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 Appendix: Detailed Inputs & Assumptions 

 

A.1 System Demand 

A.1.1 Annual Energy Demand 

The annual demand for energy and hourly system peak demand are developed from inputs provided by 

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

IRPs (or comparable planning processes)Φ 9ŀŎƘ ǳǘƛƭƛǘȅΩǎ ŦƻǊŜŎŀǎǘ ǊŜŦƭŜŎǘǎ ǘƘŜƛǊ ǇǊƻƧŜŎǘƛƻƴ ƻŦ ŦǳǘǳǊŜ ƭƻŀŘǎ 

based on expected demographic trends, changes in consumption patterns, etc. Forecasts reflect the 

impact of a number of load modifiers, including electric vehicle load, new large customer load, energy 

efficiency (EE), and behind-the-meter (BTM) solar PV. Figure A-1 illustrates the methodology used in this 

study to develop a complete regional demand forecast; Figure A-2 shows the annual energy forecast; and 

each component is further discussed in subsequent paragraphs. 

Figure A-1. Overview of methodology used to develop a regional load forecast 
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Figure A-2. Actual and forecast annual load  

 

 

Total End Use Demand 

¢ƻǘŀƭ ŜƴŘ ǳǎŜ ŘŜƳŀƴŘ ŦƻǊŜŎŀǎǘ ƛǎ ǘƘŜ ŦƛǊǎǘ ǎǘŜǇ ƻŦ ǇǊƻƧŜŎǘƛƴƎ ŦǳǘǳǊŜ ƭƻŀŘ ƎǊƻǿǘƘΣ ƛǘΩǎ ǘƘŜ ōǳƭƪ ƳŜǘŜǊŜŘ ƭƻŀŘ 

before re-constituting with load management adders or load drop modifiers. In 2025, total unmanaged 

load in Southwest is projected to be roughly 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 

¦ǘƛƭƛǘƛŜǎΩ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎ ƻŦŦǎŜǘ ŀ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǊŜƎƛƻƴΩǎ ƭƻŀŘ ƎǊƻǿǘƘΦ By 2025, the cumulative 

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 increases to 5,800 GWh, an 

effective 4.5% load reduction. 

Behind-the-Meter Solar Generation 

Distributed ǎƻƭŀǊ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜ ǘƘŀǘΩǎ ōŜƘƛƴŘ ǘƘŜ ƳŜǘŜǊ ƛǎ ŀƴƻǘƘŜǊ ǊŜƭŜǾŀƴǘ ǾŀǊƛŀōƭŜ ǘƘŀǘ ƻŦŦǎŜǘǎ ƭƻƴƎ-

term load growth. In 2025, total customer solar generation is projected to be 5,600 GWh, equivalent to 

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

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

A-3shows the region-wide installed capacity for behind-the-meter solar from 2021 to 2033. 
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Figure A-3. Projected behind-the-meter installed capacity reflected in utilites' forecasts 

 

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 the accelerated increase in the need for electricity 

generation as transportation electrification become more cost-competitive and more large development 

projects materialize. 

wŜƳŀƛƴƛƴƎ άwŜǎƛŘǳŀƭέ [ƻŀŘǎ 

In addition to the utilities whose forecasts are explicitly represented in 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 loads, ŀ άresidualέ ǾŀƭǳŜ ƛǎ calculated on top of the utilƛǘƛŜǎΩ 

aggregate load forecast. This value is calculated by comparing the 2020 loads provided by the utilities with 

actual total regional balancing authority load obtained from WECC (see Figure A-4). This residual is 

assumed to increase at the prevailing regional growth ǊŀǘŜ ǊŜŦƭŜŎǘŜŘ ōȅ ǘƘŜ ǳǘƛƭƛǘƛŜǎΩ ŦƻǊŜŎŀǎǘǎ from 2020-

2035. 
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Figure A-4. Determination of the "residual" component of the load forecast 

 

A.1.2 Hourly Demand Shapes 

A.1.2.1 Historical Simulation 

!ǘ ǘƘŜ ƘŜŀǊǘ ƻŦ w9/!tΩǎ [h[t ǎƛƳǳƭŀǘƛƻƴ ƛǎ ŀ ǎǘƻŎƘŀǎǘƛŎ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ƘƻǳǊƭȅ ƭƻŀŘ ŀƴŘ ǊŜƴŜǿŀōƭŜ 

profiles that reflect the full range of potential conditions that a system may experience. Developing a 

robust set of hourly load profiles that is representative of a broad distribution of possible weather 

conditions ς particularly extreme events that are often correlated with higher risk of loss of load ς is a 

challenge for reliability modelers, as actual load shapes from recent historical years may not be 

representative of the long-run 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, simulate loads, etc.] 

