91,220 91,220
CFL Installed by Contractor 51,656 51,656 51,656 51,656 51,656
CFL Distributed to Customer 13,900 13,900 13,900 13,900 13,900
Torchieries 17,982 17,982 17,982 17,982 17,982
Lighting Fixtures 7,682 7,682 7,682 7,682 7,682
Refrigerator Replacement 321,603 321,603 321,603 321,603 321,603
18 Cubic Foot Refrigerator 84,794 84,794 84,794 84,794 84,794
15 Cubic Foot Refrigerator 21,464 21,464 21,464 21,464 21,464
10 Cubic Foot Refrigerator 9,195 9,195 9,195 9,195 9,195
15 Cubic Foot Freezer 1,442 1,442 1,442 1,442 1,442
5-9 ft Freezer 1,094 1,094 1,094 1,094 1,094
Meter Refrigerators 0 0 0 0 0
Refrigerator Turn-in 191,083 191,083 191,083 191,083 191,083
Freezer Turn-in 12,530 12,530 12,530 12,530 12,530
Water Heater 112,316 112,316 112,316 112,316 112,316
Replacement 10,055 10,055 10,055 10,055 10,055
Showerheads 45,123 45,123 45,123 45,123 45,123
Aerators 16,875 16,875 16,875 16,875 16,875
Pipe Wrap 5,083 5,083 5,083 5,083 5,083
Water Heater Blanket 547 547 547 547 547
Shower Timer 34,275 34,275 34,275 34,275 34,275
Water Heater Setback 359 359 359 359 359
Miscellaneous 91,306 91,306 91,306 91,306 91,306
Dehumidifier Replacement 33,241 33,241 33,241 33,241 33,241
Engine Block Timer 3,094 3,094 3,094 3,094 3,094
Microwave Ovens 15,469 15,469 15,469 15,469 15,469
Refrigerator Thermometer 23,093 23,093 23,093 23,093 23,093
Plug Load - Power Strip & Timer 16,408 16,408 16,408 16,408 16,408
Energy Expo Kits 376,565 376,565 376,565 376,565 376,565
Delivered Fuels - Furnaces 0 0 0 0 0
Commercial & Industrial 24,052,952 | 37,004,541 | 45,719,111 48,957,008 61,390,534
Lighting 8,790,927 | 13,524,502 | 16,709,523 17,892,917 22,437,150
Refrigeration 1,220,962 1,878,403 2,320,767 2,485,127 3,116,271
Motor Upgrades 6,593,195 | 10,143,377 | 12,532,142 13,419,688 16,827,862
HVAC 3,052,405 4,696,008 5,801,918 6,212,818 7,790,677
Compressed Air Upgrades 1,465,154 2,254,084 2,784,920 2,982,153 3,739,525
Process Improvements 1,220,962 1,878,403 2,320,767 2,485,127 3,116,271
IT Equipment 610,481 939,202 1,160,384 1,242,564 1,558,135
Miscellaneous 488,385 751,361 928,307 994,051 1,246,508
Influenced Savings 488,385 751,361 928,307 994,051 1,246,508
Commissioning 122,096 187,840 232,077 248,513 311,627
Total Plan 30,591,778 | 46,529,577 | 57,253,438 61,237,888 76,538,175
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PLAN FIRST YEAR COSTS AND IMPACTS

TABLE A.6
Year 2017 Peak Savings at MISO Summer Peak

Total kW Saving at MISO Summer Peak by Measure and Plan - Page 1 of 2

Peak (Busbar)
-16 GWh Existing +11 GWh +15 GWh +30 GWh
Year 2017 Plan Plan Plan Plan Plan
(kw) kW) (kw) (kW) (kw)

Residential 932.5 1,434.6 1,772.4 1,897.9 2,380.0
Lighting 331.4 509.9 630.0 674.6 845.9
CFL - Standard 192.0 295.3 364.9 390.7 490.0
CFL - Specialty 67.3 103.5 127.9 137.0 171.7
Torchieres 0.4 0.6 0.8 0.8 1.0
LED - Standard 24.0 36.9 45.6 48.8 61.3
LED - Specialty 41.3 63.6 78.6 84.1 105.5
LED - Outdoor 0.0 0.0 0.0 0.0 0.0
LED Indoor Fixtures 6.5 10.0 12.3 13.2 16.5
LED Outdoor Fixtures 0.0 0.0 0.0 0.0 0.0
LED Holiday Lighting 0.0 0.0 0.0 0.0 0.0
Energy Star Appliances 122.1 187.9 232.1 248.6 311.7
Clothes Washers 15.2 23.3 28.8 30.8 38.7
Refrigerators 13.4 20.6 25.5 27.3 34.2
Refrigerator Turn-in 63.9 98.4 121.5 130.2 163.2
Freezer Turn-in 16.4 252 31.2 33.4 41.9
Window A/C Turn-in 13.2 20.4 25.2 26.9 33.8
Heating and Cooling 405.0 623.0 769.8 824.3 1,033.6
Dehumidifier Replacement 290.4 446.8 552.0 591.1 741.2
CAC Quality Install 36.2 556.7 68.8 73.7 92.4
ASHP Quality Install 8.7 13.4 16.6 17.8 22.3
Mini-split Ductless ASHP 5.9 9.1 11.3 12.1 15.1
Std Split System ASHP 0.9 1.4 1.7 1.8 2.3
GHP Open Loop (4 Ton) 3.5 5.3 6.6 7.0 8.8
GHP Closed Loop (5 Ton) 15.5 23.9 29.6 31.6 39.7
ECM - New Furnace 41.2 63.4 78.4 83.9 105.2
ECM - Replacement Motor 2.6 4.0 4.9 5.2 6.6
Home Performance Project 4.0 6.1 7.6 8.1 101
Triple E - Level 1 1.0 1.6 2.0 2.1 2.7
Triple E - Level 2 29 45 5.6 6.0 7.5
Water Heating 0.5 0.8 1.0 1.1 1.4
Drain Water Heat Recovery 0.4 0.6 0.7 0.8 1.0
HP Water Heater, EF = 2.5 0.2 0.3 0.3 0.3 0.4
Energy Efficiency Kits 36.1 55.6 68.7 735 92.2
Smart Pak 19.7 30.3 37.4 40.1 50.3
Starter Kit 16.4 25.3 31.2 33.4 41.9
Direct Install Measures 33.3 51.2 63.3 67.8 85.0
Pipe Wrap 2.3 3.6 4.4 4.7 5.9
Showerheads 6.8 10.4 12.9 13.8 17.3
Aerators 4.4 6.8 8.4 9.0 11.3
Water Heater Blanket 0.2 0.2 0.3 0.3 0.4
CFLs 8.0 12.3 15.2 16.3 20.4
Shower Timer 2.6 4.0 4.9 52 6.6
Refrigerator Thermometer 4.6 7.0 8.7 9.3 11.7
Plug Load Package 4.5 6.9 8.5 9.1 11.4
Enable Power Management 2.6 4.0 5.0 5.3 6.7
Timer & Power Strip 1.8 2.8 3.5 3.8 4.7
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PLAN FIRST YEAR COSTS AND

IMPACTS

Total kW Saving at MISO Summer Peak by Measure and Plan - Page 2 of 2

Peak (Busbar)
-16 GWh Existing +11 GWh +15 GWh +30 GWh

Year 2017 Plan Plan Plan Plan Plan

(kw) (kw) (kw) (kw) (kw)
Energy Partners 161.6 161.6 161.6 161.6 161.6
Lighting 14.6 14.6 14.6 14.6 14.6
CFL Installed by Contractor 8.5 8.5 8.5 8.5 8.5
CFL Distributed to Customer 2.3 2.3 23 2.3 2.3
Torchieries 2.7 2.7 2.7 2.7 2.7
Lighting Fixtures 1.1 1.1 1.1 1.1 1.1
Refrigerator Replacement 43.2 43.2 43.2 43.2 43.2
18 Cubic Foot Refrigerator 11.4 11.4 11.4 11.4 11.4
15 Cubic Foot Refrigerator 2.9 2.9 2.9 2.9 2.9
10 Cubic Foot Refrigerator 1.2 1.2 1.2 1.2 1.2
15 Cubic Foot Freezer 0.2 0.2 0.2 0.2 0.2
5-9 ft Freezer 0.2 0.2 0.2 0.2 0.2
Meter Refrigerators 0.0 0.0 0.0 0.0 0.0
Refrigerator Turn-in 25.7 25.7 25.7 25.7 25.7
Freezer Turn-in 1.7 1.7 1.7 1.7 1.7
Water Heater 12.1 12.1 121 12.1 121
Replacement 1.1 1.1 1.1 1.1 1.1
Showerheads 4.9 4.9 4.9 4.9 4.9
Aerators 1.8 1.8 1.8 1.8 1.8
Pipe Wrap 0.6 0.6 0.6 0.6 0.6
Water Heater Blanket 0.1 0.1 0.1 0.1 0.1
Shower Timer 3.7 3.7 3.7 3.7 3.7
Water Heater Setback 0.0 0.0 0.0 0.0 0.0
Miscellaneous 47.1 47.1 47.1 47.1 47.1
Dehumidifier Replacement 411 411 41.1 411 411
Engine Block Timer 0.0 0.0 0.0 0.0 0.0
Microwave Ovens 1.1 1.1 1.1 1.1 1.1
Refrigerator Thermometer 3.1 3.1 3.1 3.1 3.1
Plug Load - Power Strip & Timer 1.9 1.9 1.9 1.9 1.9
Energy Expo Kits 44.6 44.6 44.6 44.6 44.6
Delivered Fuels - Furnaces 0.0 0.0 0.0 0.0 0.0
Commercial & Industrial 3,558.0 5,473.9 6,763.0 7,242.0 9,081.2
Lighting 1,793.9 2,759.8 3,409.7 3,651.2 4,578.5
Refrigeration 68.7 105.6 130.5 139.8 175.3
Motor Upgrades 350.3 538.9 665.8 712.9 894.0
HVAC 439.3 675.9 835.1 894.2 1,121.3
Compressed Air Upgrades 181.2 278.8 344.4 368.8 462.5
Process Improvements 1514 232.9 287.7 308.1 386.3
IT Equipment 92.9 143.0 176.6 189.1 237.2
Miscellaneous 234.8 361.2 446.3 477.9 599.2
Influenced Savings 234.8 361.2 446.3 477.9 599.2
Commissioning 10.8 16.7 20.6 22.1 27.7
Total Plan 4,652.0 7,070.0 8,697.0 9,301.4 11,622.7
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COST-EFFECTIVENESS TEST COMPONENTS

DSM Cost-Effectiveness Test Components

Societal Test

The Societal Test is the benchmark for determining project cost-effectiveness in Minnesota. This test
reflects the cost-effectiveness of a project from the viewpoint of society as a whole. Positive net benefits
or a benefit/cost ratio greater than 1.0 indicates cost-effectiveness according to this prospective.

Benefits Costs

*  Production Cost savings * Incremental Participant Cost

* Generation Capacity Savings ¢ Administrative Costs

* Transmission Capacity Savings ¢ Customer O&M Costs

¢ Customer O&M Savings * Measure Removal Costs, Less Salvage

* Environmental Externality Savings

Discount Rate: Societal Rate (2.97%)

Utility Test

The Utility Test, or the Revenue Requirements Test, as it is also called, measures the change in the direct
costs of the utility. A project with positive net benefits or a benefit/cost ratio greater than 1.0 will tend to
lower utility costs over the long-term.

Benefits Costs
*  Production Cost savings * Incentives
* Generation Capacity Savings ¢ Administrative Costs

* Transmission Capacity Savings
¢ Distribution Capacity Costs

Discount Rate: Utility Rate (8.18%)

Ratepayer Impact Measure Test

The Ratepayer Impact Measure Test (RIM) indicates the effect on long term system rates. A project with
negative net benefits or a benefit/cost ratio less than 1.0 will tend to raise long term rates. A project with
positive net benefits or a benefit/cost ratio greater than 1.0 will tend to lower long term rates.

Benefits Costs

*  Production Cost savings * Incentives

* Generation Capacity Savings * Administrative Costs
* Transmission Capacity Savings * Lost Revenue

¢ Distribution Capacity Costs

Discount Rate: Utility Rate (8.18%)
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PLAN COST-EFFECTIVENESS RESULTS BY
PROJECT AND ANNUAL PLAN

IMPACTS

TABLE C.1.A
Existing Plan Cost-effectiveness Results
Net B/C
Project/Test Perspective Benefits Costs Benefits Ratio
($1000) ($1000) ($1000)
Commercial/lndustrial
Societal Test 371,924 159,807 212,117 2.33
Utility Test 191,529 27,345 164,184 7.00
Ratepayer Impact Measure Test 191,529 347,942 (156,413) 0.55
Low Income
Societal Test 7,050 4,112 2,938 1.71
Utility Test 3,068 3,661 (593) 0.84
Ratepayer Impact Measure Test 3,068 9,732 (6,664) 0.32
Residential
Societal Test 100,067 44,641 55,426 2.24
Utility Test 41,223 12,344 28,879 3.34
Ratepayer Impact Measure Test 41,223 94,751 (53,528) 0.44
Total with Nonimpact Programs
Societal Test 479,041 238,858 240,183 2.01
Utility Test 235,820 65,834 169,986 3.58
Ratepayer Impact Measure Test 235,820 474,910 (239,090) 0.50
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PLAN COST-EFFECTIVENESS RESULTS BY

PROJECT AND ANNUAL PLAN

TABLE C.1.B
Existing Plan Annual Program Costs and Impacts

IMPACTS

Plan Impacts

Cumulative DSM Expired

Total Plan Costs (Generator) Generator)
MP Winter [MISO Summer Winter Summer
Year Incentive Administrative Total Energy Peak Peak Energy Peak Peak
® ® ® (kWh) (kW) (kW) (kWh) (kW) (kW)
2016 3,500,992 3,439,650 6,940,642 46,529,576 6,090 7,070 0 0 0
2017 3,571,012 3,508,443 7,079,455 93,059,155 12,179 14,140 0 0 0
2018 3,642,432 3,578,612 7,221,044 139,588,373 18,268 23,647 361 0 0
2019 3,715,281 3,650,184 7,365,465 185,937,066 24,332 28,258 181,247 25 22
2020 3,789,587 3,723,188 7,512,774 232,269,295 30,395 35,286 378,597 51 64
2021 3,865,378 3,797,652 7,663,030 277,608,373 36,418 41,922 1,569,098 117 498
2022 3,942,686 3,873,605 7,816,290 322,570,887 42,384 48,514 3,136,163 240 976
2023 4,021,540 3,951,077 7,972,616 367,074,850 48,278 55,059 5,161,779 435 1,501
2024 4,101,970 4,030,098 8,132,068 409,701,791 53,924 61,349 9,064,417 878 2,281
2025 4,184,010 4,110,700 8,294,710 450,355,125 59,195 67,317 14,940,662 1,696 3,383
2026 4,267,690 4,192,914 8,460,604 487,160,707 64,030 72,518 24,664,659 2,950 5,252
2027 4,353,044 4,276,772 8,629,816 523,755,471 68,822 77,696 34,599,474 4,247 7,144
2028 4,440,105 4,362,308 8,802,412 546,431,176 71,316 79,626 58,453,348 7,842 12,284
2029 4,528,907 4,449,554 8,978,461 569,069,776 73,803 81,552 82,344,327 11,444 17,428
2030 4,619,485 4,538,545 9,158,030 591,433,867 76,261 83,442 106,509,815 15,075 22,608
2031 4,711,874 4,629,316 9,341,191 593,603,907 76,822 83,659 150,869,354 20,603 29,461
2032 4,806,112 4,721,902 9,528,014 595,773,948 77,383 83,876 195,228,892 26,131 36,314
2033 4,902,234 4,816,340 9,718,575 597,875,703 77,928 84,093 239,656,716 31,675 43,167
2034 5,000,279 4,912,667 9,912,946 599,782,452 78,430 84,239 284,279,546 37,262 50,091
2035 5,100,284 5,010,921 10,111,205 601,689,202 78,931 84,385 328,902,375 42,850 57,015
2036 5,202,290 5,111,139 10,313,429 601,689,202 78,931 84,385 375,431,954 48,939 64,085
2037 5,306,336 5,213,362 10,519,698 601,689,202 78,931 84,385 421,961,533 55,028 71,155
2038 5,412,463 5,317,629 10,730,092 601,689,202 78,931 84,385 468,491,112 61,117 78,225
2039 5,520,712 5,423,982 10,944,694 601,689,202 78,931 84,385 515,020,691 67,206 85,295
2040 5,631,126 5,532,461 11,163,587 601,689,202 78,931 84,385 561,550,270 73,295 92,365
2041 5,743,749 5,643,110 11,386,859 601,689,202 78,931 84,385 608,079,849 79,384 99,435
2042 5,858,624 5,755,973 11,614,596 601,689,202 78,931 84,385 654,609,428 85,473 106,505
2043 5,975,796 5,871,092 11,846,888 601,689,202 78,931 84,385 701,139,007 91,562 113,575
2044 6,095,312 5,988,514 12,083,826 601,689,202 78,931 84,385 747,668,586 97,651 120,645
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PLAN COST-EFFECTIVENESS RESULTS BY
PROJECT AND ANNUAL PLAN

