








3. Load Analyslis and Forecasting Ameren Missouri

end use energy consumption by appliance type, appliance penetration, and housing unit
or business type. These models are good at forecasting energy because they can be
used to estimate the effects of future changes in saturations or efficiency levels of
equipment and appliances which may be driven by policy, economics, or consumer
preferences,”’ even if the changes are not present in observable history. In a traditional
econometric model, it can be difficult to model precisely how the changing appliance
efficiency standards will affect sales if the standards have been unchanged during the
estimation period.

Econometric modeils, however, are estimated against a relatively long period of time
rather than calibrated to sales from a single year, and it is therefore easier to detect and
correct any systematic errors or biases in the forecasting model. For that reason, a
system that combines the bottom-up approach of engineering models with an
econometric approach should produce more accurate forecasts.?? The SAE approach
allows us to do that for our residential and commercial class sales. For the industrial
classes, we used an econometric approach that was influenced by the SAE approach.

The SAE framework used in this load analysis and forecasting work®® was developed by
Itron, a consulting firm Ameren Missouri has worked with for many years, and
implemented by Ameren Missouri forecasting personnel.?* In it there are specific end
uses for which saturation and efficiency must be estimated, as well as a miscellaneous
category. The residential end uses are heating, cooling, water heating, cooking, two
refrigeration (primary and secondary), freezers, dishwashing, clothes washing, clothes
drying, television, lighting, and miscellaneous.?® Furnace fans are consolidated with the
space heating end use due to the fact that in the SAE regression, they are analyzed using
a common driver: heating degree days. Personal computers, plug loads and other loads
are also consolidated due to the availability of data from the EIA as packaged by ltron,
and due to the fact that these end uses constitute many, many small devices for which
gathering accurate historical appliance stock data beyond what ltron has analyzed from
the EIA would be challenging.?® No end uses were added to the analysis, although as
discussed later in this chapter, self-generation resulting from solar photovoltaic systems is
treated essentially as a negative end use and modeled explicitly in each class’ load.”
For the commercial class, the end uses are heating, cooling, ventilation, water heating,
cooking, refrigeration, outdoor lighting, indoor lighting, office equipment, and
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Ameren Missouri 3. Load Analysis and Forecasting

miscellaneous.?® The combination of Itron’s analysis and past and future Market Potential
Studies provide a framework for maintaining the appropriate end use data for future
IRPs.?

To predict future changes in the efficiency of the various end uses for the residential
class, Ameren Missouri relied on an analysis of EIA's Annual Energy Outlook forecast
performed by Iltron and also on the analysis performed by Enernoc Utility Solutions
(previously Global Energy Partners) as a part of Ameren Missouri’s 2013 DSM Market
Potential Study, discussed in Chapter 8. Both of these sources rely on stock accounting
logic that projects appliance efficiency trends based on appliance life and past and future
efficiency standards. These models account for the impacts of all currently effective laws
and regulations regarding appliance efficiency, along with life cycle models of each
appliance.* The life cycle models are based on the decay and replacement rates, which
are necessary to estimate how fast the existing stock of any given appliance turns over
and newer more efficient equipment replaces older less efficient equipment. The
underlying efficiency data is based on estimates of energy efficiency from the U.S.
Department of Energy’s Energy Information Administration (E[A), or in the case of
Enernoc’s study, other primary market research data and secondary sources determined
to be relevant to Ameren Missouri's service territory. The EIA estimates the efficiency of
appliance stocks and the saturation of appliances at the national level and for the Census
Regions while Enernoc’s analysis was focused on Ameren Missouri's specific service
territory.

The saturation trends for the end use appliances from EIA for the Census Region were
generally discarded in the residential analysis in favor of more locally relevant information.
The primary source for up-to-date saturation information was the Ameren Missouri Market
Potential Study surveys conducted by Enernoc in 2009 and 2013.%' These studies were
conducted in order to provide primary data for Ameren Missouri's energy efficiency and
demand side management programs. An historical and forecasted time series of
appliance saturations are necessary for the SAE forecasting models that capture long
term trends and changes in appliance and equipment ownership. The two surveys done
in conjunction with the market potential studies provide a good starting point for
developing these trends, however some additional information was utilized in order to fully
develop them across more years.
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Ameren Missouri 3. Load Analysis and Forecasting

resulted in what is almost certainly a more accurate representation of the Ameren
Missouri customer base than the regional EIA data. Figure 3.8 is a graph of this process
for residential central air conditioning. In this case, one can see how this approach allows
the incorporation of different survey data, and also allows us to incorporate a frend in
saturation that is reasonable — in this case growth at a decreasing rate. In the example
above for central air conditioning, this methodology predicted a saturation of 93.1% in
2030.