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 (2011-2019).1 To allow for the 

explicit treatment of behind-the-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 behind-the-meter and wholesale power generation. 

Figure A-5. Aggregate historical hourly demand in the Southwest region, 2011-2019 

          (MW) 

 

1 Load and weather data for 2020, although available, were not used in this study due to the distortionary impacts of the 
COVID-19 pandemic. 
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The neural network regression relies on historical daily maximum and minimum temperatures 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 (2010-2018), is used to 

train the model to establish the relationship between temperature and load. This trained model is then 

applied to a climate-adjusted weather record (1950-2019) to project hourly load under a wide range of 

weather conditions. Figure A-1 lists the weather stations used in this process. 

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

Station Name Location Site ID 

Albuquerque 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°, -110.9552° 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 distribution of 

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 Southwest, where the frequency of extreme high summer 

temperatures has increased dramatically since the mid-twentieth century (see Figure A-6). Should 

observed warming trends continue, traditional analyses which sample only from historically observed 

weather data risk failing to capture the even-hotter extreme temperatures and resulting reliability events. 
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Figure A-6. Increasing frequency of high temperature days at Phoenix Sky Harbor 

 

To varying degrees, this warming trend is apparent across all weather stations included in this study. Table 

A-2 summarizes the average temperature change in the historical weather record from 1950-2019 for 

three values: 

è Maximum daily high temperature 

è Average daily high temperature 

è Average daily low temperature 

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 this trend ς that overnight lows have increased more than 

daytime highs ς is that high load conditions may persist into the evening as temperatures remain higher. 

Table A-2. Average observed historical warming trends, 1950-2019 

 Average Temperature Change (ɲ°F/decade) 

Weather Station Annual Maximum 
Daily High Temp 

Annual Average  
Daily High Temp 

Annual Average  
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 a line of best fit on the annual average temperatures observed 
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at each weather station (example in Figure A-7). That line of best fit was then used to create an adjusted 

tempŜǊŀǘǳǊŜ ŦƻǊ ŜŀŎƘ Řŀƛƭȅ ǘŜƳǇŜǊŀǘǳǊŜ ŀǘ ŜŀŎƘ ǿŜŀǘƘŜǊ ǎǘŀǘƛƻƴΣ ŜŦŦŜŎǘƛǾŜƭȅ άŘŜ-ǘǊŜƴŘƛƴƎέ ƘƛǎǘƻǊƛŎŀƭ 

temperatures to conditions representative of 2019 climate.  

Figure A-7. Adjusted Weather Record Methodology Example 
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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 climate change: Temperatures are adjusted to 2019-levels (no assumptions 

are made about future trends), multi-day hot streaks and cold snaps are not assumed to increase in 

frequency, and there is not a higher incidence of generation and transmission outages resulting from 

extreme weather events. It will be important that future planning efforts incorporate forward-looking 

climate projections and resulting effects on the system. 

Neural Network Regression 

To generate hourly load shapes consistent with the statistically adjusted weather record, this study uses 

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

ǿŜ ŘŜǾŜƭƻǇ ŀ ƭƛōǊŀǊȅ ƻŦ ƘƻǳǊƭȅ ƭƻŀŘ ǇǊƻŦƛƭŜǎ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘ Ƙƻǿ ǘƻŘŀȅΩǎ electric demands would behave 

undŜǊ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ǇƭŀǳǎƛōƭŜ ǿŜŀǘƘŜǊ ŎƻƴŘƛǘƛƻƴǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƻŘŀȅΩǎ ŎƭƛƳŀǘŜΦ ¢Ƙƛǎ ƳŜǘƘƻŘ ŀƭƭƻǿǎ 

the analysis to capture the variability of load across very long time horizons (i.e., 1-in-2, 1-in-5, 1-in-10 

year events, etc.).  

The following independent variables are used in the neural network regression approach: 

é Max and min daily temperature (including one and two-day lag) 

é Month (+/- 15 calendar days) 

é Day-type (weekday/weekend/holiday) 

é Day index for economic growth or other linear factor over the recent set 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 into hourly load profiles by identifying a load profile within the actual historical 


















