IMPACTS

TABLE C.2.A
-16 GWh Plan Cost-effectiveness Results
Net B/C
Project/Test Perspective Benefits Costs Benefits Ratio
($1000) ($1000) ($1000)
Commercial/lIndustrial
Societal Test 250,152.00 109,413.00 140,739 2.29
Utility Test 130,359.00 17,795.00 112,564 7.33
Ratepayer Impact Measure Test 130,359.00 236,150.00 (105,791) 0.55
Low Income
Societal Test 7,050 4,112 2,938 1.71
Utility Test 3,068 3,661 (593) 0.84
Ratepayer Impact Measure Test 3,068 9,732 (6,664) 0.32
Residential
Societal Test 67,378.00 31,408.00 35,970 2.15
Utility Test 28,054.00 8,674.00 19,380 3.23
Ratepayer Impact Measure Test 28,054.00 64,829.00 (36,775) 0.43
Total with Nonimpact Programs
Societal Test 324,580.00 171,009.00 153,571 1.90
Utility Test 161,481.00 49,570.00 111,911 3.26
Ratepayer Impact Measure Test 161,481.00 330,152.00 (168,671) 0.49
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PLAN COST-EFFECTIVENESS RESULTS BY

PROJECT AND ANNUAL PLAN

TABLE C.2.B

-16 GWh Annual Program Costs and Impacts

IMPACTS

Plan Impacts

Cumulative DSM Expired

Total Plan Costs (Generator) (Generator)
MP Winter | MISO Summer Winter Winter
Incentive Administrative Total Energy Peak Peak Energy Peak Peak
® ® ®) (kwh) (kW) (kW) (kwh) (kW) (kw)
3,500,992 3,439,650 6,940,642 46,529,576 6,090 7,070 0 0 0
2,148,598 2,993,056 5,141,654 77,121,354 10,097 11,722 0 0 0
2,191,570 3,052,917 5,244,487 107,712,773 14,104 18,260 359 0 0
2,235,401 3,113,975 5,349,377 138,123,666 18,086 21,004 181,244 25 22
2,280,109 3,176,255 5,456,364 168,561,200 22,073 25,619 335,488 45 59
2,325,712 3,239,780 5,565,492 198,011,346 26,019 29,850 1,477,120 106 480
2,372,226 3,304,576 5,676,801 227,426,596 29,923 34,173 2,653,648 209 809
2,419,670 3,370,667 5,790,338 256,383,294 33,754 38,448 4,288,728 385 1,186
2,468,064 3,438,081 5,906,144 283,623,464 37,363 42,486 7,640,336 783 1,800
2,517,425 3,506,842 6,024,267 309,475,720 40,676 46,280 12,379,858 1,477 2,658
2,567,774 3,576,979 6,144,752 332,139,059 43,678 49,416 20,308,297 2,482 4,174
2,619,129 3,648,519 6,267,648 355,910,098 46,783 52,794 27,129,036 3,384 5,448
2,671,512 3,721,489 6,393,000 365,834,975 47,606 52,932 47,795,937 6,568 9,962
2,724,942 3,795,919 6,520,860 380,582,785 49,224 54,189 63,639,905 8,957 13,357
2,779,441 3,871,837 6,651,278 395,067,293 50,816 55,410 79,747,175 11,372 16,788
2,835,029 3,949,274 6,784,303 389,413,421 50,518 54,966 | 115,992,825 15,677 21,884
2,891,730 4,028,259 6,919,989 390,823,948 50,883 55,107 | 145,174,076 19,319 26,395
2,949,565 4,108,824 7,058,389 392,166,189 51,232 55,248 | 174,423,613 22,977 30,906
3,008,556 4,191,001 7,199,557 393,337,324 51,542 55,318 | 203,844,256 26,674 35,488
3,068,727 4,274,821 7,343,548 394,576,711 51,868 55,414 | 233,196,647 30,355 40,044
3,130,102 4,360,317 7,490,419 393,909,349 51,693 55,362 | 264,455,787 34,537 44,748
3,192,704 4,447,524 7,640,227 393,909,349 51,693 55,362 | 295,047,565 38,544 49,400
3,256,558 4,536,474 7,793,032 393,909,349 51,693 55,362 | 325,639,343 42,551 54,052
3,321,689 4,627,204 7,948,893 393,909,349 51,693 55,362 | 356,231,121 46,558 58,704
3,388,123 4,719,748 8,107,870 393,909,349 51,693 55,362 | 386,822,899 50,565 63,356
3,455,885 4,814,143 8,270,028 393,909,349 51,693 55,362 | 417,414,677 54,572 68,008
3,525,003 4,910,426 8,435,428 393,909,349 51,693 55,362 | 448,006,455 58,579 72,660
3,595,503 5,008,634 8,604,137 393,909,349 51,693 55,362 | 478,598,233 62,586 77,312
3,667,413 5,108,807 8,776,220 393,909,349 51,693 55,362 ] 509,190,011 66,593 81,964
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PLAN COST-EFFECTIVENESS RESULTS BY
PROJECT AND ANNUAL PLAN

IMPACTS

TABLE C.3.A
+11 GWh Cost-effectiveness Results
Net B/C
Project/Test Perspective Benefits Costs Benefits Ratio
($1000) ($1000) ($1000)
Commercial/lndustrial
Societal Test 453,859.00 197,054.00 256,805 2.30
Utility Test 232,688.00 38,316.00 194,372 6.07
Ratepayer Impact Measure Test 232,688.00 427,707.00 (195,019) 0.54
Low Income
Societal Test 7,050 4,112 2,938 1.71
Utility Test 3,068 3,661 (593) 0.84
Ratepayer Impact Measure Test 3,068 9,732 (6,664) 0.32
Residential
Societal Test 122,062.00 54,703.00 67,359 2.23
Utility Test 50,084.00 17,083.00 33,001 2.93
Ratepayer Impact Measure Test 50,084.00 117,155.00 (67,071) 0.43
Total with Nonimpact Programs
Societal Test 582,971.00 295,453.00 287,518 1.97
Utility Test 285,840.00 88,203.00 197,637 3.24
Ratepayer Impact Measure Test 285,840.00 583,737.00 (297,897) 0.49
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PLAN COST-EFFECTIVENESS RESULTS BY
IMPACTS

PROJECT AND ANNUAL PLAN

TABLE C.3.B
+11 GWh Annual Program Costs and Impacts

Plan Impacts

Cumulative DSM Expired

Total Plan Costs (Generator) (Generator)

MP Winter |MISO Summer Winter Winter

Year Incentive Administrative Total Energy Peak Peak Energy Peak Peak

® ® ® (kwh) (kW) (kW) (kwh) (kW) (kW)
2016 3,500,992 3,439,650 6,940,642 46,529,576 6,090 7,070 0 0 0
2017 5,008,680 4,735,943 9,744,623 103,783,017 13,580 15,767 0 0 0
2018 5,108,854 4,830,662 9,939,515 161,036,097 21,070 27,272 361 0 0
2019 5,211,031 4,927,275 10,138,306 218,108,651 28,534 33,139 181,248 26 22
2020 5,315,251 5,025,821 10,341,072 275,135,739 35,995 41,790 407,601 55 68
2021 5,421,556 5,126,337 10,547,893 331,165,798 43,415 50,045 1,630,983 125 510
2022 5,529,987 5,228,864 10,758,851 386,589,400 50,769 58,164 3,460,822 261 1,088
2023 5,640,587 5,333,441 10,974,028 441,554,450 58,050 66,235 5,749,213 470 1,714
2024 5,753,399 5,440,110 11,193,509 494,534,489 65,068 74,041 10,022,615 942 2,605
2025 5,868,467 5,548,912 11,417,379 545,146,834 71,656 81,471 16,663,711 1,844 3,872
2026 5,985,836 5,659,890 11,645,727 591,468,125 77,724 88,062 27,595,861 3,266 5,978
2027 6,105,553 5,773,088 11,878,641 636,691,424 83,651 94,451 39,626,003 4,829 8,286
2028 6,227,664 5,888,550 12,116,214 667,946,613 87,271 97,587 65,624,255 8,699 13,847
2029 6,352,217 6,006,321 12,358,538 695,894,587 90,341 99,964 94,929,722 13,119 20,167
2030 6,479,262 6,126,447 12,605,709 723,560,511 93,381 102,303 | 124,517,239 17,569 26,525
2031 6,608,847 6,248,976 12,857,823 730,994,927 94,520 102,965 | 174,336,264 23,920 34,560
2032 6,741,024 6,373,956 13,114,980 733,676,012 95,214 103,233 | 228,908,620 30,716 42,989
2033 6,875,844 6,501,435 13,377,279 736,288,812 95,891 103,501 283,549,261 37,529 51,418
2034 7,013,361 6,631,464 13,644,825 738,690,525 96,521 103,698 | 338,400,989 44,389 59,918
2035 7,153,628 6,764,093 13,917,721 741,046,313 97,140 103,879 393,298,642 51,260 68,434
2036 7,296,701 6,899,375 14,196,076 741,495,353 97,258 103,914 | 450,103,043 58,632 77,096
2037 7,442,635 7,037,362 14,479,997 741,495,353 97,258 103,914 | 507,356,484 66,122 85,793
2038 7,591,488 7,178,109 14,769,597 741,495,353 97,258 103,914 | 564,609,925 73,612 94,490
2039 7,743,317 7,321,672 15,064,989 741,495,353 97,258 103,914 | 621,863,366 81,102 103,187
2040 7,898,184 7,468,105 15,366,289 741,495,353 97,258 103,914 | 679,116,807 88,592 111,884
2041 8,056,147 7,617,467 15,673,615 741,495,353 97,258 103,914 | 736,370,248 96,082 120,581
2042 8,217,270 7,769,816 15,987,087 741,495,353 97,258 103,914 | 793,623,689 103,572 129,278
2043 8,381,616 7,925,213 16,306,829 741,495,353 97,258 103,914 | 850,877,130 111,062 137,975
2044 8,549,248 8,083,717 16,632,965 741,495,353 97,258 103,914 908,130,571 118,552 146,672
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PLAN COST-EFFECTIVENESS RESULTS BY
PROJECT AND ANNUAL PLAN

IMPACTS

TABLE C.4.A
+15 GWh Cost-effectiveness Results
Net B/C
Project/Test Perspective Benefits Costs Benefits Ratio
($1000) ($1000) ($1000)
Commercial/Industrial
Societal Test 484,302.00 211,233.00 273,069 2.29
Utility Test 247,981.00 44,101.00 203,880 5.62
Ratepayer Impact Measure Test 247,981.00 459,052.00 (211,071) 0.54
Low Income
Societal Test 7,050 4,112 2,938 1.71
Utility Test 3,068 3,661 (593) 0.84
Ratepayer Impact Measure Test 3,068 9,732 (6,664) 0.32
Residential
Societal Test 130,234.00 58,650.00 71,584 2.22
Utility Test 53,376.00 19,553.00 33,823 2.73
Ratepayer Impact Measure Test 53,376.00 126,187.00 (72,811) 0.42
Total with Nonimpact Programs
Societal Test 621,586.00 318,362.00 303,224 1.95
Utility Test 304,425.00 99,945.00 204,480 3.05
Ratepayer Impact Measure Test 304,425.00 627,603.00 (323,178) 0.49
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PLAN COST-EFFECTIVENESS RESULTS BY
IMPACTS

PROJECT AND ANNUAL PLAN

TABLE C.4.B

+15 GWh Annual Program Costs and Impacts

Plan Impacts Cumulative DSM Expired
Total Plan Costs (Generator) Generator)

MP Winter | MISO Summer Winter Winter

Year Incentive Administrative Total Energy Peak Peak Energy Peak Peak

©)] ® ® (kWh) (kW) (kw) (kwh) (kW) (kW)
2016 3,500,992 3,439,650 6,940,642 46,529,576 6,090 7,070 0 0 0
2017 5,800,268 5,343,401 11,143,669 107,767,464 14,100 16,371 0 0 0
2018 5,916,273 5,450,269 11,366,542 169,004,992 22,111 28,619 360 (1) 0
2019 6,034,599 5,559,274 11,593,873 230,061,995 30,096 34,952 181,245 24 21
2020 6,155,291 5,670,460 11,825,751 291,062,754 38,075 44,207 418,374 55 67
2021 6,278,397 5,783,869 12,062,266 351,065,046 46,014 53,063 1,653,970 126 512
2022 6,403,965 5,899,546 12,303,511 410,375,461 53,884 61,749 3,581,443 266 1,127
2023 6,532,044 6,017,537 12,549,581 469,227,326 61,681 70,388 5,967,466 479 1,789
2024 6,662,685 6,137,888 12,800,573 526,054,056 69,208 78,757 10,378,624 962 2,721
2025 6,795,938 6,260,646 13,056,584 580,366,670 76,286 86,730 17,303,898 1,894 4,049
2026 6,931,857 6,385,859 13,317,716 630,223,519 82,812 93,838 28,684,937 3,378 6,242
2027 7,070,494 6,513,576 13,584,070 678,652,748 89,161 100,677 41,493,596 5,039 8,704
2028 7,211,904 6,643,848 13,855,752 713,095,642 93,198 104,261 68,288,590 9,012 14,421
2029 7,356,142 6,776,724 14,132,867 743,016,312 96,486 106,805 99,605,808 13,734 21,178
2030 7,503,265 6,912,259 14,415,524 772,652,130 99,742 109,311 131,207,878 18,488 27,973
2031 7,653,330 7,050,504 14,703,835 782,042,524 101,096 110,138 183,055,372 25,144 36,447
2032 7,806,397 7,191,514 14,997,911 784,913,488 101,839 110,425 241,422,296 32,411 45,461
2033 7,962,525 7,335,345 15,297,870 787,716,166 102,565 110,712 299,857,506 39,695 54,475
2034 8,121,775 7,482,051 15,603,827 790,301,782 103,242 110,929 358,509,778 47,028 63,559
2035 8,284,211 7,631,692 15,915,903 792,824,411 103,906 111,122 417,225,037 54,374 72,667
2036 8,449,895 7,784,326 16,234,222 793,440,291 104,068 111,170 477,847,045 62,222 81,920
2037 8,618,893 7,940,013 16,558,906 793,440,291 104,068 111,170 539,084,933 70,232 91,221
2038 8,791,271 8,098,813 16,890,084 793,440,291 104,068 111,170 600,322,821 78,242 100,522
2039 8,967,096 8,260,789 17,227,886 793,440,291 104,068 111,170 661,560,709 86,252 109,823
2040 9,146,438 8,426,005 17,572,443 793,440,291 104,068 111,170 722,798,597 94,262 119,124
2041 9,329,367 8,594,525 17,923,892 793,440,291 104,068 111,170 784,036,485 102,272 128,425
2042 9,515,954 8,766,416 18,282,370 793,440,291 104,068 111,170 845,274,373 110,282 137,726
2043 9,706,274 8,941,744 18,648,018 793,440,291 104,068 111,170 906,512,261 118,292 147,027
2044 9,900,399 9,120,579 19,020,978 793,440,291 104,068 111,170 967,750,149 126,302 156,328
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PLAN COST-EFFECTIVENESS RESULTS BY
PROJECT AND ANNUAL PLAN

IMPACTS

TABLE C.5.A
+30 GWh Cost-effectiveness Results
Net B/C
Project/Test Perspective Benefits Costs Benefits Ratio
($1000) ($1000) ($1000)
Commercial/Industrial
Societal Test 601,203.00 265,604.00 335,599 2.26
Utility Test 306,704.00 73,121.00 233,583 4.19
Ratepayer Impact Measure Test 306,704.00 586,225.00 (279,521) 0.52
Low Income
Societal Test 7,050 4,112 2,938 1.71
Utility Test 3,068 3,661 (593) 0.84
Ratepayer Impact Measure Test 3,068 9,732 (6,664) 0.32
Residential
Societal Test 161,615.00 74,537.00 87,078 2.17
Utility Test 66,018.00 30,556.00 35,462 2.16
Ratepayer Impact Measure Test 66,018.00 162,394.00 (96,376) 0.41
Total with Nonimpact Programs
Societal Test 769,868.00 408,319.00 361,549 1.89
Utility Test 375,790.00 154,175.00 221,615 2.44
Ratepayer Impact Measure Test 375,790.00 805,187.00 (429,397) 0.47
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PLAN COST-EFFECTIVENESS RESULTS BY
PROJECT AND ANNUAL PLAN IMPACTS

TABLE C.5.B
+30 GWh Annual Program Costs and Impacts

Plan Impacts Cumulative DSM Expired
Total Plan Costs (Generator) (Generator)
MP Winter [ MISO Summer Winter Summer
Year Incentive Administrative Total Energy Peak Peak Energy Peak Peak
® ® ® (kwh) (kW) (kW) (kwh) (kW) (kW)