Appliance saturation and efficiency data is an obvious and important explanatory variable
in modeling electricity sales, but there are other important variables that need to be
included. Other logical predictors of electricity sales include the number of households in
the service territory, income, and weather. Although this sales forecast is based on 30
year normal weather, actual historical weather and actual observed loads are used o
estimate model coefficients.

In the SAE framework, elasticities® with respect to price and income are determined
exogenously and included in the calculation of the independent variables. The estimation
of price and income elasticities is a complicated subject, and, especially with regard to
price elasticity, there is a great deal of literature on the subject. One paper that was
reviewed identified 36 different studies with 123 estimates of short run residential price
elasticity, and those estimates ranged from -2.01 to -0.004. (Espey, James A. and Molly
Espey. “Turning on the Lights: A Meta-Analysis of Residential Electricity Demand
Elasticities.” Journal of Agricultural and Applied Economics, 36, 1 (April 2004).65-81.).

Ameren Missouri’s approach to estimating elasticity parameters for each mode! was to
start with a figure that was close to a central tendency from the literature reviewed where
possible, incorporating recommendations from the consultant firm ltron where necessary
to supplement the available information. After determining an appropriate starting point,
the elasticity parameters were then adjusted up or down by small amounts to determine
whether madel statistics improved from the change. The elasticities used in the base
case load (the differences hetween the base, high, and low load growth scenarios are
discussed in section 3.1.6) forecast models were values that minimized the model mean
absolute percent error (MAPE) over the estimation period. The price elasticity in the base
case load growth residential model is -0.13. This is similar to the -0.15 value used in the
2011 and 2008 Ameren Missouri IRPs. The 2008 IRP included a study of company
specific data in a model that produced an estimate of -0.157 as reported in the
Supplemental filing made by Ameren Missouri in that docket.

Ameren Missouri also considered the use of retail natural gas prices in the forecast as a
competing fuel for certain end uses. After evaluating how the sales madels performed
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3. Load Analysis and Forecasting Ameren Missouri

with and without retail natural gas prices, retail natural gas prices were not included in the
model as explanatory variables. When the natural gas prices were introduced to the
forecasting model, a very strong trend appeared in the model residuals. Exclusion of the
retail natural gas price produced slightly better model statistics and specifically an
improved Durbin-Watson statistic which indicates a reduction in the correlation of the
error term of the mode! (i.e. removal of gas prices eliminated the strong trend in the
residuals which indicates a bias in the model). So natural gas prices were excluded from
final model specifications used to generate the energy forecasts used in this IRP.

Each model used a different economic driver, or a set of economic drivers. In the SAE
model framework for residential sales, household income and the number of people per
household in the service territory act as drivers for use per customer.

The functional framework of the SAE model is:>*

Use per customer
= B1 * ({cooling use) * (cooling index) ) + B2 * ((heating use)
* (heating index) ) + B3 * ((other use) * (other index) )35

In each term the “index” variable captures past and future trends in appliance saturation
and efficiency. This variable is characterizing changes over time in the stock of end use
appliances within the service territory. The “use” variable is a combination of variables
that characterize the utilization of those appliances, including household income, the
number of people per household, heating & cooling degree days, and the relevant
elasticities. As would be expected, income has a positive correlation with consumption
(i.e. as people have more money they tend to consume more), price has a negative
correlation (the higher the price of electricity the less people tend to use) and heating and
cooling degree days have a positive correlation with usage (as the weather gets more
extreme, more energy is required to condition the space in the home to a comfortable
level). The specific form of cooling use, for example, is:

Cooling use

= (persons per household * persons per household elasticity of use per customer)
* (household income » household income elasticity of use per customer)

* (electricity price 1 year moving average " price elasticity of use per customer) *
* (index of cooling degree days)

The heating and other use variables are similar, except that the heating use variable
includes heating degree days instead of cooling degree days, and the other use variable
does not include a weather term.
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different from the way that an aircraft manufacturer uses electricity, and the way an
aircraft manufacturer uses electricity is likely to be quite different from a cement factory.
Additionally, the SAE framework which has been utilized for residential and commercial
classes requires a significant history of end use information to identify end use trends,
and such history is not readily available from any internal studies or external sources that
have been identified. Ameren Missouri has collected a significant amount of primary data
on these customers as a part of DSM market potential studies in 2009 and 2013, but has
not used that data to perform end use forecasting for the reasons described above.?® As
additional studies are done, enough history may be developed to consider an end use
approach, but the heterogeneous nature of the large industrial customers may still be an
overriding factor in determining that econometric forecasts are preferable.

