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A Appendix:Detailed Inpus & Assumptions

A.1 System Demand

A.1.1 Annual Energy Demand

The annual demand for energy and hourly system peak demandes@oped from inputprovidedby

the Southwest utilities. These numbers are derived from the most recent load forecast develdpeit in

IRPSor comparable planning processés) 9 I OK dziAf AG@Qa FT2NBOFald NBFtSO
based on expected demographic trends, changes in consumption patterns, etc. Forecasts reflect the
impact of a number of load modifiers, incladielectric vehicle load, new large customer load, energy
efficiency (EE), and behixide-meter (BTM) solar P¥igureA-l illustrates the methodology &l in this

study to develop a complete regional demand forec&#jureA-2 shows the annual energy forecast; and

each component is further discussed in subsequent giaahs.

FigureA-1. Overview of methodology used to develop a regional load forecast
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Total End Use Demand

L_N Incremental Energy Efficiency

Utility forecasts
__l Behind-the-Meter Solar Generation = provided by APS, EPE, PNM,

SRP, TEP, and AEPCO
+ New Electric Vehicle Loads
+ New Large Customer Loads
Other regional loads
+ Residual Loads not directly captured in utility
forecasts; calibrated based on
2020 historical data
| | F
==l Total Regional Energy Demand
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Resource Adequacy in the Desert Southwest Appendix: Detailed Inputs & Assumptions

FigureA-2. Actual and forecast annual load
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Total End Us®emand
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before reconstituting with load management adders or load drop modifiers. In 2025, total unmanaged

load in Southwest is projected to be iy 117 GWh. By 2033, the forecast is increased to 137 GWh, at

a growth rate of 2.0% per year. Overall, total end use demand growth across the Southwest region is
moderate over time.

Incremental Energy Efficiency

PGAEAGASEAQ SYSNESISTTFABMNIWVRY 1ZNE IBUSO2aNBLEw g e 2 | R
load impact of energy efficiency (measured relative to 2020) is roughly 2,600 GWh, a 2.4% reduction in

load. By 2035, the cumulative load impact of energy efficiency programs increase80® GWh, an

effective 4.5% load reduction.

Behindthe-Meter Solar Generation

Distributedd 2 f  NJ SYSNH& NBaz2dz2NOS (KIFIadQa o0SKAYR (KS YSiaS
term load growth. In 2025, total customer solar generatioprigjected to be 5,600 GWh, equivalent to

4.6% of annual net load. By 2033, the cumulative impact from bethiaaneter solar increases to roughly

8,500 GWh, at a steady growth rate of 5.4% per year. This is an effective 5.8% load redrigtica.

A-3shows the regiomwide installed capacity for behinthe-meter solar from 2021 to 2033.
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Resource Adequacy in the Desert Southwest Appendix: Detailed Inputs & Assumptions

FigureA-3. Projected behinethe-meter installed capacity reflected in utilites' forecasts
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New Electric Vehicle and Large Customer Loads

The load segments associated with electric vehicle adoption and new economic development grow
significantly over the forecast period. This captures dioeelerated increase in the need for electricity
generation as transportation electrification become more ecsipetitive and more large development
projects materialize.

WSYFAYAYy3 awSaAiARdzZ té¢ [2 Ra

In addition to the utilities whose forecasts are expliciepresentedin this study a number of smaller
cooperative and publicly owned utilities serve small loads within the region. To capture these loads and
to ensure consistency with historic actual loatisregiduaé @ | tattaBatedos top ofthe utilA (G A S & Q
aggregatdoad forecast. This value is calculated by compatia@020loads provided by the utilitiesith

actual total regional balancing authoritjoad obtained from WECC (s&égure A-4). This residual is

assumed tdncrease athe prevailing regionairowthNI § S NB Tt SOG SR 0 fom20S& dzi A f A
2035.
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FigureA-4. Determination of the "residual” caonponent of the load forecast
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profiles that reflect the full range of potential conditions that a system may experiddeeeloping a
robust set of hourly load profiles that is represative of a broad distribution of possible weather
conditionsg particularly extreme events that are often correlated with higher risk of loss of ¢ddada
challenge for reliability modelers, as actual load shapes from recent historical years may not be
representative of the longun distribution of such extreme weather events.

[Add a paragraph that provides an overview of our neural network process, as well as a diagram
summarizing the sequence of steps: obtain data, adjust weather, develop NN, sinoaldse étc.]

Historical Load & Weather Data

The process of developing hourly load and renewable shapes begins with the collection of recent historical
hourly load data. In this study E3 uses 9 years of recent historical data-22a9)! To allow for the
explicit treatment of behingdhe-meter solar PV (BTM PV) resources in RECAP, historical output BTM PV
is backed out of the historical load shape, such that the resulting hourly shape reflects the total demand
for electricity served by behinthe-meter andwholesale power generation.