2016 3,500,992 3,439,650 6,940,642 46,529,576 6,090 7,070 0 0 0
2017 9,769,008 7,835,883 17,604,891 123,067,750 16,099 18,693 0 0 0
2018 9,964,388 7,992,601 17,956,989 199,605,565 26,109 33,791 359 (1) 0
2019 10,163,676 8,152,453 18,316,129 275,962,855 36,092 41,916 181,243 25 23
2020 10,366,949 8,315,502 18,682,451 352,222,520 46,065 53,487 459,752 61 75
2021 10,574,288 8,481,812 19,056,100 427,478,185 55,997 64,652 1,742,261 138 533
2022 10,785,774 8,651,448 19,437,222 501,713,974 65,847 75,517 4,044,646 297 1,291
2023 11,001,490 8,824,477 19,825,967 575,491,211 75,624 86,334 6,805,583 529 2,097
2024 11,221,519 9,000,966 20,222,486 647,089,240 85,107 96,866 11,745,728 1,055 3,188
2025 11,445,950 9,180,986 20,626,936 715,610,888 94,064 106,926 19,762,254 2,107 4,751
2026 11,674,869 9,364,606 21,039,474 779,044,290 102,350 116,016 32,867,026 3,830 7,284
2027 11,908,366 9,551,898 21,460,264 839,784,294 110,319 124,583 48,665,196 5,870 10,340
2028 12,146,534 9,742,936 21,889,469 886,467,980 115,961 129,887 78,519,684 10,237 16,659
2029 12,389,464 9,937,794 22,327,259 923,963,809 120,081 133,074 117,562,029 16,126 25,095
2030 12,637,254 10,136,550 22,773,804 961,164,025 124,168 136,222 156,899,987 22,048 33,570
2031 12,889,999 10,339,281 23,229,280 978,065,374 16,348 137,684 216,536,812 139,877 43,731
2032 13,147,799 10,546,067 23,693,865 981,665,472 127,279 138,043 289,474,888 38,955 54,995
2033 13,410,755 10,756,988 24,167,743 985,197,284 128,194 138,403 362,481,250 48,049 66,258
2034 13,678,970 10,972,128 24,651,098 988,489,090 129,054 138,692 435,727,618 57,198 77,592
2035 13,952,549 11,191,570 25,144,120 991,652,387 129,886 138,935 509,102,495 66,375 88,972
2036 14,231,600 11,415,402 25,647,002 992,908,935 130,217 139,032 584,384,121 76,053 100,498
2037 14,516,232 11,643,710 26,159,942 992,908,935 130,217 139,032 660,922,295 86,062 112,121
2038 14,806,557 11,876,584 26,683,141 992,908,935 130,217 139,032 737,460,469 96,071 123,744
2039 15,102,688 12,114,116 27,216,804 992,908,935 130,217 139,032 813,998,643 106,080 135,367
2040 15,404,742 12,356,398 27,761,140 992,908,935 130,217 139,032 890,536,817 116,089 146,990
2041 15,712,836 12,603,526 28,316,362 992,908,935 130,217 139,032 967,074,991 126,098 158,613
2042 16,027,093 12,855,597 28,882,690 992,908,935 130,217 139,032 | 1,043,613,165 136,107 170,236
2043 16,347,635 13,112,709 29,460,344 992,908,935 130,217 139,032 | 1,120,151,339 146,116 181,859
2044 16,674,588 13,374,963 30,049,550 992,908,935 130,217 139,032 | 1,196,689,513 156,125 193,482
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Part 3: Consideration of Additional Demand Response Programs

Minnesota Power continues to identify and implement valuable DSM programs including its
conservation programs (Part 1 of this Appendix) and demand response with its existing
interruptible capabilities within the large industrial customer processes and residential and
commercial electric heating customers.! For the 2015 Plan, Minnesota Power determined it
would expand its investigation of additional demand response programs through a peak shaving
(or load control) programs for central air conditioning (“CAC”) customers and electric hot water
("HW”) customers. This section summarizes the characteristics of the two load control programs
evaluated in the 2015 Plan.

CAC Demand Response Program

Residential and commercial customers with CAC are increasing in number in Minnesota
Power’s service territory and are projected to keep growing per load research included in its
2015 Annual Electric Utility Forecast Report (“AFR2015") and shown in Figure 1. This type of
demand response program is not new; many utilities across the region employ CAC cycling
programs. Minnesota Power is able to leverage the insights and understanding of how this type
of program can provide optionality and benefit for the residential and small C/I customer
classes.

Figure 1: Minnesota Power Projection for Central Air Conditioning
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The premise of a CAC cycling program is the requirement that the end-user have a CAC
unit on which a switch is installed that allows for remote cycling of the compressor on and off

! Minnesota Power recently provided an overview of its current demand side management programs in Docket No.
E999/CI-09-1449 (Aggregators of Retail Customers).
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throughout the peak hours of the day (Figure 2). Reducing energy and capacity requirements
during peak summer season hours provides benefit to both the customer and the utility.
Reducing peak demand can help keep rates low by allowing utilities to delay investment in
capital-intensive newly constructed power plants.

Figure 2: lllustrative Example of Controllable CAC Load Available for Minnesota Power's Peak Day in
Summer 2014
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Minnesota Power is conducting the initial investigation of the power supply benefits of a
CAC cycling program through the use of its production cost and expansion planning evaluation
utilizing the Strategist software. Strategist allows Minnesota Power to evaluate new generation
(or supply-side) alternatives side-by-side with load reduction (or demand side) alternatives.
Minnesota Power will be able to utilize a set of assumptions to identify the benefit and cost of
the CAC cycling program and determine if exploring additional program design is warranted.

Program Cost Assumptions

There are several cost categories to consider as part of a CAC cycling program including
equipment, customer rate incentives, communication infrastructure, and program oversight
staffing. Minnesota Power developed a set of initial assumptions based on a combination of
national industry information and data more specific to Minnesota Power’s region.
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Equipment Cost

The equipment cost assumed in the analysis included the cost and labor of installing a
switch on the participating end-user CAC unit. It was assumed that Minnesota Power would
cover the entire equipment cost required (estimated to be $200 per switch). The installation
labor and equipment cost of a residential or small C/I switch was based on vendor quotes and
typical project scope.

Customer Rate Incentives

The customer rate incentive assumed in the analysis included a rate reduction credited to
participating customers. It was assumed that Minnesota Power would provide a $40 annual
incentive to each participating customer. The rate incentive was based on a comparison of
incentives offered by other utilities in the Midwest region.

Communication Infrastructure

It was assumed that Minnesota Power would utilize switches with communication
requirements compatible with those of its existing dual fuel heating program. The dual fuel
heating program communicates remotely with customer meters similar to how cycling a
compressor would work. Although a new Graphical and User interface (“GUI") is required to
handle the increase in demand response functionality. For purpose of this study there was
approximately $90,000 of capital and $70,000 of operations and maintenance (“O&M”) per year
included for the new demand response GUI system.? Any additional communication equipment
or software required as part of the final program would increase the cost of the program to
Minnesota Power relative to how it was evaluated in this study.

Staffing

It was assumed that Minnesota Power would utilize existing staff to implement and oversee
the new program. If new staff is required, it would increase the cost of the program to Minnesota
Power relative to how it was evaluated in this study.

Minnesota Power is currently assuming that the earliest a CAC cycling program could be
implemented for customers would be the 2017 timeframe to accommodate additional design
and gain regulatory approvals. As the preliminary investigation into a potential CAC cycling
program continues, Minnesota Power will refine these assumptions and incorporate them into
future iterations of the cost benefit evaluation.

2 For the Strategist modeling $90,000 of capital and $70,000 of O&M for the GUI system is allocated 50/50 between
the two load control programs considered in the 2015 Plan. This results in $45,000 of capital and $35,000 of annual
O&M being allocated to the CAC program and HW program.
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Program Operation

There are several operational assumptions associated with the evaluation of this type of
demand response program including control definition (when can an interruption occur),
demand reduction per customer (how many times can interruption happen), and ultimate
customer participation in the program offering.

Common control assumptions that can be defined include control period and maximum
control actions. The control period is generally defined as the time of day when the participant’s
CAC compressor would be cycled. This is typically defined during the time of day when cooling
demand is expected to be greatest. A six-hour control period from 1:00 p.m. to 7:00 p.m. was
assumed in this evaluation for the program. Utilities also typically define a maximum number of
control events they will initiate during the year. A maximum of 15 control actions per year was
used. Both the control period duration and maximum control actions per year were based on a
comparison of CAC cycling program control characteristics defined by other utilities in the
region.

The demand reduction per customer refers to the amount of peak demand (or kW)
reduction Minnesota Power can count against its planning reserve margin (“PRM”). It was
assumed Minnesota Power could count 1.9 kW of peak demand reduction per participant. The
peak demand reduction was based on the value listed for customers in Minnesota in the FERC-
commissioned report, A National Assessment of Demand Response Potential (“FERC DR
Report”).?

Customer patrticipation in a CAC cycling program cannot be easily predicted; however, the
pool of customers that can technically participate is more certain and for this evaluation was
restricted in two ways. First, customers were restricted to only residential and small C/I
customers based on the 2014 Annual Electric Utility Forecast Report (“AFR2014”)* outlook.
Second, customers were further restricted to only those residential and small C/I customers with
a CAC unit based on load research. From this pool of eligible customers, it was assumed that
Minnesota Power could enroll 20 percent of eligible customers in the program and then sustain
a 1.3 percent growth rate over a 15-year period. The growth rate estimate was based on the
growth rate for customers in Minnesota as reported in the FERC DR Report. Participating
customers are assumed to be organized into at least four equal-sized control groups that could
be cycled on and off every 15 minutes.

Based on the assumed customer participation rate and peak demand reduction per
customer, the CAC cycling program for this evaluation amounted to a total peak reduction of
approximately 8.8 MW by year 15 of the program. Figure 3 shows the total peak reduction
estimated for the program over 15 years.

% Federal Energy Regulatory Commission Staff Report, A National Assessment of Demand Response Potential (June
2009), prepared by The Brattle Group, Freeman, Sullivan and Co., and Global Energy Partners, LLC.

* Minnesota Power recognizes that the saturation rates for CAC and HW are based on load research for AFR2015,
but the customer count is based on AFR2014. At the time these load control programs were designed customer count
information from AFR2015 was not available, but saturation rates were. To ensure the latest load research on
saturation rates for CAC and HW were used in the evaluation the AFR2015 was utilized.
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Figure 3: CAC Program Peak Reduction
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Determining a Benefit Cost

Based on the initial cost and operational parameters utilized, a present value (levelized
cost) of the CAC cycling program’s costs is estimated to be $1,460 per kW. Strategist was used
to evaluate the cost and benefits of the CAC cycling program alongside new generation
alternatives to meet future customer power requirements as described further in Section 1V of
this document. With more economical generation alternatives available and regional energy
surpluses, the benefits of the CAC cycling program are likely to be limited in the near term for
this initial evaluation. However, the assumptions utilized within this study will continue to be
refined and verified as more industry data and program design specific to Minnesota Power is
considered. Minnesota Power believes that as industry dynamics continue to evolve a CAC
cycling program could provide benefits to system power supply and the Company will continue
to monitor this accordingly, including an update of these investigations in future resource plans.

Electric Hot Water Demand Response Program

Residential customers with electric HW are increasing in number in Minnesota Power’s
service territory, but not growing nearly at the same rate as CAC customers. In fact, the
saturation rate of HW is assumed to be minimal to no growth per load research included in its
most recent AFR2015 and shown in Figure 4. This type of demand response program is not
new; many utilities across the region employ various HW cycling programs. Minnesota Power is
able to leverage the insights and understanding of how this type of program can provide rate
optionality and benefit for the residential and small C/I customer classes.
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Figure 4: Minnesota Power Projection for Electric Hot Water
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The premise of an HW cycling program is the requirement that the end-user have an
electric HW unit on which a switch is installed that allows for remote control of the thermostat
connected to the heating elements, cycling on and off throughout the peak hours of the day.
Reducing energy and capacity requirements during peak hours of summer and winter seasons
provides benefit to both the customer and the utility. Reducing peak demand can help keep
rates low by allowing utilities to delay investment in capital-intensive newly constructed power
plants.

Minnesota Power is conducting the initial investigation of the power supply benefits of an
HW cycling program through the use of its production cost and expansion planning evaluation
utilizing the Strategist software. Strategist allows Minnesota Power to evaluate new generation
(or supply-side) alternatives side-by-side with load reduction (or demand side) alternatives.
Minnesota Power will be able to utilize a set of assumptions to identify the benefit and cost of
the HW cycling program and determine if exploring additional program design is warranted.

Program Cost Assumptions

There are several cost categories to consider as part of an HW cycling program including
equipment, customer rate incentives, communication infrastructure, and program oversight
staffing. Minnesota Power developed a set of initial assumptions based on a combination of
national industry information and data more specific to Minnesota Power’s region.
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Equipment Cost

The equipment cost assumed in the analysis included the cost and labor of installing a
switch on the participating end-user electric HW unit. It was assumed that Minnesota Power
would cover the entire equipment cost required (estimated to be $200 per switch). The
installation labor and equipment cost of a residential switch was based on vendor quotes and
typical project scope.

Customer Rate Incentives

The customer rate incentive assumed in the analysis included a rate reduction credited to
participating customers. It was assumed that Minnesota Power would provide a $60 annual
incentive to each participating customer. The rate incentive was based on a comparison of
incentives offered by other utilities in the Midwest region.

Communication Infrastructure

It was assumed that Minnesota Power would utilize switches with communication
requirements compatible with those of its existing dual fuel heating program. The dual fuel
heating program communicates remotely with customer meters similar to how cycling an electric
HW unit would work. Although a new GUI is required to handle the increase in demand
response functionality. For purpose of this study there was approximately $90,000 of capital
and $70,000 of O&M per year included for the new demand response GUI system.> Any
additional communication equipment or software required as part of the final program would
increase the cost of the program to Minnesota Power relative to how it was evaluated in this
study.

Staffing

It was assumed that Minnesota Power would utilize existing staff to implement and oversee
the new program. If new staff is required, it would increase the cost of the program to Minnesota
Power relative to how it was evaluated in this study.

Minnesota Power is currently assuming that the earliest an HW cycling program could be
implemented for customers would be the 2017 timeframe to accommodate additional design
and gain regulatory approvals. As the preliminary investigation into a potential HW cycling
program continues, Minnesota Power will refine these assumptions and incorporate them into
future iterations of the cost benefit evaluation.

Program Operation

There are several operational assumptions associated with the evaluation of this type of
demand response program including control definition (when can an interruption occur),
demand reduction per customer (how many times can interruption happen), and ultimate
customer participation in the program offering.

® For the Strategist modeling $90,000 of capital and $70,000 of O&M for the GUI system is allocated 50/50 between
the two load control programs considered in the 2015 Plan. This results in $45,000 of capital and $35,000 of annual
O&M being allocated to the CAC program and HW program.
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Common control assumptions that can be defined include control period and maximum
control actions. The control period is generally defined as the time of day when the participant’s
electric heating elements would be cycled. This is typically defined during the time of day when
demand is expected to be greatest. A six-hour control period from 1:00 p.m. to 7:00 p.m. was
assumed in this evaluation for the program. Utilities also typically define a maximum number of
control events they will initiate during the year. A maximum of 365 control actions per year was
used. Both the control period duration and maximum control actions per year were based on a
comparison of HW cycling program control characteristics defined by other utilities in the region.

The demand reduction per customer refers to the amount of peak demand (or kW)
reduction Minnesota Power can count against its PRM. It was assumed Minnesota Power could
count 0.5 kW of peak demand reduction per participant. Customer participation in an HW
cycling program cannot be easily predicted; however, the pool of customers that can technically
participate is more certain and for this evaluation was restricted in two ways. First, customers
were restricted to only residential as based on the AFR2014 outlook. Second, customers were
further restricted to only those residential with an electric HW unit based on load research. From
this pool of eligible customers, it was assumed that Minnesota Power could enroll 20 percent of
eligible customers in the program and then sustain a 1.3 percent growth rate over a 15-year
period. The growth rate estimate was based on the growth rate for customers in Minnesota as
reported in the FERC DR Report. Participating customers are assumed to be organized into one
control group that could be cycled on and off every hour.

Based on the assumed customer participation rate and peak demand reduction per
customer, the HW cycling program for this evaluation amounted to a total peak reduction of
approximately 7.5 MW by year 15 of the program. Figure 5 shows the total peak reduction
estimated for the program over 15 years.