In order to produce a forecast of energy that is reasonable and is able to incorporate future
changes in the economic environment and electricity prices, it is necessary to include a
price term, a price elasticity parameter, an economic driver, and some elasticity with
respect to the economic driver in a sales model. The SAE framework does this very well,
but as noted above that form is not currently appropriate for Ameren Missouri's industrial
class sales. In a typical econometric model this would be done by including price and an
economic driver in the model as independent variables. The regression estimated
coefficients would then serve as de facto elasticities.

In the case of Ameren Missouri’s industrial sales data, however, that approach does not
always work, so a slightly different approach was used. Price in particular is problematic
because real prices trended flat to down over much of the historical estimation period of the
sales models, and the period of time with price increases is largely overshadowed by the
significant economic disruptions of the 2007-2009 recession. The result is that modeis with
each factor input as standalone independent variables tend to produce coefficients for the
price term that are either statistically insignificant, practically insignificant (i.e., a positive
sign on the price coefficient), or both. A modification was chosen that combined price,
output, and their respective elasticities into one composite independent variable.

The functional form was different from, but inspired by, the SAE framework:

Sales = B1 x (economic driver®economic driver elasticity) * (price "price elasticity)
* index of billing/calendar days in the month + B2 x (CDD index) + B3
* (HDD Index)

Price, output, and their elasticities were combined into one term. As was the case with the
SAE residential and commercial models, estimating elasticity was a challenge, because
estimates of elasticity in electricity consumption vary widely. Initial elasticities were chosen
that reflected a mid-point of estimates from the literature. Through an iterative process
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Ameren Missouri 3. Load Analysis and Forecasting

consider not only which variable or parameter had the biggest impact on load, but also
which ones had the greatest inherent uncertainty over the planning horizon.

For example, in the residential model the forecasts of miscellaneous, heating and cooling
end use energies were modified along with the elasticity parameters applied to the price
and income variables to produce high and low load growth scenarios. Miscellaneous load
is generally considered to be one of the most challenging categories {o forecast amongst
industry forecasters. Since miscellaneous load makes up a significant share of total
residential energy consumption, changes in the growth rate of this end use grouping will
certainly have a material impact on the load forecast. Part of the appeal of miscellaneous
growth as the variable through which to capture uncertainty is its inherent unpredictability.
It is impossible to know what new devices might be invented in the future that will
consume more or less electricity than what is currently anticipated. A forecast of 2010
energy sales prepared in 1990 for example, would in all likelihood not have contemplated
the number of mobile phone chargers, not have predicted the adoption of technologies
like digital video recording devices, or not have expected that some households would
have a device called a wireless router. it is also conceivable that technologies could
converge in the future and multiple plug devices are replaced by more efficient and fewer
devices. Additionally, heating and cooling loads were impacted for the scenarios because
they are the most significant drivers of peak load conditions, so uncertainty in those end
uses is important to consider in order to reflect a full range of potential future capacity
needs. The heating end use had particular appeal as an uncertainty, as the observed
load growth in recent years for Ameren Missouri’s residential class has been clearly
strongest in the winter season. Whether that be due to more homes with electric heat as
their primary heat source, or due to a proliferation of secondary space heating units, it is
important to understand the dynamics of increasing winter loads on the system.

For the commercial and industrial classes, the output and price elasticity parameter
estimates were identified as the largest source of uncertainty for the forecast period. As
mentioned in Section 3.1.5, the academic literature and even the opinions of the
forecasting community present a wide spread of supportable estimates of elasticity.
However, much of the literature that does cover elasticity actually focuses on the
residential class. Therefore the evidence for a single parameter estimate for commercial
or industrial price or output elasticity is scarce. The impact of these estimates is,
however, significant. Since we are in a time period during which retail electric prices have
been and are forecasted to continue rising, the price elasticity term has a pronounced
effect.