FigureA-5. Aggregate historical hourly demand in the Southwest region, 2@019
(MW)

1Load and weather data for 2020, although availablerew®t used in this study due to the distortionary impacts of the
COVIBL9 pandemic.
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The neural network regression relies on historical daily maximum and minimunetatopes in Arizona,

New Mexico, and El Paso published by the National Oceanic and Atmospheric Administration (NOAA) for
1950 to 2018. The historic temperature data, for the years with hourly load data {2018), is used to

train the model to establishhie relationship between temperature and load. This trained model is then
applied to a climateadjusted weather record (1958019) to project hourly load under a wide range of
weather conditionsFigureA-1 lists the weather stations used in this process.

TableA-1. List of weather stations used for historical temperature data

Station Name Location Site ID

Albuguerque International Airport 35.0419°-106.6155° USW00023050
El Paso International Airport 31.81111°;106.37583° USw00023044
Phoenix Airport 33.4277°-112.0038° USW00023183
Tucson International Airport 32.1313°7110.9552° USW00023160

Climate Adjustments to Historical Weather Data

Incorporating a broad range of possible weather conditions is essential to robust probabilistic modeling.
In the past, extensive historical weather records have been used directly to represent the distritiution
possible future conditions; however, as the impacts of climate change have become more apparent in the
historical record, calling this common assumption into question. The presence of a warming trend in
historical data is especially clear in the Soutlsty where the frequency of extreme high summer
temperatures has increased dramatically since the -tmientieth century (seeFigure A-6). Should
observed warming trendsontinue, traditional analyses which sample only from historically observed
weather data risk failing to capture the evotter extreme temperatures and resulting reliability events.
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FigureA-6. Increasingrequency ofhightemperaturedays at Phoenix Sky Harbor
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To varying degrees, this warming trend is apparent across all weather stations included in thiablely.
A-2 summarizes the average temperature change in the histbniveather record from 1952019 for
three values:

(D/

Maximum daily high temperature
Average daily high temperature
e Average daily low temperature

(D/

Two observations are notable in these trends. First, the annual maximum and annual average daily high
temperatures have increased at relatively similar rates across the historical record. Second, in most
stations, the increase in the average daily low temperature has been greater than the increase in average
daily high temperature. The implication of thiend ¢ that overnight lows have increased more than
daytime highg; is that high load conditions may persist into the evening as temperatures remain higher.

TableA-2. Average observed historical warming trds, 19562019

Average Temperature Changp°Hdecade)

Weather Station Annual Maximum Annual Average Annual Average
Daily High Temp Daily High Temp Daily Low Temp

Albuquerque International Airport +0.08 +0.08 +0.52

El Paso International Airport +0.43 +0.31 +0.58

Phoenix Airport +0.55 +0.49 +1.60

Tucson International Airport +0.57 +0.52 +0.58

To account for these warming trends, this study incorporates a linear adjustment to the historical weather
record to detrend the warming impacts apparent in the historical data. A statistically adjusted weather
record was produced by first generating aeliof best fit on the annual average temperatures observed
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at each weather station (example figureA-7). That line of best fit was then used to create an adjusted
tempS NI} G dzZNBE F2NJ S OK RIAf & (SYLISNI G diNSBS yIrRIA ySIE O KK AdaSils
temperatures to conditions representative of 2019 climate.

FigureA-7. Adjusted Weather Recort¥lethodology Example

Example: Phoenix Sky Harbor Annual Highs Post-Adjustment
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Example: Phoenix Sky Harbor Average Daily Highs Post-Adjustment
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The temperature adjustment methodology represents a step towards incorporate impacts of climate
change into resource adequacy analysis. However, the methodology does not model the full range of
potential future impacts of climatehange: Temperatures are adjusted to 26&9els (no assumptions

are made about future trends), muitiay hot streaks and cold snaps are not assumed to increase in
frequency, and there is not a higher incidence of generation and transmission outageigefom
extreme weather events. It will be important that future planning efforts incorporate forwaatking
climate projections and resulting effects on the system.

Neural Network Regression

To generate hourly load shapes consistent with the statilijicadjusted weather record, this studiges

neural network regression techniques to extend the short record of historical data. Through this process,

S RSOSt2LJ I tfAO0ONFINE 2F K2 dz2NI &lecfriederRandsiN®dibéhave a G K I
undSNJ I 6ARS NIy3IS 2F LX I dzaAofS 6SFGKSNI O2yRAGAZY A
the analysis to capture the variability of load across very long time horizons {ire2, I-in-5, 1-in-10

year events, etc.).

The following independentariables are used in the neural network regression approach:
é Max and min daily temperature (including one and tday lag)
é Month (+/- 15 calendar days)
é Daytype (weekday/weekend/holiday)

¢ Day index for economic growth or other linear factor over the récen of load data

E3 performs this analysis using daily load totals by summing hourly load for each hour of the day. Once
daily load totals have been predicted for historical weather days using the neural network process, E3
converts these totals back imhourly load profiles by identifying a load profile within the actual historical
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