Figure 5: HW Program Peak Reduction
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Determining a Benefit Cost

Based on the initial cost and operational parameters utilized, a present value (levelized
cost) of the HW cycling program’s costs is estimated to be $1,930 per kW. Strategist was used
to evaluate the cost and benefits of the HW cycling program alongside new generation
alternatives to meet future customer power requirements as described further in Section IV of
this document. With more economical generation alternatives available, the benefits of the HW
cycling program are likely to be limited in the near term for this initial evaluation. However, the
assumptions utilized within this study will continue to be refined and verified as more industry
data and program design specific to Minnesota Power is considered. Minnesota Power believes
that as industry dynamics continue to evolve an HW Cycling program could provide benefits to
system power supply and the Company will continue to monitor this accordingly, including an
update of these investigations in future resource plans.
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Part 4: Order Point 12 Considerations

Minnesota Power’s 2013 Integrated Resource Plan (“2013 Plan”) approval,1 identified that
for its next resource plan that it would bring forward additional information regarding customer
energy efficiency. Specifically, the 2013 Plan Order identified that Minnesota Power will:

a. ldentify the amount of energy savings embedded in each year of its load forecast, in
terms of total savings (kWh) and as a percentage of non-CIP-Exempt retail sales;

b. Identify the amount of system-wide energy savings, including aggregate data for CIP-
exempt customers, embedded in each year of its load forecast;

This Appendix and the sections below will identify the estimate for the embedded energy
savings it created as an approximate for what is included in its load outlook. Further, the Order
requests that Minnesota Power:

a. Evaluate additional conservation scenarios for its CIP-exempt and non-CIP-exempt
customers, that would achieve greater energy savings beyond those in the base case;
and

b. Provide cost assumption for achieving every 0.1 percent of savings above 1.5 percent
of non-CIP-exempt retail sales.

Minnesota Power administers the design and implementation of its energy efficiency
programs for its non-CIP-exempt retail customers, and created several energy efficiency
scenarios for the 2015 Plan. The detailed methodology and ultimate scenario levels are
described in Part 1 and Part 2 of this Appendix. Further, the scenario alternatives were included
into the expansion plan evaluation for new demand-side alternatives as part of Section IV and
Appendix K for Minnesota Power’s Preferred Plan.

The longstanding relationship and some recent examples of implementing energy savings
of the CIP-exempt customers are highlighted in the sections below. The natural business drivers
behind energy savings initiatives for the CIP-exempt customers are discussed, and while
Minnesota Power was unable to determine forward scenarios for these dynamic customers, the
energy savings activity exemplifies the current and ongoing role that energy efficiency measures
have with this customer set.

Embedded Energy Savings Estimate

As part of its 2013 Plan, Minnesota Power was asked for additional insight into the energy
savings in its customer sales forecast. The Company was further asked to identify the amount of
system-wide energy savings, including aggregate data for CIP-Exempt customers, embedded in
each year of its load forecast. Embedded conservation is not something that can be estimated
with a high degree of certainty, regardless of the method used. While this study represents a
good faith effort to meet the requested calculations, the results should only be considered
estimates.

! November 12, 2013 Order - Docket No. E015/RP-13-53.
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When developing its customer load forecasts each year, Minnesota Power makes no
explicit assumptions for demand-side management/conservation, and does not in practice
adjust its econometric load forecast for projected amounts of these items. The forecast created
through the Annual Electric Utility Forecast Report (“AFR”) process represents a continuation of
historical trends in electric consumption and is constructed using actual historical metered
electric usage. Since the impact of customer conservation is embedded in historical customer
usage, it must also be embedded in the load forecast.

Per the language of the Order, Minnesota Power has identified a methodology that
organizes its retail customers into two categories: non-CIP-exempt and CIP-exempt. Minnesota
Power’s non-CIP-exempt retail customer base is composed of residential, commercial, and all
but the largest industrial customers. Minnesota Power’s CIP-exempt customers are comprised
of a small group of very large industrial customers that are eligible under the CIP statute to
petition, and have in fact elected to petition, to “opt-out” of Minnesota Power’s conservation
improvement program by providing detailed information to the Minnesota Department of
Commerce — Division of Energy Resources (“Department”) regarding the energy efficiency and
energy conservation efforts at their respective facilities.

To support a methodology to comply with the request, historical energy savings data were
gathered from Minnesota Power’s public filings of its energy conservation programs (“non-CIP-
exempt”) and from Trade Secret energy savings information provided by large industrial
customers (“CIP-exempt”). The two sources provide a basis for estimation of what energy
saving efforts are included in Minnesota Power’s current forecast.

Minnesota Power quantified the recent historical trend of energy savings on its system
using a five-year summation approach. The load forecast’s embedded energy savings are
estimated by totaling five-year savings achieved through both Minnesota Power programs and
CIP-exempt customers.” The approach resulted in an embedded energy savings estimate of
approximately 450 GWh annually when both customer sets are combined.

The approach presented above for embedded energy savings is fairly straightforward and
based on the best data currently available. However, Minnesota Power recognizes that
embedded conservation is nhot something that can be estimated with a high degree of certainty
regardless of the method used, and will caution against placing excessive confidence in these
estimates. The impacts of customer energy efficiency behavior are present in customer load
outlooks and the impacts have been reducing the need for new electric sources on an ongoing
basis as utilities identify supply to meet the projected customer requirements and maintain
reliable electric service.

Large Customer Conservation

Minnesota Power’s CIP-exempt group is comprised of those large industrial customers that
have identified through State legislative designation to be considered ‘Exempt” from the
conservation program established in Minnesota. There are approximately 14 customers at the
time of this filing that fall under the exempt classification, most of whom have submitted multiple

% The detail of the methodology and actual values from the two customer sets was provided as part of Minnesota
Power’s Trade Secret data submittal on July 31, 2015. The individual CIP-exempt customer data is proprietary.
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reports to the Department detailing efforts to implement energy efficiency and energy
conservation strategies. These energy-intensive, CIP-exempt customers are also trade-exposed
because of the economic pressures they face in the global marketplace. These industries have
competitors oversees that have an advantage because of other nations’ favorable tax policies,
trade laws, health care costs, and environmental compliance. Given the increased health care,
environmental compliance, and energy costs in the United States, these customers are naturally
incentivized to pursue all efficiency improvements to keep their product costs as low as
possible, including any and all economically viable efficiency improvements related to energy
consumption.

Minnesota Power’s large power customers’ energy consumption contributes to a higher
than average system load factor of approximately 80 percent.3 Due to their intensive energy
needs, Minnesota Power works closely with large power customers on an ongoing basis to
ensure their electric service remains reliable and new electric needs are planned for in advance.
Account representatives from the Company work side by side with individual large power
customers in the field to serve their current and forward looking energy needs. Minnesota Power
is closely integrated with each of its large industrial customers on a daily basis. The Company
interacts with regional markets for surplus and deficit electricity planning when load changes
occur. The relationship between the Company and the large industrial customers allows both
parties to continuously assess needs and look for opportunities to improve.

Forward looking energy efficiency scenarios for CIP-exempt customers have several
estimation challenges. CIP-exempt customers’ efficiency projects tend to be large and irregular,
often requiring significant capital investment. The timing or feasibility of a conservation project is
also subject to demand for a customer’s product, which is influenced by market forces.

Minnesota Power conducts cost/benefit analysis for non-CIP-exempt customers using
measure-specific cost estimates, assumptions of consumer behavior, and general assumptions
of potential savings. In contrast, CIP-exempt customers’ conservation is characterized by large
and irregular energy saving projects, often requiring significant capital investment. There are
also very few CIP-exempt customers; application of general assumptions for consumer behavior
or potential savings is appropriate when applied to a large group of residential or commercial
customers, but is not a viable approach to CIP-exempt conservation planning. Without gaining
access to forward looking and proprietary business specific plans for each CIP-exempt
customer, or making considerable assumptions that may not be well-founded, Minnesota Power
cannot evaluate conservation scenarios on behalf of its CIP-exempt customers in the same way
it may evaluate conservation measures for non-CIP-exempt customers.

The Company, working closely with these entities, is able to assist and optimize the energy
needs and pursue energy efficiency improvements for facilities in the Company’s service
territory. Though specific energy efficiency reporting is no longer required under state law, large
power customers continue to update and streamline their operations regularly. The Company
has, and will continue to work closely with large power customers to maximize their energy
efficiency. Some examples of this ongoing and recent activity of energy efficiency projects are
listed below.

® Docket No. E015/RP-13-53.
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PUBLIC DOCUMENT
TRADE SECRET DATA
HAS BEEN EXCISED

The information below is proprietary for each customer and not able to be displayed for all
stakeholders.

[TRADE SECRET DATA EXCISED]
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Minnesota Power’s customer outlook and forecasting process inherently includes recent
trends of customer behaviors. The national and global marketplaces will continue to demand
efficient production practices as these customers work to compete for the delivery of their
product. Continuous refinement and implementation of best practices will be driven by their
business models and support optimizing energy efficient practices in their sectors.

The Company fully anticipates continuing to work with large power customers to contribute
to energy efficiency in their operations, additional energy needs, and support overall energy
efficiency of the electric system in the state and region.
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APPENDIX C: EXISTING POWER SUPPLY

Minnesota Power (or “Company”) has a power supply portfolio that is made up of installed
and Company owned assets, as well as purchases from other entities. This appendix details
Minnesota Power’s existing power supply in the following parts:

e Part 1 explains Minnesota Power’s mission and its reliability efforts to maintain the
operational integrity of its fossil-fueled and renewable resources throughout the 2015—
2029 planning period. Part 1 also provides a description of each of these resources.

o Part 2 provides a summary of the Company’s power sales and purchases used to meet
short and long-term load and capability needs.

e Part 3 summarizes Minnesota Power’s small power production, and provides updated
descriptions of existing distributed generation (“DG”) projects.

Part 1: Fossil, Natural Gas and Renewable

Minnesota Power’s Generation Operations mission is to operate, maintain and manage its
generation assets in a manner that meets customer expectations, protects people and the
environment, and provides a fair return for Minnesota Power shareholders. This mission is the
driving force behind maintaining the operational integrity of Minnesota Power’s generation
resources and is supported by a robust reliability effort. Minnesota Power’s reliability efforts are
comprehensive and system-wide.

Reliability Focus

Electric generating units serve a duty cycle that reflects their design and the power market
demands for economic dispatch: base load, intermediate load and peak load. Preserving the
usefulness of these assets requires capital investment and maintenance expenditures to sustain
the unit's economic viability, availability and reliability for the duty cycle it is dispatched to serve.
Minnesota Power generating units have traditionally served a base load mission due to the large
component of around-the-clock industrial service in its customer base. Over time, that mission
has changed slightly with the large build-out of variable wind generation now in service and
planned for the future across the Midcontinent Independent System Operator (“MISQO”) and
within the Minnesota Power system.

The combination of the variable nature of the wind coupled with low operating cost creates
a potential need to back off dispatchable generation during times when wind generation is high
and market demands are low. The degree of impact to base load resources depends upon how
much wind energy is being generated and system demand. Currently, the impact of wind can be
handled by backing down fossil-fuel units to lower loads, but as the wind fleet expands in the
future there will be times when dispatchable units will need to be taken off-line to make room for
wind generation whenever a dispatchable unit is already at minimum loads and system
conditions dictate. Increasing the amount of on/off cycling of generating units will change the
maintenance strategy as a result of the stresses created and the wear and tear of starting and
stopping equipment. As noted, both operating modes require maintenance to ensure that the
generating units are available to meet customer demands.
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The Company continues to evolve maintenance programs to address impacts to generating
unit operation, reliability, and maintenance costs inherent in operating in an increasingly volatile
market. Minnesota Power continues to focus on reliability, while maintaining compliance with all
pertinent regulations.

Minnesota Power’s Reliability Efforts consist of the following elements:

Employee Training

Minnesota Power provides ongoing training to meet and exceed State of Minnesota boiler
licensure coverage at all locations. Further, it provides specific system training when operational
and maintenance criteria change as a result of policy changes, equipment replacement and/or
control modifications. Through recent apprentice and training efforts, the majority of all
generation job functions are shaped through State of Minnesota Department of Labor and
Industry indentured apprenticeships. In addition, the Company has completed two waves of
advanced reliability training, reaching 60 maintenance leaders in the organization to shape work
practices, ground expectations, and enhance technical knowledge of major equipment. These
lessons are focused on best practices in the industry.

To ensure safe, efficient operations and maintenance of Minnesota Power wind resources a
combination of formal and on-the-job training is provided to technicians. Formal training
establishes proper expectations and promotes positive work habits and practices while
enhancing employee’s technical knowledge of installed equipment. On-the-job training
constitutes the majority of employee’s development for improving needed skills for maintaining
equipment safely and reliably.

Capital Investment

Minnesota Power continues to invest in base capital and asset preservation projects to
maintain the integrity of major unit components, including turbine, generator, boiler, auxiliaries,
electrical infrastructure, control systems and pollution control equipment consistent with
specifications from original equipment manufacturers (“OEM”) and best practices learned across
industry.

Predictive Maintenance

Minnesota Power continuously expands the use of predictive maintenance techniques to
proactively respond to equipment condition trends and changes. Condition monitoring
techniques such as vibration monitoring, thermal scanning, oil tribology, precision maintenance
and ultrasonics drive good equipment life cycle and business decisions. Increasing the
frequency of inspections and automated condition monitoring of equipment are cornerstones of
the adopted operational strategy of reliability-centered principles and behaviors.

Inspections

Routine engineering, insurance carrier and state boiler inspections are made at each
generating facility. Non-destructive techniques, including dye penetration, borescope analysis,
disassembly and visual inspection, along with wall thickness testing, provide important data.
Coupled with maintenance trends and operating data, inspection results are used to make
informed decisions.

Minnesota Power’s 2015 Integrated Resource Plan Page 2
Appendix C: Existing Power Supply — Part 1



Enhanced Monitoring

Additional continuous monitoring equipment is provided to each generating unit on a
prioritized basis. Plant distributed control systems, turbine supervisory systems, instrumentation
replacement, flux probes and partial discharge equipment are frequently added to improve and
monitor equipment conditions.

Operating and Maintenance (“O&M™) Expenditures

Prudent O&M expenditures support continued operations of the generating units. This
would include, but is not limited to, periodic boiler chemical cleaning, stack cleaning and repair,
rolling ash lines, turbine valve cleaning, condenser cleaning, coal nozzle replacements and
boiler tube pad welding which are examples of maintenance work that is performed to sustain
the unit’s reliability and availability.

Internal/External Best Practices

Continued internal sharing and external scans of best operation and maintenance practices
are considered and evaluated. A number of skilled employees maintain and practice in licensed
disciplines. The organization has a long history of partnering with others in the utility sector (EEI,
EPRI, AEIC, etc.)" to better understand industry trends and ideas. Optimizing coal quality/fuel
blending system-wide, installing static exciters, and Mobotec for emission control are three
examples of internal sharing where practices have been applied to multiple sites.

Turbine Overhauls

Major turbine overhauls are scheduled every six to ten years, with actual frequency
determined by OEM recommendations, condition monitoring and operational data.

Efficiency Monitoring

A long-standing efficiency metric that remains in place for all thermal plants is heat rate. It is
used to monitor the generating unit’s efficiency on an on-going basis. Major maintenance such
as boiler chemical cleaning and turbine overhauls maintain and can improve efficiency.

! Edison Electric Institute (“EEI") provides public policy leadership, critical industry data, strategic business
intelligence, conferences and forums, and products and services. The Electric Power Research Institute,
Inc. (“EPRI") is an independent, nonprofit organization that conducts research, development and
demonstration relating to the generation, delivery and use of electricity for the benefit of the public. The
Assaciation of Edison Illuminating Companies (“AEIC”), organized in 1885, focuses its energies on finding
solutions to problems of mutual concern to electric utilities, worldwide.
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Renewable, Natural Gas, and Fossil Generation Resource Descriptions
Biomass Resources:
Cloguet Energy Center—22.8 MW (Accredited?)

Cloquet Energy Center (“CEC”) is a one turbine generator set located at the Sappi Fine
Paper North America Mill in Clogquet, Minn. It is a pressure-reducing turbine coupled to a
generator that operates between Sappi’s chemical recovery boilers fueled by woodland and
natural gas, and its paper machines. It was installed in 2001 and is owned by Minnesota Power
and operated by Sappi Fine Paper North America. The contract specifies that after 15 years of
operation, ownership of the asset will be transferred to Sappi if an extension agreement cannot
be reached. If no agreement on a contract extension is reached, the asset will be transferred to
Sappi on July 1, 2016. With the transfer, the generation that presently is part of Minnesota
Power’s generation portfolio will displace what Sappi presently purchases from Minnesota
Power. The transfer will not impact Minnesota Power’s net load or capability balance.

Hibbard Renewable Energy Center (‘HREC")—62 MW (Accredited)

Hibbard Renewable Energy Center Units 3 and 4 operate as energy resources for
Minnesota Power’s system and are located in Duluth, Minn. HREC is capable of burning wood
and wood wastes, coal and natural gas. Use of wood and wood waste fuels make much of the
energy generated by HREC a qualified renewable energy product. HREC have been providing a
portion of Minnesota Power’s regulated services and spinning reserves since 2004. HREC is
capable of and originally designed for baseload operation and supports baseload energy
generation when steaming capacity is available and energy is required for customers.

In 2008, Minnesota Power came to an agreement with the City of Duluth and NewPage to
purchase the Duluth Steam District #2 steam production assets (Boilers 3 and 4 and related
equipment) from the City and supply steam to NewPage under a long term contract. On
September 22, 2009, the Minnesota Public Utilities Commission (“Commission”) issued an
Order approving the purchase.® The assets were transferred to Minnesota Power on September
30, 2009. Since that time, capital improvements have been completed to refurbish the facility to
utility standards. The boilers continue to provide steam that drives HREC3&4 turbine generators
based on market conditions and also provide large quantities of steam to the adjacent Verso
Paper Mill (formerly NewPage) under a contract to 2024.

The current economic life of HREC extends through 2024, as summarized in Minnesota
Power’s 2014 Remaining Life Depreciation Petition.* Based on current and planned duty cycle
preservation efforts, the operational life of HREC is projected to extend through the 15-year
planning period for the 2015 Integrated Resource Plan (“2015 Plan or Plan”), and the Company
will seek to extend the current remaining life date in a future Depreciation Petition filing.

HREC boilers are fitted with electrostatic precipitators (“ESP”), a pollution control
technology that will provide continued particulate emissions control during the operational life of

2 Accredited values in Appendix C are based on UCAP Planning Year 2015-2016.
® Docket No. E015/M-08-928
* Docket No. E015/D-14-318
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the facility. HREC has increased the percentage of biomass to more than 90 percent of fuel
supply, and reduced the percentage of coal fueling for the boilers in order to comply with recent
environmental regulations (maximum-achievable control technology (“MACT”) and National
Ambient Air Quality Standard (“NAAQS”)). Capital improvements in recent years have focused
on refurbishing the existing boilers, wood handling, and ash handling systems to manage the
increased wood burn.

Plans are to continue operating HREC for renewable energy and other ancillary services,
including MISO declared emergency energy needs, regulation services, spinning reserves and
annual capacity accreditation, as well as steam sales to Verso Paper Mill.

Current O&M practices will continue with routine maintenance inspections performed and
corrective actions implemented as needed. Capital investments are continuously reviewed and
prioritized across the generating fleet, including HREC, with a goal of maintaining current
capacity in a manner that maintains reliability and availability throughout the 2015-2029
resource planning period.

Rapids Energy Center (“REC” or “Rapids”)—30.1 MW (Accredited)

Rapids, including steam and electricity generation assets, were purchased from UPM
Blandin in 2000. Assets consist of two wood-fired boilers, two natural gas-fired boilers, air
compressors, two steam turbines and two small hydroelectric turbine generator sets. The REC
is an efficient combined heat and power facility capable of burning wood, wood wastes, coal and
natural gas. The use of wood and wood waste make the energy generated from REC a
renewable energy product, which is an important part of Minnesota Power’s plans to meet its
renewable energy obligations. Since its purchase of the assets, Minnesota Power has operated
REC as a non-regulated business unit supplying steam and electric generation to the UPM
Blandin paper mill in Grand Rapids, Minn., under the terms of an agreement between Minnesota
Power and UPM Blandin.

In Minnesota Power’s 2008 rate case, the Department of Commerce — Division of Energy
Resources (“Department,” then known as the Office of Energy Security) recommended that
Rapids should be moved into Minnesota Power’s rate base. The Department argued that
Rapids is used to serve retail load and should be included in rate base. Minnesota Power
responded at the time that it would not oppose including Rapids in rate base in a future case, if
allowed to recover reasonable costs, but stated that contract amendments would be necessary
with UPM Blandin. The Commission delayed consideration of the inclusion of Rapids in rate
base, in part due to the legal considerations of ongoing contract extension discussions between
UPM Blandin and Minnesota Power. The Commission also ordered Minnesota Power to report
in its next general rate case 1) full information on the status of the UPM Blandin and Minnesota
Power arrangement, 2) schedules of rate base, revenues and expenses sufficient to properly
review for possible inclusion in rate base, and 3) arguments supporting Minnesota Power’s
position on whether Rapids should be incorporated into the rate base. These compliance
requirements were included in Minnesota Power’s 2009 general rate case and there were no
further comments regarding Rapids in that docket.
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On September 17, 2012, Minnesota Power and UPM Blandin completed negotiations of a
new electric and steam supply arrangement which makes UPM Blandin a full requirements
electric customer of Minnesota Power, facilitates the transfer of REC assets into regulated
operations, and allows for an investment in an optimization project at REC to increase
renewable generation by approximately 56,000 MWh per year. On December 19, 2012,
Minnesota Power filed petitions with the Commission to approve an amended and restated
electric service agreement with UPM Blandin.® The agreement also included the transfer of REC
assets into regulated operations that also included an additional approximately $10 million
investment in an optimization project to increase renewable generation by 56,000 MWh per
year.®

On September 25, 2013, Minnesota Power’s request to transfer REC assets into regulated
operations was heard before the Commission. The Department opposed the request on the
basis that: 1) REC was not shown to be a least-cost method for meeting the Company’s
resource needs; 2) revenues and expenses associated with the proposed shift of REC into
regulated operations are treated asymmetrically; 3) the Strategist cost analysis conducted by
the Company showed that system costs are slightly higher with the shift into regulated
operations; 4) the additional renewable energy credits produced by REC are not needed by
Minnesota Power for at least ten years; and 5) the shift of REC into regulated rate base would
increase ratepayers’ costs and shift the burden to ratepayers for future environmental clean-up
or shut down costs associated with REC. The Commission concluded that the record did not
demonstrate that it is reasonable and prudent to transfer REC to Minnesota Power’s regulated
operations at this time and that too many fundamental questions remain unanswered.

On October 9, 2013, the Commission issued an order stating that Minnesota Power’s
request to approve the transfer of the assets of Rapids from non-regulated operations to
regulated operations was not approved at the time, subject to further review. Minnesota Power
considers REC as a valuable and diverse renewable energy source for customers, which
operates in an efficient combined heat and power configuration. The Company continues to
evaluate a transition of REC to regulated operations.

Hydro Resources:
Hydro Resources —115.6 MW (Accredited — including REC)

From its earliest days, Minnesota Power has used water to generate electricity. Today,
Minnesota Power is the largest hydro energy producer in the State, with generating capability of
as much as 120 MW. The Company operates 11 hydro stations on five rivers that are part of
three main river systems in central and northern Minnesota — the Mississippi River, St. Louis
River and Kawishiwi River. Thomson Hydroelectric Station has been generating renewable
power for more than 100 years, as have the Little Falls and Sylvan stations. In addition to
maintaining dams at each hydro station, Minnesota Power also maintain six headwater storage
reservoirs. Minnesota Power operates its stations and reservoirs under eight federal licenses.
The Federal Energy Regulatory Commission (commonly known as “FERC”), oversees dam

® Docket No. E015/M-12-1348.
® Docket No. E015/M-12-1349.
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operations and safety in the United States, and FERC licenses specify operating
parameters. Hydroelectric power will continue to be an important part of Minnesota Power’s
EnergyForward strategy, and along with investments in wind, biomass and solar energy, will
help to build a cleaner and more sustainable energy future.

Minnesota Power's Hydroelectric Facilities

Hydrocelectic Generation Facilities Hydroelectic Reserveir Doms
Blanchoars 7 Grand Rapics 12 Birch Laks
2 Fonc du Lac 5 Seanlan I3 Boulder Lake
4 Krite Fals @ Sylvan 14, FishLake
4 Litte Falls 13! Thomsan 15 Eard Loks
3 Pllcger 11 Wintcn 14 Rice Loke
& 1Promns Bver | waotetacs
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The facilities include’ — Accredited (Name Plate):

Little Falls Hydroelectric Station (Project #2532)—4.0 MW (4.7 MW)
Blanchard Hydroelectric Station (Project #346)—12 MW (18 MW)
Sylvan Hydroelectric Station (Project #2454)—1.3 MW (1.8 MW)
Pillager Hydroelectric Station (Project #2663)—1.4 MW (1.8 MW)
Prairie River Hydroelectric Station (Project #2361)—0.0 MW (1.1 MW)
Grand Rapids Hydroelectric Energy Center (Project #2362)?~ 0.9 MW (2.1 MW)
St. Louis River System (Project #2360)—83.9MW (88.6 MW)

Knife Falls Hydroelectric Station—1.1 MW (2.4 MW)

Scanlon Hydroelectric Station—1.0 MW (1.6 MW)

— Thomson Hydroelectric Station—70.2 MW (72.6 MW)

Fond du Lac Hydroelectric Station—11.6 MW (12.0 MW)

Winton Hydroelectric Station (Project #469)—2.2 MW (4.0 MW)

The five facilities that have FERC licenses that expire during the 15-year planning cycle of
this Plan, representing about six percent (6.5 MW) of Minnesota Power’s hydroelectric capacity,
are as follows:

Little Falls Hydroelectric Station — FERC license expires 2023
Prairie River Hydroelectric Station — FERC license expires 2023

Grand Rapids Hydroelectric Energy Center (“REC” or “Rapids”) — FERC license expires
2023

Sylvan Hydroelectric Station — FERC license expires 2023
Pillager Hydroelectric Station — FERC license expires 2028

Minnesota Power has identified that the useful life for these units extend beyond the
planning period. Minnesota Power has completed projects and capital refurbishments at six
locations identified below. These major investments have included:

Reconstruction of Birch Lake Dam — part of Winton Hydroelectric Station, was completed
in 2014; ongoing capital refurbishments to the dam and station occur on an annual basis
as necessatry.

Prairie River Hydroelectric Station: Completed a full rebuild of the powerhouse and
turbines in 2013; ongoing capital refurbishments to the dam and station occur on an
annual basis as necessary.

! Project numbers refer to FERC license project number.
8 Grand Rapids Hydroelectric Energy Center is currently a non-regulated asset.
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e Rapids: In 2014, tuckpointing repairs of brick walls were completed on the powerhouse
and a new roof and windows were installed. Generator overhauls were completed on
Unit 4 in 2015, and are currently in progress on Unit 5. Ongoing capital refurbishments to
the dam and station occur on an annual basis as necessary.

e Fond Du Lac Hydroelectric Station: Relining of the existing penstock with new steel
piping was completed. This penstock rehabilitation, along with new unit overhaul
electrically and mechanically was completed in 2013. Ongoing capital refurbishments to
the dam and station occur on an annual basis as necessary.

¢ Sylvan Hydroelectric Station: Completed dam stabilization project in 2014; ongoing
capital refurbishments to the dam and station occur on an annual basis as necessary.

e Thomson Hydroelectric Station: On June 19 and 20, 2012, record rainfall and flooding
occurred in Duluth, Minnesota and surrounding areas. The flooding severely damaged
Minnesota Power’s St. Louis River hydroelectric system and particularly the Thomson
facility, which was forced offline due to damage to the forebay canal and flooding at the
facility. Extensive repairs at the facility included: reconstruction of the forebay canal,
electrical restoration, mechanical and general civil rehabilitation, upgrades to the water
conveyance system, and construction of additional spillway facilities at the main dam.
The repairs® enabled Thomson to resume generation of low-cost renewable energy for
Minnesota Power customers in November of 2014.

Minnesota Power will continue to assess the need for capital refurbishments to all hydro
stations, and will re-license facilities as necessary to continue to provide value to customers.
The Company will continue to assess additional efficiency projects or bolt-on additions to its
hydraulic generating fleet. All hydro assets are expected to be operated throughout the 2015—-
2029 forecast period. The useful economic operating life of Minnesota Power’s hydroelectric
facilities extends beyond the planning period for all units.*

® Thomson Project for Recovery Petition Docket No. E015/M-14-577.

ey previous Resource Plans, the hydroelectric facilities’ remaining lives have been set based on the expiration of
FERC licenses. Beginning with Minnesota Power’s 2014 Remaining Life Depreciation Petition (Docket No. E015/D-
14-318), and going forward, all hydro facilities now reflect their projected operating lives.
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Wind Resources:

Bison 1 Wind Facility (“Bison 1") — 81.8 MW (14.8 MW Accredited)

Minnesota Power’s Bison 1 is located near Center, N.D. and was put into service in two
phases during the time frame of 2010 through 2012, with the first phase consisting of sixteen
2.3 MW wind turbines and the second phase consisting of fifteen 3.0 MW wind turbines. The
2.3 MW turbines are geared units while the 3.0 MW turbines are new design direct-drive units
without a gearbox.

Minnesota Power achieves delivery of the energy and accreditation of the capacity from this
facility through its ownership of the high voltage direct current (“DC Line”") between Center, N.D.
and Duluth, Minn. The current economic life of Bison 1 extends through 2045 for the Phase 1
installation and through 2046 for the Phase 2 installation, as summarized in Minnesota Power’s
2014 Remaining Life Depreciation Petition (Docket No. E015/D-14-318).

Bison 2 Wind Facility (“Bison 2") — 105 MW (19.0 MW Accredited)

Minnesota Power’s Bison 2 is located near Center, N.D., and was put into service in 2012.
The facility consists of thirty-five 3.0 MW direct-drive wind turbines. Minnesota Power achieves
delivery of the energy and accreditation of the capacity from this facility through its ownership of
the DC Line. The current economic life of the Bison 2 will extend through 2047, as summarized
in Minnesota Power’s 2014 Remaining Life Depreciation Petition (Docket No. E015/D-14-318).

Bison 3 Wind Facility (“Bison 3") — 105 MW (19.0 MW Accredited)

Minnesota Power’s Bison 3 is located near Center, N.D., and was put into service in 2012.
The facility consists of thirty-five 3.0 MW direct-drive wind turbines. Minnesota Power achieves
delivery of the energy and accreditation of the capacity from this facility through its ownership of
the DC Line. The current economic life of the Bison 3 will extend through 2047, as summarized
in Minnesota Power’s 2014 Remaining Life Depreciation Petition (Docket No. E015/D-14-318).
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Bison 4 Wind Facility (“Bison 4”) — 204.8 MW (37 MW Accredited)

Minnesota Power’s Bison 4 is located near Center, N.D., and was put into service in 2014.
The facility consists of 64 3.2 MW direct-drive wind turbines. Minnesota Power achieves delivery
of the energy and accreditation of the capacity from this facility through its ownership of the DC
Line. The current economic life of the Bison 4 will extend through 2049, as summarized in
Minnesota Power’s 2014 Remaining Life Depreciation Petition (Docket No. E015/D-14-318).

Taconite Ridge Energy Center — 25 MW (3.6 MW Accredited)

Taconite Ridge Energy Center consists of ten 2.5 MW wind turbines located on the
Laurentian Divide in Mountain Iron, Minn., on United States Steel Corporation property. The
wind facility began operation in 2008. The current economic life of Taconite Ridge Energy
Center extends through 2043, as summarized in Minnesota Power’s 2014 Remaining Life
Depreciation Petition (Docket No. E015/D-14-318).

Natural Gas Generation Resources:
Laskin Energy Center (“Laskin” or “LEC") — 110 MW (69.5 MW Accredited*')

LEC is located in Hoyt Lakes, Minn. and now employs 13 full-time Minnesota Power
employees after the facility’s transition from coal to natural gas.

Laskin has two generating units. Laskin Energy Center Units 1 and 2 (“LEC1&2") are sister
boilers, similar in design and intended operation. The units are tangentially-fired steam
generators and were both put into service in 1953. LEC1&2 each operate with a gross
generation capability of 60 MW gross (55 MW net) with 5 MW of existing station service steam
to operate auxiliary equipment.

Originally known as the Aurora Steam Station, the facility was commissioned as a coal fired
facility in 1953 with a total station capability of 88 MW and was designed to serve the needs of
an expanding taconite industry. LEC1&2 were uprated to the present capability in 1967 through
boiler, control system, turbine, and generator upgrades.

1 Accredited capacity for LEC after the refuel is expected to increase over time to 100MW.
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In the spring of 2015 the facility was converted from coal to natural gas using the existing
tangentially-fired steam generators and auxiliary equipment.*?

Existing Emission Control Equipment

Previously, Minnesota Power completed environmental upgrades to control oxides of
nitrogen (“NOy”) emissions in addition to the sulfur dioxides (“SO,") and particulate matter (“PM”)
emissions historically controlled at the site. Following is a more detailed description of the
equipment used for emissions control at the facility.

NOx Control

In 2006 and 2007 LEC was retrofitted with low NOy burners (“LNB”) and over-fire air for NOy
control as part of Minnesota Power’s Arrowhead Regional Emissions Abatement (“AREA”),
Project resulting in NO, emissions reduction of approximately 65 percent. This technology is
still being used with natural gas conversion.

SO,, PM, and Mercury Control

LEC was initially fitted with a two-stage wet particulate scrubber in 1971 capable of both
SO, and fly ash (PM) removal. The system utilizes a two stage horizontal spray chamber for
removal of fly ash from the flue gas; some of the fly ash was recycled, increasing the alkalinity
of the spray water which results in a modest reduction (30 percent) of SO, from the flue gas.
The ash collected in this scrubber was sent to a wet ash impoundment system on site. A state-
of-the-art ash pond (Cell-E) was constructed in 2000 with a four foot vertical expansion
completed in July 2011. Also completed in July 2011 was a “first of its kind” Waste Water
Treatment Facility for mercury removal, designed to meet and exceed Great Lakes Initiatives
emission regulations. Given the conversion to natural gas the wet particulate scrubber is no
longer required and has been removed from service. The mercury control technology is still
being utilized until Cell E is dewatered.

These units have been well maintained through ongoing investments. The current
economic life of LEC will extend through 2030, as is summarized in Minnesota Power’s 2015
Remaining Life Depreciation Petition (Docket No. E015/D-15-711).

Current operation and maintenance practices will continue with routine maintenance
inspections performed and corrective actions implemented as needed. Capital investments are
continuously reviewed and prioritized across the generating fleet, including LEC, with a goal of
maintaining current capacity in a manner that maintains reliability and availability throughout the
2015-2029 resource planning period.

2 pocket No. E-015/GP-13-978.
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Fossil Generation Resources:
Boswell Energy Center (“BEC") — Units 1, 2, 3, and 4

BEC is Minnesota Power’s largest thermal facility, with a capacity of over 1,000 MW. The
facility is located in Cohasset, Minn., just west of Grand Rapids. All four units are fueled by low
mercury, low-sulfur Powder River Basin coal from Wyoming and Montana. BEC employs about
200 full-time Minnesota Power employees, and provided nearly half of the energy that
Minnesota Power generated to meet customer requirements in 2014.

Substantial investments have been made at the facility for environmental and efficiency
related improvements since 2007, with the largest investment the environmental retrofit of Unit
4, scheduled for completion in the fall of 2015.

Boswell Energy Center Units 1 and 2 (“BEC1&2") — 135 Nameplate MW (132 MW Accredited)

BEC1&2, the first two units constructed at BEC, were placed in service in 1958, and 1960,
respectively. Both units are wall-fired steam generators. BEC1&2 each operate with a
generation capability of 74 MW gross (69 MW net) with 5 MW of existing station service to
operate auxiliary equipment.

Existing Emission Control Equipment

BEC1&2 emissions are currently controlled for NO, and PM. BEC1&2 were originally
retrofitted with LNB in 1998. Minnesota Power continued to improve the emissions reduction at
BEC1&2 during the 2009-2010 timeframe with further NOy controls by installing a selective non-
catalytic reduction (*SNCR”) system. BEC1&2 also deploys a fabric filter for PM control. These
systems remove about 60 percent of the NO, and 99 percent of PM and have considerable
mercury co-benefit capture. Following is a more detailed description of the equipment used for
emissions control at BEC1&2.
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NOx Control

BEC1&2 deploys NOy reduction technologies by utilizing the Mobotec SNCR system. This
system includes a Rotamix technology and LNB with Mobotec’s patented design for over-fire air
called ROFA (Rotational-Opposed Fire Air). Within the Rotamix system, boiler injection ports
are used to deliver urea into the boiler to chemically transform NO, that is formed in the
combustion process into harmless nitrogen gas and water vapor. This boiler gas mixing system
(ROFA and Rotamix) is further increased in its effectiveness in preventing the formation of NOy
with the use of the LNB that have been in place on BEC1&2 since 1998. In combination, these
NO, controls provide, on average, approximately a 60 percent annual reduction in NOy
emissions.

LNB with over-fire air is a widely-used technology for coal-fired utility boilers aimed at
minimizing the creation of NO, in the coal combustion process. LNB/ROFA limits NO, formation
by controlling the stoichiometry and temperature profiles in each burner zone. The unique
design features LNB that create a reduced oxygen level in the combustion zone that limits fuel
NO, formation, a reduced flame temperature that limits thermal NO, formation, and/or a reduced
residence time at peak temperatures which also limits thermal NO, formation. Additionally, the
installation of LNB/ROFA significantly reduces the amount of urea required for the SNCR
technology.

PM Control

BEC1&2 currently utilizes fabric filters for control of PM in the combustion gases. Fabric
filters are also commonly referred to as baghouses, and are widely-used technology for coal-
fired utility boilers aimed at capturing particulate matter (fly ash) created in the coal combustion
process. In addition to the effective PM capture, BEC1&2 have demonstrated consistent
mercury co-benefit removal, significantly reducing mercury emissions due to uncombusted
carbon adhering to fabric filter bags like an in-situ activated carbon system. When originally
constructed, each of BEC1&2 employed a mechanical cyclone collector for PM control. These
collectors were replaced by the current, more-effective fabric filter on each unit which remove
PM and send the resulting hot, dry flue gas to the common exhaust stack for three of the
Boswell units. The hot and dry gas that exits the fabric filter is used to reheat the cooler flue gas
coming from Boswell Energy Center Unit 3 ("BEC3") as it enters a common exhaust stack. Dry
flue gas is critical because moist gas is highly corrosive to the fans, ductwork, and lining within
the exhaust stack. The PM collected in the fabric filter is collected and transferred pneumatically
to an ash pond on site or recycled for SO, control on Boswell Energy Center Unit 4 (“BEC4”) as
a part of its venturi scrubber.

BEC1&2 operate at a high load factor, providing both base load energy and ancillary
services. Ongoing investment in the units has maintained them in overall good condition. The
current economic life of BEC1&2 extends through 2024, as summarized in Minnesota Power’s
2014 Remaining Life Depreciation Petition (Docket No. E015/D-14-318). Current O&M practices
will continue with routine maintenance inspections performed and corrective actions
implemented as needed. Capital investments are continuously reviewed and prioritized across
the generating fleet, including BEC1&2, with a goal of maintaining current capacity in a manner
that maintains reliability and availability throughout the 2015—2029 resource planning period.
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Clean Coal Solutions

In addition to the pollution control equipment and advanced controls, the Boswell Units also
consume fuel amended with an additive aimed at reducing emissions of NO,, mercury, and SO,.
This additive is proprietary technology that is applied through an agreement with Clean Coal
Solutions.

Operation and maintenance practices will remain status quo with routine maintenance
inspections performed and corrective actions implemented as needed. Capital investments are
continuously reviewed and prioritized across the generating fleet, including BEC1&2, with a goal
of maintaining current capacity in a manner that maintains reliability and availability throughout
the 2015-2029 resource planning period.

BEC1&2 Natural Gas Re-fuel

As part of the 2015 Plan evaluation, refuel, retire and remission alternatives were
considered for the BEC1&2 facility. These units are located outdoors, and will have operational
challenges if they are not utilized as baseload generators. The following section identifies the
key components of a natural gas conversion or refuel for the units.

Natural Gas Supply

BEC currently has a natural gas pipeline onsite for unit startup. The onsite pipeline is 10
inches and designed for 975 psig natural gas. The 10 inch pipeline will have adequate capacity
to supply BEC1&2 combined at full load. A new onsite regulation station is required to regulate
the gas to approximately 150 psig.

Required Plant Modifications

In order to convert the unit to burn 100 percent natural gas, additional equipment will be
needed. The main components will include new low NOy burners and gas igniters. The existing
over fire air (“OFA”) ports will be utilized to further aid in NOy reduction. The existing distributed
control systems (“DCS”) is assumed to have an adequate number of input/output points for the
conversion. No additional hardware has been included for the DCS, but costs have been
included to reprogram the logic. Offsite and onsite natural gas piping and an on-site natural gas
regulating station suitably sized for boiler operation are also required.

Auxiliary Power Requirements

A converted natural gas-fired boiler will have lower auxiliary power requirements than the
existing coal-fired boiler. Auxiliary power will no longer be needed to operate the converted
unit’'s coal handling equipment, pulverizers, particulate scrubbers, sootblowers and ash handling
systems. Total auxiliary load power savings is estimated to be approximately 25 percent.

Performance

Burning natural gas will be less efficient than burning coal. Performance calculations are
based on the assumption that the boiler heat input for gas firing is the same as for coal firing.
The main impact on boiler efficiency is from hydrogen losses due to the higher hydrogen
content of the natural gas fuel. The byproduct of combusting hydrogen is water vapor, and
additional heat is needed to vaporize this water and heat it to the internal boiler temperature.
This heat is lost in the flue gas rather than absorbed in the boiler's water walls to create steam.
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On the other hand, natural gas is more efficient than coal when it comes to dry gas losses
due to less combustion air and excess air. These calculations assume that approximately 10
percent excess air is needed for proper combustion of natural gas verses 20 percent excess air
for coal. Less flue gas flow for burning natural gas equates to smaller losses for heating the flue
gas.

Considering the hydrogen losses and dry gas gains, the total net boiler efficiency for gas-
fired boilers is estimated to be two percentage points less than the existing coal-fired boilers.
While the reduced natural gas-fired boiler efficiency reduces net plant output, the reduction in
auxiliary power requirements for a gas-fired boiler increases the net plant output accordingly.
Expected performances for natural gas are shown in Table 1 along with the existing plant
performances.

Table 1: Gas Conversion Performance Comparison

Net Plant Output, kW 69,00 68,700

Net Plant Heat Rate, Btu/kWhr 10,840 10,890

Heat Input, MMBtu/hr 748 748
Conclusion

Converting the existing coal-fired units to be natural gas-fired will reduce the NOyx and SO,
emissions from the boiler. It is a relatively low capital cost option that can be retrofitted with
minimal equipment. Because these units are located outdoors there will be operational and
availability challenges for these units as a result of their reduced utilization associated with
converting these units to natural gas peaking operation, especially during the winter months.

Boswell Energy Center Unit 3 — 355 Nameplate MW (346 MW Accredited)

BECS3 is the third unit constructed at BEC and was placed in service in 1973. The unitis a
tangentially-fired steam generator. In 2009, Minnesota Power replaced the original turbine with
a more efficient design that is able to operate at 389 MW gross capability and 360 MW net
output without increasing the steam flow or consuming additional fuel.

In combination with the turbine efficiency upgrade at the station, a major environmental
upgrade was completed at BEC3 in 2009 to meet state and federal environmental requirements.
Following the retrofit, the facility now employs LNB, over-fire air, and a selective catalytic
reduction (“SCR”) system for NO, control, a spray tower absorber which is also commonly
referred to as wet flue gas desulfurization (“WFGD”) for SO, control, and an activated carbon
injection system and fabric filter for mercury and PM control. The turbine upgrade completed in
2009 resulted in the additional 25 MW of unit capability, which not only offset the additional
station service power required to run the new environmental control equipment, but added an
additional 10 MW to the unit net capability from its historical level of 352 MW.
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BECS3 operates at a high load factor, providing base load energy in the Minnesota Power
system. The current economic life of BEC3 extends through 2034, as summarized in Minnesota
Power’s 2014 Remaining Life Depreciation Petition (Docket No. E015/D-14-318).

Existing Emission Control Equipment

As described above, BEC3 underwent a complete environmental retrofit during the period
of 2007 to 2009, installing the most state-of-the-art emission control equipment available. Actual
emission reductions from these investments include an 87 percent reduction in NOy, 98 percent
reduction in SO,, 94 percent reduction in PM, and 90 percent reduction in mercury. The project
was nationally recognized by industry publications such as Power magazine for its successful
design, implementation, and level of emissions control. Following is a more detailed description
of the equipment used for emissions control at BECS3.

NOx Control

BEC3 deploys new NOy reduction technologies by utilizing a SCR system. In this system, a
reactor is utilized to remove the NO, from the flue gas with the use of ammonia as a reducing
agent. The boiler flue gas enters the reactor, where ammonia, in conjunction with a specialized
catalyst chemically transforms NOthat is formed in the combustion process into nitrogen gas
and water vapor. SCR is “selective” in that it predominantly affects the oxides of nitrogen.

In addition to the SCR reactor, BEC3 also utilizes special designs of both LNB and over-fire
air for NOy control similar to the other BEC units. BEC3's LNB and over-fire air technology
encompass a low NO, concentric firing system which maximizes the NO reduction capabilities
of the existing tangential firing systems in the boiler and a separated over-fire air windbox which
works with the firing system to stage and separate the air and fuel mixture properly for
maximum NO, reduction.

SO, Control

BEC3 currently utilizes a WFGD unit for SO, control. WFGD is a widely-used technology for
coal-fired utility boilers aimed at removing acid gases created in the coal combustion process.
WFGD eliminates SO,, hydrochloric acid, hydrofluoric acid, and to some extent, sulfur trioxide
through direct contact with the sorbent, an aqueous, finely ground limestone slurry which is
sprayed into the rising flue gas in the vessel and collected at the bottom of the vessel after it has
chemically transformed the acid gas into the material gypsum.

PM and Mercury Control

BECS currently utilizes a fabric filter for control of PM in the combustion gases. In the
distinctive design of the environmental control system at BECS3, the fabric filter also helps
control mercury emissions through capture of a powdered activated carbon (“PAC”) sorbent
which is injected into the ductwork upstream of the fabric filter to react with, and capture the
mercury in the flue gas.
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Clean Coal Solutions

In addition to the pollution control equipment and advanced controls, the Boswell Units also
consume fuel amended with an additive aimed at reducing emissions of NO,, mercury, and SO,.
This additive is proprietary technology that is applied through an agreement with Clean Coal
Solutions.

Operation and maintenance practices will remain status quo with routine maintenance
inspections performed and corrective actions implemented as needed. Capital investments are
continuously reviewed and prioritized across the generating fleet, including BEC3, with a goal of
maintaining current capacity in a manner that maintains reliability and availability throughout the
2015-2029 resource planning period.

Boswell Energy Center Unit 4 — 585 Nameplate MW (446 MW Minnesota Power/ 112 MW
WPPI Accredited)

BEC4 was the final unit constructed at BEC and was placed in service in 1980. The unit is
a tangentially-fired steam generator and has been wet-scrubbed since being placed into service.
In 2010, Minnesota Power replaced the original turbine with a more efficient design that is able
to operate at over 635 MW gross capability and 585 MW net capability, without increasing the
steam flow or consuming additional fuel. In essence, the Company added 50 MW of zero-
emission, dispatchable, capacity and energy as a result of this efficiency improvement project.

BEC4 operates at a high load factor, providing base load energy in the Minnesota Power
system. WPPI Energy (formerly Wisconsin Public Power, Inc.) jointly owns BEC4 with
Minnesota Power with a 20 percent ownership. The current economic life of BEC4 extends
through 2035, as summarized in Minnesota Power’s 2014 Remaining Life Depreciation Petition
(Docket No. E015/D-14-318).

Existing Emission Control Equipment

BEC4 was originally constructed with first generation LNB and close-coupled over-fire air,
and a then state-of-the-art wet spray tower absorber/particulate removal system. This system
removes more than 85 percent of the SO, and over 97.5 percent of PM. Investments made in
emission reduction technology over the past few years have resulted in continued
improvements in emission reduction at BEC4. Following is a more detailed description of the
equipment used for emissions control at BEC4.

NOx Control

BEC4 deploys new NOy reduction technologies by utilizing the Mobotec SNCR system.
Similar to that installed on BEC1&2, this system includes a Rotamix technology, and LNB with
over-fire air (“LNB/OFA”). Within the Rotamix system for BEC4, fourteen boiler injection ports
are used to deliver urea into the boiler to chemically transform NO, that is formed in the
combustion process into harmless nitrogen gas and water vapor. In 2010, the Company further
increased its effectiveness in preventing the formation of NO, with the replacement of the first
generation LNB with new, state-of-the-art, LNB and separated over-fire air technology. In
combination, these NOy controls provide an approximately 55 percent annual reduction in NOy
emissions. More recently, Minnesota Power has installed combustion optimization neural
network systems to further optimize emission reduction performance.
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SO,, PM and Mercury Control

BEC4 is completing construction of a new Circulating Dry Scrubber (“CDS”) to replace the
existing WFGD for SO, removal and the wet venture scrubber for PM control. This new CDS will
also control mercury emissions through a PAC injection system and fabric filter for mercury
capture.

A CDS is a type of semi-dry flue gas desulfurization system. In a CDS system, flue gas
enters a vertical reactor tower before exiting to a fabric filter where additional emission capture
and collection takes place. Flue gas enters at the base of the vertical reactor tower and flows
upward through what is called a “venturi,” mixing with the fluidized bed which is comprised of a
mixture of dry lime and fly ash. The intensive gas-solid mixing occurring at this point in the CDS
process promotes reaction of sulfur oxides in the flue gas with the dry lime particles. Water is
introduced separately above the venturi section for flue gas humidification to enhance the
reactivity of the lime and physical absorption for more effective SO, removal. PAC is injected
into the vertical reactor tower for the purpose of capturing mercury and is collected along with
the PM in the fabric filter. Introducing the PAC prior to the flue gas entering the fabric filter
allows for the necessary reaction time to maximize mercury removal.

Figure 1: CDS Flow Process Diagram
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Powdered Activated Carbon

PAC systems are a proven power plant mercury reduction technology that are able to
achieve very high removal efficiencies (i.e. 90 percent). PAC is used to remove mercury from
the flue gas. The injected carbon compound adsorbs the vaporized mercury from the flue gas
and combines the mercury with carbon and fly ash particulate. The particulates are then
captured by a fabric filter.

Minnesota Power expects it will achieve an approximately 90 percent mercury removal at
BECA4 using PAC in combination with a fabric filter and that this use of multiple emission control
technologies to reduce mercury is consistent with the intent of Minn. Stat. § 216B.682, subd.
3(a) to "demonstrate that Minnesota Power has considered achieving the mercury emissions
reduction required...through multiple pollutant control technology.” The Fabric Filter section
provides additional detail on expected mercury emission reduction.

Fabric Filter (Alstom NID Technology)

The fabric filter, also commonly referred to as a “bag house,” is integral in optimizing
mercury removal. When used in combination with PAC, a fabric filter is the most effective
mechanism for capturing mercury. The fly ash and PAC form a cake on the filter bags. The
mercury particles in the flue gas are forced to pass through the caked bags to exit the stack.
This provides the necessary residence time for the PAC to contact the mercury particles. The
mercury particles adhere to the fly ash and PAC matter instead of exiting the stack.

Fabric filters use fiberglass or other fabric bag materials to collect total filterable PM, fly ash
and mercury-laden carbon. The unique concept of combining use of the fabric filter with a CDS
system is that a portion of the fly ash is recirculated to an absorber tower to assist in SO,
removal. As the filters continue to collect additional fly ash, a portion is sent to storage/disposal.
The system operates with a controlled loading of fly ash to optimize its performance.

Byproduct Ash Handling System (“Ash System™)

Conversion of BEC4 to a CDS system will change the way waste fly ash is currently
managed in the existing Boswell ash disposal system. The BEC4 dry fly ash will be transported
pneumatically from the BEC4 CDS to a newly constructed BEC4 fly ash silo, then transported to
the ash disposal area via truck for deposition with dry coal combustion residuals (“CCRs”) from
Units 1, 2, and 3. Additional handling and storage capability to the Unit 1, 2, & 3 ash disposal
infrastructure, which is currently designed to accommodate dry fly ash from Boswell Units 1, 2,
and 3, is necessary to accommodate the increased volume of fly ash generated by the BEC4
CDS. The necessary upgrades include expansion of the bottom ash foundation base layer in the
pond disposal area, larger final cover construction projects, an increased storm water
sedimentation pond, access ramp and haul road improvements, and additional equipment to
transport and store the additional fly ash.

Conversion to dry handling also effectively positions BEC4 to accommodate upcoming
regulatory changes associated with both the CCR and Effluent Limit Guidelines of
Environmental Protection Agency (“EPA”) rulemakings. Additionally, the CDS system is a net
consumer of water/wastewater, which will result in reduced wastewater discharge for BEC4.
This water-consumptive property has obvious benefits in a regulatory future where stringent

Minnesota Power’s 2015 Integrated Resource Plan Page 20
Appendix C: Existing Power Supply — Part 1



metals- or salts-based limits for wastewater discharges will otherwise require additional capital
and O&M investments in the future. Additionally, internal wastewater recycling and consumption
will benefit other Boswell Units, which may be able to divert wastewater streams to a

retrofitted BEC4 instead of treating and discharging it.

Clean Coal Solutions

In addition to the pollution control equipment and advanced controls, the Boswell Units also
consume fuel amended with an additive aimed at reducing emissions of NO,, mercury and SO,.
This additive is proprietary technology that is applied through an agreement with Clean Coal
Solutions.

Current operation and maintenance practices will continue with routine maintenance
inspections performed and corrective actions implemented as needed. Capital investments are
continuously reviewed and prioritized across the generating fleet, including BEC4, with a goal of
maintaining current capacity in a manner that maintains reliability and availability throughout the
2015-2029 resource planning period.

Square Butte's Milton R Young 2—455 MW Nameplate (90 MW Minnesota Power
Accredited)

Milton R. Young 2 (“*Young 2") lignite coal generating station in North Dakota operates as
base load. Young 2 is owned by Square Butte Cooperative (“Square Butte”), managed by
Minnkota Power Cooperative (“Minnkota”) and provides energy sales to Minnesota Power and
Minnkota. Minnesota Power’s energy is transmitted via the DC Line running between the
Square Butte Substation in Center, N.D. and Minnesota Power’s Arrowhead Substation near
Duluth, Minn. via the alternate current (“AC”) transmission system. Minnkota’s share is routed
on its new 345KV Center, N.D. to Grand Forks, N.D. transmission line. Minnesota Power
transmission system personnel have operated and maintained the DC Line since it was
commissioned in May 1977. Beginning in 2006, Minnkota could exercise an option to reduce
Minnesota Power’s entitlement by approximately five percent annually, down to a 50 percent
share. Minnkota exercised all available options and, as of January 1, 2009, both Minnkota and
Minnesota Power are limited to 50 percent of Young 2 generation, or approximately 227.5 MW
each.

In 2009, in a major move to accelerate Minnesota Power’s strategy of reducing carbon
emissions and expanding renewable wind energy development, Minnesota Power obtained
Commission approval to purchase the DC Line and phase out of the long-term contract to buy
coal-based electricity from Square Butte (Docket No. E015/PA-09-526).

Electricity generated at Young 2 is presently shared by Minnesota Power and Minnkota.
Since 2014, Minnesota Power has been gradually reducing its 227.5 MW entitlement at Young
2, and by 2026 Minnesota Power will no longer take any of the Young 2 output for its customers.
The expected gradual reduction of output taken by Minnesota Power from Young 2 is shown in
Figure 1.
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Figure 2: Minnesota Power's share of Young 2 Phase-out: 2015-2026
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As operating agent, Minnkota is responsible for the operation and maintenance of Young 2.
Minnesota Power’s oversight through active participation on the operating committee ensures
appropriate capital and O&M investments are being made to maintain long-term sustainability of
the asset. Part of that effort includes upgrading the SO, and NO, environmental controls.
Enhanced SO, scrubbing equipment was installed in the 2010 timeframe and for NO,, over-fire
air was installed in 2007 and a SNCR system was installed in the 2010 time frame. It is
anticipated that Young 2 will continue to provide base load generation to Minnesota Power
through the majority of the 2015-2029 resource planning period, with the reductions as noted in
the Figure 2.

Taconite Harbor Energy Center (“THEC™ —225 MW Summer (139 MW Accredited)

THEC is located near Schroeder, Minn., on the North Shore of Lake Superior, and has a
generation capability of 225 MW. THEC employs approximately 40 full-time Minnesota Power
employees.

g~
Fep— © e

Minnesota Power’s 2015 Integrated Resource Plan Page 22
Appendix C: Existing Power Supply — Part 1



THEC was purchased from bankrupt LTV Steel Mining Co. in 2001. The three units at
THEC are 75 MW tangentially-fired steam generators and were put into service in 1957, 1957,
and 1967, respectively. These units each operate with a gross generation capability of 79 MW
gross (75 MW net) with 4 MW of existing station service steam to operate auxiliary equipment.

Significant investments were made as the units were restarted in 2002 to improve unit
availability allowing them to support Minnesota Power’s retail load. The current economic life of
THEC extends through 2026, as summarized in Minnesota Power's 2014 Remaining Life
Depreciation Petition (Docket No. EQ15/D-14-318).

The THEC units again received significant investment during 2006 to 2008 as part of
Minnesota Power’s Arrowhead Regional Emission Abatement Plan (“AREA”). Two of the three
units were fitted with the Mobotec multi-emission control technology designed to deliver a 62
percent reduction in NOx emissions, a 65 percent reduction in SO, emissions and up to a 90
percent reduction in mercury emissions.

Taconite Harbor Energy Center Unit 3 ("THEC3”) ceased coal-fired operations in 2015 due
to the Mercury and Air Toxics Standard (“MATS”) regulation taking effect on April 15, 2015. The
unit has been retired in place while refueling or re-missioning options are being explored. Any
future operation of the unit would use an alternate fuel source other than coal or fuel oil. The
THECS retirement reduces the available THEC generation capacity to 150MW’s.

Existing Emission Control Equipment

THEC emissions are currently well controlled on two of the three units and partially
controlled on the third unit. From 2006 — 2008, as a part of Minnesota Power’'s AREA
environmental retrofit project, the company completed significant environmental upgrades on
Taconite Harbor Energy Center Units 1 and 2 (“THEC1&2") to control NO,, SO,, PM and
mercury emissions. These two units are compliant with MATS and able to generate power for
customers. Original equipment for PM control is still in place at THECS3.

The AREA environmental retrofit at THEC1&2 resulted in NO, emissions reduction of
approximately 60 percent, SO, reductions of approximately 45 percent (from controls and new
low-sulfur coal supply), and mercury reductions of up to 90 percent. Following is a more detailed
description of the equipment used for emissions control at THEC.

NOx Control

In 2007 and 2008, THEC1&2 were retrofitted with the Mobotec Multi-pollutant control
system for control of NO,, SO,, and mercury. NOy is controlled through the use of the Mobotec
SNCR process and ROFA technology. Similar to BEC1&2, and 4, within the Rotamix system,
boiler injection ports are used to deliver urea into the boiler to chemically transform NOy that is
formed in the combustion process into harmless nitrogen gas and water vapor. This system,
when combined with the ROFA boiler gas mixing system, has resulted in NO, emissions
reduction of approximately 60 percent.

SO, Control

The Mobotec Multi-pollutant control system also controls SO, on THEC1&2 through the
injection of hydrated lime in the boiler during the combustion process. This hydrated lime
chemically reacts with the SO, similar to the reaction in a WFGD described in the BEC3 SO,
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control section, removing the acid gases formed during the coal combustion process. The ash
product created after this reaction is captured by the PM control devices detailed below.

In 2014 a Direct Sorbent Injection system (“DSI”) was installed on THEC1&2 to meet the
emerging Mercury Air Toxic Standards. The system injects sodium bicarbonate (“SBC”) into the
flue gas stream ahead of the electrostatic precipitator (“ESP”) to further reduce SO, emissions
and hydrochloride emissions. The ash product created after this reaction is captured by the PM
control devices detailed below.

Mercury Control

The Mobotec Multi-pollutant control system also currently controls mercury on THEC1&2
using a PAC injection system upstream of the ESP. This mercury capture sorbent is then
captured by the PM control devices detailed below.

PM Control

THEC1&2 both had original hot-side ESPs used for PM control which were retrofitted during
the environmental upgrades to more efficient cold-side ESPs for PM control and removal of the
ash and sorbents used for SO, and mercury control in the system. THEC3 also utilizes an
original hot-side ESP for PM control. The ash collected from THEC is sent to an ash landfill on
site.

A simplified diagram of the Mobotec process and control on THEC1&2 is shown in Figure 3.
The ROFA fan and urea systems are used for NOy control. The limestone silo, along with a new
SBC silo and associated injection systems are used for SO, control.

Figure 3: Mobotec Diagram for THEC1&2
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THEC utilizes a dry-ash landfill for disposal of ash from the facility. The residual-ash
generated from the coal combustion process in the boilers is deposited into a permitted landfill
facility approximately three miles north of the facility.

Ongoing investment in these units has maintained them in good overall condition. The
current economic life of THEC extends through 2026, as summarized in Minnesota Power’s
2014 Remaining Life Depreciation Petition (Docket No. E015/D-14-318).
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Minnesota Power anticipates that with current and planned preservation efforts, the
operational life of THEC could extend through the 15-year planning period for this Plan. As
identified in the 2015 Plan, the fuel source will need to be addressed by 2020 to address market
conditions and pending Clean Power Plan (“CPP”) compliance requirements.

THEC Biomass Conversion Options

Converting coal fired power plants to burning biomass brings many positive benefits
including the utilization of existing power plant sites, electrical substations and generating
equipment, a reduction in several air pollutants, the ability to beneficially re-use the generated
ash and local economic benefits from retaining power plant jobs and adding fuel harvest and
processing jobs. There are three technically proven methods to convert coal plants to burn
biomass: stoker conversion, pellet conversion and advanced biomass conversion. Depending
on what method is chosen, there are wide variations in capital costs, performance, fuel variety
and fuel costs.

Boiler Conversion for Raw Biomass

The current boilers at THEC are combustion engineering tangential-fired designed for
pulverized coal being fired in suspension within the boiler. In order to burn raw biomass fuel, the
suspension firing system needs to be replaced with one that has the ability to burn larger sized
fuel upon a grate. This conversion is the most technically challenging, and has the highest
capital cost requirement. Physically this project involves removal of the lower portion of the
boiler firebox and replacement with traveling or vibratory stoker grates, along with the addition of
many additional supporting systems including fuel handling, over and under fired air, ash and
char collection and potentially pollution control modifications.

Minnesota Power has completed this type of conversion at HREC in the 1980s. Boilers 3
and 4 at HREC provide process steam to the Verso Paper Mill in Duluth, Minn. and generate
power for Minnesota Power’s customers. The heat input of the boiler would be expected to
decrease due to the limited cross sectional area of the boiler furnace section available for firing
and boiler geometry not being optimal for heat transfer when firing high moisture biomass. The
efficiency of the boiler could also decrease due to less precise control over combustion
variables, increased air leakage, higher fan requirements.

A grate-fired boiler is able to burn a wide variety of solid fuels including coal, raw biomass,
sludge, construction waste, municipal solid waste, pellets and advanced biomass. It does have
limitations as to the quantity of finely sized particles it is able to burn such as sawdust or coal
fines. The ability of this type of boiler to interchange fuels allows for substitution or the lowest
fuel cost available. Additional study would be required to understand the availability and cost of
wood supply in the area, and how much electric generation it would be able to sustainably
support.

Boiler Conversion for Pelleted Biomass

Firing 100 percent pelletized fuel requires major modifications and new construction to the
fuel handling and storage systems to account for the increased risk of fire and explosions
related to pelletized biomass. Pelletized fuel is not able to be stored outside and would require
indoor storage. There would need to be modifications to the pulverizers to perform the much
different function of breaking up a fibrous pellet versus grinding the friable coal, and to control
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auto-ignition. The firing system would need to be modified to account for the different
combustion parameters of wood fiber. Additional modifications of heat transfer surfaces may
need to be modified depending on expected and required performance.

It is possible to burn lesser quantities of wood pellets without major modifications through a
process known as co-firing, in which pellets are added to the coal supply or crushed and added
directly to the boiler. Co-firing rates of up to 5 -10 percent are likely possible without major
moadifications. There are several examples of conversion utilizing pelletized fuel including the
Drax Station in the United Kingdom and Ontario Power Generation’s Atikokan station in
Northwest Ontario.

To estimate the performance of a boiler converted to run on wood pellets, a detailed
modeling will need to be performed to fully understand limitations and expected efficiencies.
However, since biomass burns at different rates, contains less energy and produces flue gas
with different heat transfer properties, it is likely that both the output and efficiency of the units
will decrease below that of its current capabilities firing coal.

Performance modeling of the boilers and precipitators would be required to understand the
NO, and particulate emissions, but the pellet fuel would be expected to be very low in sulfur,
mercury and trace metals.

Industrial wood pellets are manufactured by separating clean wood from bark, reducing the
wood to a small particle size, drying and forming into a pellet. A boiler modified to burn 100
percent wood pellets will not retain its ability to fire other fuels such as coal without reversing the
modifications to the pulverizer and firing systems. Wood pellets are a globally traded
commodity, and much of the ship unloading system located at THEC could be utilized to accept
shipments from self-unloading ships.

Boiler Conversion for Advanced Biomass

Advanced biomass utilizes production processes such as torrefaction and steam explosion
seek to mimic the friable nature and hydrophobic properties that make coal a desirable power
generating fuel. In theory, no modifications are required to burn advanced biomass in a
pulverized coal boiler, but in practice, modifications to fuel handling are recommended to
improve the safety of transfer operations. Combustion optimization is required to adjust for
different fuel constituents and pollution control devices need to be carefully studied and
potentially modified.

Advanced biomass processing is controlled to create a product similar to coal in terms of
energy content, therefore it is anticipated that boiler capacity efficiency losses would be modest.
There has been several full scale firing tests of advanced biomass that would indicate positive
results, but due to the wide variety of boiler designs and fuel variation, combustion modeling or
testing must be performed to verify the expected performance of an individual boiler.

There are only a few examples of generating facilities undergoing this specific type of
conversion including Ontario Power Generation’s Thunder Bay Generating Station. Several
other facilities are undergoing pilot testing to determine the suitability of this fuel source.
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Conclusion

Advanced biomass has been technologically proven at several power plants globally
through pilot scale test firing, but the supply chain for advanced biomass is not as mature as
industrial wood pellets, and most suppliers have not yet achieved commercial scale quantities
for extended periods of time. Major questions still remain as to the long term ability of advanced
pellets to survive material transfer and storage without disintegration, and whether a commercial
marketplace for materials will ever be developed.

THEC Natural Gas Conversion Options

There are several conversion options for coal fired power plants that involve using alternate
fuel sources, including natural gas and propane. Benefits include the utilization of existing power
plant sites, electrical substations and generating equipment, as well as a reduction in several air
pollutants. Re-fueling would also have local economic benefits from retaining power plant jobs
and adding fuel transit and processing jobs. Four refuel options are considered below, including
natural gas by pipeline, liquefied natural gas, compressed natural gas and propane. Depending
on what method is chosen, there are wide variations in capital costs, performance, fuel transport
options and fuel costs.

Performance

Burning natural gas will be less efficient than burning coal. The main impact on boiler
efficiency is from hydrogen losses due to the higher hydrogen content of the natural gas fuel.
The byproduct of combusting hydrogen is water vapor, and additional heat is needed to
vaporize this water and heat it to the internal boiler temperature. This heat is lost in the flue gas
rather than absorbed in the boiler's water walls to create steam.

Burning propane will be more efficient than burning coal. The propane has higher hydrogen
content than coal but this is offset by the much higher heating value of about 2,500 Btu/cuft
compared to natural gas at 1,000 Btu/cuft. Firing propane will most likely decrease the steam
turbine heat rate, due to less reheat spray flow, since propane releases more energy in the
furnace walls than the back-pass. Steam turbine heat rate is assumed to improve by
approximately 0.5 percent.

Burning natural gas or propane is more efficient than coal when it comes to dry gas losses
due to less combustion air and excess air. These calculations assume that approximately 10
percent excess air is needed for proper combustion of natural gas or propane verses 20 percent
excess air for coal. Less flue gas flow for burning natural or propane gas equates to smaller
losses for heating the flue gas.

A converted natural gas-fired or propane-fired boiler will have lower auxiliary power
requirements than the existing coal-fired boiler. Auxiliary power will no longer be needed to
operate the converted unit’s coal handling equipment, pulverizers, ESP, sootblowers, ash
handling systems, and other miscellaneous systems. Total auxiliary load power savings is
estimated to be approximately 25 percent.

Fuel Storage and Supply

THEC currently has no natural gas or propane supply onsite or nearby. Northern Natural
has a 16 inch pipe line approximately 27 miles from THEC. TransCanada has a large capacity
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pipe line approximately 100 miles south of THEC. The Northern Natural pipe line is the closest
but may require upgrades to supply gas to THEC. Excluding any upgrades, extending the
Northern Natural pipeline would cost approximately $25 million. Extending the TransCanada
pipeline would cost approximately $85 million.

Propane or compressed natural gas would be delivered to the site by truck and stored
onsite in pressure vessels. Propane and compressed natural gas would also require a
vaporizer. Even though each unit is only 75 MW, a large amount of propane or compressed
natural gas would have to be stored onsite. Due to the large quantity, a 90,000 gallon horizontal
cylindrical tank is assumed. For 5 days of storage for two units, a total of 24 storage tanks would
be necessary. In order to fill the tanks, assuming a 10,000 gallon tanker, would require
approximately 44 trucks per day.

Required Plant Modifications

In order to convert the unit to burn 100 percent natural gas, additional equipment will be
needed for the boiler. The main components will include new gas nozzles and gas igniters. The
existing DCS is assumed to have an adequate number of input/output points for the conversion.
No additional hardware has been included for the DCS, but costs have been included to
reprogram the logic.

Operation and Maintenance Costs

Operating the units with natural gas will have a significant impact on the O&M costs for the
facility. It is expected that the staffing can be reduced significantly as the gas-fired unit will no
longer require coal and ash handling. Estimate for total staff of 25 personnel for propane
operation and 31 personnel for Liquefied Natural Gas (* LNG”) operation of THEC1&2. Staffing
level could change depending on how the operations of the unit. Further, routine maintenance
and variable O&M costs should be reduced. Existing equipment not required for natural gas-
fired operation will no longer require maintenance. Also, major boiler maintenance will be
significantly reduced due to the lack of erosion issues from burning natural gas. In addition,
bottom ash and fly ash handling will no longer be necessary.

Conclusion

Converting the existing coal-fired unit to natural gas-fired will reduce the NOyx and SO,
emissions from the boiler. Depending on the fuel supply option at the plant, capital costs can
vary greatly however the higher capital cost option has the lowest fuel price. Depending on how
often the unit is operated, the lower fuel cost can make up for higher capital costs very quickly.
Also, there is a lot of uncertainty regarding the LNG option. Ship size and procurement and LNG
source will have a large impact on capital and fuel cost. Propane will require a large amount of
onsite storage and it may be difficult to find a propane company that can supply enough
propane. Compressed natural gas will require a large amount of onsite storage and would
require the installation of compressed natural gas processing station on either the TransCanada
or Northern Natural pipelines located miles to the south of the station; however, this would be
the most practical choice of these refuel options at the time of this filing.

Minnesota Power’s 2015 Integrated Resource Plan Page 28
Appendix C: Existing Power Supply — Part 1



Heat Rate and Efficiency Improvements

Maintaining and improving efficiency of the energy centers is a complex and important
aspect of operating in a manner to minimize fuel consumption. Efficiency of an energy center is
expressed as heat rate, which is the number of British thermal units (“BTU”) required to produce
a kWh of electricity. A higher efficiency is the same as a lower heat rate. As each energy center
ages, more and more effort is required to simply maintain the efficiency as the equipment
wears. Considerable and continuous effort is expended in both maintaining the equipment to
operate as efficiently as possible, and to leverage improving technology when it makes
economic sense. Similar efforts are spent in maintaining and improving instrumentation for
tracking heat rate and the ability to monitor systems as monitoring and trending technology
advances. Each business unit measures the fuel burned and power produced and records the
heat rate of the overall unit energy conversion cycles within the boiler and turbine. Individual
systems are monitored to determine specific contributions to heat rate, requiring substantial
instrumentation for this specific purpose.

Many factors impact the heat rate of each unit. These include, but are not limited to,
weather conditions, load levels and fuel quality. Heat rate impact of some systems are longer-
term in nature, such as turbine efficiency between stationary and rotating elements or other
major equipment condition such as turbine condensers, auxiliary power utilization and large fans
and motors. Maintenance of this equipment requires periodic, extended shutdowns the duration
of which is dependent upon equipment condition, original manufacturer requirements and
overall engineering assessments and judgment.

Larger units use a performance monitoring system that checks the operation of the energy
center on a continuous basis. This system tracks operating data of all the equipment in the
energy center and compares it to its expected operation. If equipment is not operating as
expected, operators are alerted to the discrepancy. Sometimes this can be immediately
corrected and other times it requires completely rebuilding, or even replacing, equipment. In all
cases, an evaluation must balance the cost of repair against the cost of the efficiency reduction,
impacts on reliability, safety and environmental considerations. This system also provides
information to the energy center operations personnel to allow them to balance impacts and
operate in the most efficient manner. The system is used to help determine when and where to
clean the boiler, balance steam temperatures, as well as optimize boiler air flow, turbine steam
flow, and balance-of-plant equipment operations. Following are representative heat rates from
Minnesota Power’s thermal energy centers.

Table 2: Heat Rate (BTU/kWh) of Largest Thermal Energy Centers

Net Heat Rate 11,300 ‘ 12,400 ‘ 10,500 ‘
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Long-term Resource Operational Integrity

Minnesota Power plans to continue fleet maintenance programs to sustain the economic
viability, availability and reliability of its generating units. A continuing Company priority
throughout this planning period will be to carefully maintain its generation fleet to ensure
productivity and efficiency in operation. A rigorous process is in place to sustain existing
production across Minnesota Power’s wind-water-wood-coal sources of energy conversion while

maintaining an excellent environmental record and meeting more stringent environmental
standards.

Minnesota Power effectively operates its units to best serve customers and the regional
electric market. A comprehensive reliability-centered maintenance program including employee
training, inspections, capital and operating investments, and continually employing Original
Equipment Manufacturers (“OEM”) requirements and industry best practices is in place to
optimally meet customer electric needs.
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Part 2: Wholesale Power Transactions

Part 2 of Appendix C presents summary information on power sales and purchases used to
balance Minnesota Power’s load and capability with particular emphasis on using power
purchases to meet small to modest short-term capacity needs. Load serving entities within
MISO must provide resource plans each year that show they have enough planning reserve
capacity available to meet their resource adequacy requirements. This section provides
information on committed transactions, a current transaction summary and a list of planned
transactions.

Committed Transactions

Minnesota Power has several committed and continuing wholesale capacity transactions
reflected in its load and capability. The capacity purchases and sales are characterized as
energy only (participation transaction), capacity only (firm transaction), or capacity and energy
(firm transaction). The term “capacity only” refers to a purchase or sale of accredited capacity
according to accreditation processes defined by MISO. The term “energy only” refers to a
purchase or sale of power that does not include any MISO capacity accreditation value. The
term “capacity and energy” refers to a purchase or sale of power including the associated MISO
accredited capacity value.

Current Transaction Summary

Capacity and Energy Purchases

e Manitoba Hydro-Electric Board (“MHEB”)—50 MW: In December 2013, Minnesota
Power entered into an agreement with MHEB for a 50 MW purchase beginning on June
1, 2015, and continuing through May 31, 2020 (Docket No. E015/M-14-926).

¢ MHEB—250 MW: In May 2011, Minnesota Power entered into an agreement with
MHEB for a 250 MW purchase beginning on June 1, 2020, and continuing through May
31, 2035 (Docket No. E015/M-11-938).

Manitoba Hydro is currently working towards approximately 900 MW of new hydroelectric
expansion along their extensive river system in northern Manitoba. The hydroelectric additions,
as shown in Figure 1, include the Wuskwatim (200 MW (in service)), and Keeyask (695 MW)
(under construction) facilities along with a prospect for another 1500 MW that would become
available if the Conawapa facility (under investigation) were to be approved.

The long-term sales will require the construction of hydroelectric facilities in northern
Manitoba and the construction of the Great Northern Transmission Line, a major new
transmission facility between Canada and the United States. Minnesota Power is working
closely with Manitoba Hydro, MISO and associated parties on the prospective transmission
needs for this project (See Appendix F).

As noted in the January 2012 press release by both Minnesota Power and Manitoba Hydro,
this purchase is consistent with Minnesota Power’s energy strategy for carbon minimizing
resource additions and continues the strong, forward-looking and long-standing business
relationship between the companies that has existed for decades.
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Figure 4: Manitoba Hydro Expansion
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In May 2015, the Commission unanimously approved the Great Northern Transmission
Line’s certificate of need.*®

e Minnkota Power Cooperative (“MPC”)—50 MW: In January 2014, Minnesota Power
entered into an agreement with MPC for a 50 MW Firm purchase beginning January 1,
2014, and continuing through May 31, 2016.

¢ MPC—50 MW: In December 2012, Minnesota Power entered into an agreement with
Minnkota Power Cooperative for a 50 MW Firm purchase beginning June 1, 2016, and
continuing through May 31, 2020.

e Florida Power & Light (“FPL”)—50.6 MW: In May 2005, Minnesota Power entered into
an agreement with FPL for a 50.6 MW purchase from the Oliver County wind project
beginning on December 28, 2006, and continuing through December 28, 2031.

e FPL—48 MW: In December 2006, Minnesota Power entered into an agreement with
FPL for a 48 MW purchase from the Oliver County wind project beginning in December
31, 2007, and continuing through December 31, 2032.

e GRE—50 MW: In August 2014, Minnesota Power entered into an agreement with GRE
for a 50 MW purchase of capacity and energy beginning on June 1, 2016, and
continuing through May 31, 2020.

e Wing River Wind (“Wing River”) Community Based Energy Development (“C-
BED”)—2.5 MW: In April 2007, Minnesota Power entered into a power purchase
agreement with Wing River for a 2.5 MW purchase beginning in November 1, 2007, and
continuing through November 1, 2027.

Capacity Only Purchases

e Laurentian Energy Authority (“LEA”)—12.5 MW: In January 2012, Minnesota Power
entered into an agreement with LEA for up to 12.5 MW capacity purchase beginning on
January 1, 2012, and continuing through December 31, 2021.

e Great River Energy (“GRE”)—50 MW: In January 2014, Minnesota Power entered into
an agreement with GRE for a 50 MW capacity only purchase beginning on June 1, 2016,
and continuing through May 31, 2020.

e Xcel—50 MW: In December 2014, Minnesota Power entered into an agreement with
Xcel for a 50 MW capacity only purchase beginning on June 1, 2015, and continuing
through May 31, 2016.

Capacity and Energy Sales

e Basin Electric (“Basin”)—100 MW: In October 2009, Minnesota Power entered into an
agreement with Basin for a 100 MW Firm sale beginning May 1, 2010, and continuing
through April 30, 2020. Minnesota Power is relying on 100 MW of BEC capacity and
associated energy to support this transaction.

PUBLIC DOCUMENT
TRADE SECRET DATA
HAS BEEN EXCISED

3 Docket No. E-015/CN-12-1163.
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Capacity Only Sales

e Basin—50 MW: In June 2014, Minnesota Power entered into an agreement with Basin
for a 50 MW Firm capacity only sale beginning June 1, 2017, and continuing through
May 31, 2019. Minnesota Power is relying on 50 MW of Basin capacity to support this
transaction.

Energy Only Purchases

¢ MHEB—Up to 150 MW: In April 2010, Minnesota Power entered into an agreement with
MHEB for up to 150 MW of energy purchase beginning on May 1, 2011, and continuing
through April 30, 2022.

¢ MHEB—Up to 133 MW: In July 2014, Minnesota Power entered into an agreement with
MHEB for up to 133 MW of energy purchase beginning on June 1, 2020, and continuing
through May 31, 2040.

Energy Only Sales

e FPL—50 MW: In March 2014, Minnesota Power entered into an agreement with NextEra
for a 50 MW purchase beginning on January 1, 2015, and continuing through December
31, 2015.

¢ Alliant Energy Corporation (“AECS”)—50 MW: In February 2015, Minnesota Power
entered into an agreement with AECS for a 50 MW purchase beginning on January 1,
2016, and continuing through December 31, 2016.

e American Electric Power (“AEP”)—50 MW: In March 2014, Minnesota Power entered
into an agreement with AEP for a 50 MW purchase beginning on January 1, 2015, and
continuing through December 31, 2016.

Planned Transactions

Firm Purchases

[TRADE SECRET DATA EXCISED]
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Part 3: Small Power Production and Distributed Generation: Projects,
Studies and Demonstration Activity

Part 3 of Appendix C summarizes Minnesota Power’s small power production as reported in
the most recently completed Qualifying Facilities Report in accordance with Minnesota Rules
7835.1300 - 7835.1800. This section also provides updated descriptions of existing DG
projects.’®

Overview

The number of DG systems installed across Minnesota Power’s service territory continues
to grow each year. As DG technologies become more efficient and less costly, Minnesota
Power expects to see this trend continue. The quantity and location of customer installations,
including larger industrial cogeneration, has provided for both growing energy and diversity of
DG on Minnesota Power’s system. Although most of the installations thus far have been smaller
customer projects, they are widely dispersed, as shown in Figure 5.

Additional detail on customer DG project installations and Minnesota Power’s involvement
in community DG and education is provided in the remainder of this section.

Figure 5: Map of Distributed Generation Projects
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' Docket E999/PR-15-09, March 2, 2015.
® The majority of existing DG projects have been funded in part or in whole through Conservation Improvement
Program (“CIP”) dollars.
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Distributed Generation and Small Power Production

For the period of January 2014 through December 2014, as reported in the March 2015
Qualifying Facilities Report,® Minnesota Power had a total of 147 interconnected qualifying
facilities under the net energy billing rate, 15 of which were wind and 132 of which were
photovoltaic systems (see Table 3). This represents a total of approximately 937 kW of
customer DG installations.

Table 3: Minnesota Power Net Metering Customers

Net Metering Customers

Total Wind Photovoltaic

Total 147 15 132
Installations

Total Capacity 937.3 175.2 762.1
(kW)

Total Net Exports to Minnesota Power (kWh)
Total Wind Photovoltaic
TOTAL 378,422 58,988 319,434

Total Net Imports from Minnesota Power (kWh)
Total Wind Photovoltaic

TOTAL | 4,635,459 107,824 4,527,635

Total Net Metered Electricity Purchased by
Minnesota Power (kWh)

Total Wind Photovoltaic

TOTAL 138,365 33,129 105,236

As is referenced in Minnesota Power’s Qualifying Facilities Report, installations of net
metered distributed generation projects continue to be added each year. These projects receive
a net energy billing rate. This rate applies to sellers with DG facilities rated at less than 1 MW.
The net energy billing rate is generally paid out at the average retail rate, based on customer
class.

18 Docket E999/PR-15-09, March 2, 2015.
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Customer Renewable Energy (* RE Program”)

Minnesota Power has a long-standing history of encouraging the adoption of renewable
energy options. The RE Program originated from the “Renewable Energy Technology
Assessment Study” performed in 2003 and is currently part of Minnesota Power’s Conservation
Improvement Program.*’ Using a market-building approach to deliver small-scale renewable
energy options to northern Minnesota, this program has focused on photovoltaics (“PV”), wind
turbines (“WTG"), biomass and solar thermal renewable energy technologies, as well as key
infrastructure aspects related to each technology through provider network development and
site-based installations.

This is a multi-year, multi-phased, comprehensive program designed to impact the market
for small scale (less than 40 kW) renewable energy/distributed generation (RE/DG)
technologies. Minnesota Power has participated in a number of successful site-based
renewable energy projects that have begun to transform the regional market. Minnesota Power
has worked with a variety of stakeholders including educational institutions, manufacturers and
distributors, the Department, and trade allies over the last several years in the pursuit of the
shared goal of expanding the availability and customer adoption of renewable energy
technologies.

Minnesota Power views renewable energy as an important and growing part of the energy
landscape. Through its Conservation Improvement Program and Renewable Programs,
Minnesota Power strives to equip customers with accurate and unbiased information regarding
the application of renewable energy technologies. The RE Program provides customers with the
tools and resources needed to make informed choices about their energy investments while
continually reinforcing the objectives of the broader conservation program through which it is
funded - that being “conservation first”.

Photovoltaic (Solar Electric) Projects

Also part of the RE Program is the SolarSense rebate program. In place since 2004, this
program promotes the development of solar electric and solar thermal systems. It was originally
designed to complement the State of Minnesota Solar Electric Rebate Program and was set up
to leverage the state review process as a prequal