Additionally, economic growth in these sectors is not uniformly energy intensive. So the
addition of load like data centers and medical facilities in the commercial class could use
more energy per unit of economic output than retail space or offices. Similarly, a
manufacturing load that serves an assembly plant may have dramatically different energy
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3. Load Analysis and Forecasting Ameren Missouri

intensity than a smelter or chemical manufacturing facility. Therefore using the output
elasticity to model! sensitivity accurately captures one of the larger uncertainties in the
commerciai and industrial sectors.

in the description of the process of setting the base modeling elasticity parameters, it was
noted that we varied the parameters to optimize the model statistics. While performing
that process, however, it becomes apparent that there is a range of elasticity estimates
within which the model performs well and produces reasonable fits. All of the subjective
adjustments to elasticity parameters as a part of the high and low scenario development
kept the elasticity parameters within the range where the models were deemed to perform
well.

As described in the paragraphs above, careful consideration was given to the factors in
the forecast of each class that would drive the differences between the high, base, and
low load forecast scenarios. In each case, an assessment was made that not only
considered the model's sensitivity to a given variable, but also the inherent uncertainty in
that variable. By using this approach, Ameren Missouri developed a range of load growth
outcomes that realistically reflects the uncertainty that is present in the details underlying
the load forecasting process. The results of this modeling served to reinforce the results
of the surveys conducted with the subject matter experts.

A summary detailing all of the changes between high, base, and low load forecast
scenarios can be found in Table 3.4.
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Ameren Missouri 3. Load Analysis and Forecasting

cycles of the commercial and industrial customers. 1t is therefore important to have peak
temperatures on a weekday so that the peak is not under-forecasted by matching the
highest residential load with lower levels of commercial and industrial load.

In the planning calendar forecast run, both the weather and the days of the week are
forced to follow the pattern of the reference year. For example, August 2nd (2011) was a
Tuesday. So for the planning calendar (which will be applied to forecast all future years),
August 2nd will remain a Tuesday for modeling purposes in all years. This prevents the
peak load from changing simply due to changing combinations of weather and weekday
over the forecast horizon. If our peak temperature were allowed to float to different
weekdays over the forecast horizon, the load forecast would change from year to year
based on nothing more than the assumed day of the week on which the peak fell. Again,
as industrial and commercial load patterns follow those customers’ business cycles, it is
important to reflect a consistent match between the point in the weekly business cycle
and the peak load.

The profile shapes must then be extended over the forecast horizon using the planning
calendar assumptions. For the non-weather sensitive end-uses, this is a very easy
exercise. These shapes from the eShapes are generally comprised of just a weekday
and weekend shape for each month of the year. To extend the shapes to the forecast
horizon, the weekday shapes and the weekend shapes (as adjusted per the calibration
process described above) are applied to the appropriate days given the month and day of
week in the planning calendar.

For the weather sensitive end-uses and classes, the statistical profile models and the
reference year weather and calendar patterns are used to project the planning case load
shape. For classes that are not modeled with end use detail, the models are based on
Ameren Missouri load research data for the class consistent with the weather
normalization modeling. For the weather sensitive end-uses, the models are based on
the ltron simulated heating and cooling shapes consistent with the load shape calibration
process mentioned above. In both cases of the end use and class level profiles, the daily
peak load and daily energy are modeled as a function of temperature and calendar (day
of week, month, and season) variables. The models are then simulated using the
planning calendar normal temperatures and weekdays

Once both the end-use and class level profiles have been simulated for the planning
calendar year, that year is replicated exactly in order to represent the load shape for each
year in the forecast horizon for peak modeling purposes.
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actually need to be generated in order to meet the demand of Ameren Missouri's
customers. The energy loss factors were also based on the 2011 loss study. An
additional 3.5% loss beyond the value in the study is applied to the Noranda load to
represent the contractual obligation of Ameren Missouri to provide for 3.5% losses while
crossing the AECI transmission system.

The process of generating the hourly system forecast begins in exactly the same way as
the bottom-up forecasting of the peak was done, with the exception of the use of the
actual calendar and the energy loss rates. The profile shapes for each class and end-use
where applicable is scaled to the energy forecast, grossed up for losses, and aggregated
to the system level. After that has been completed, there are only a couple of more steps
involved in the creation of the hourly system forecast. First, the annual peak load is
calibrated to the peak forecast developed in the planning case (as adjusted per the back-
calibration routine). Next, transmission losses are deducted from the forecasted loads.
Remember that energy loss rates were used to gross the sales up to the level of load that
will have to be generated. The transmission losses are then deducted because of the
way that the company interacts with the Midcontinent Independent System Operator’s
(MISO's) energy markets. Ameren Missouri sells its generation to MISO, and buys its
load from MISO. The difference between generation and load is the volume of off-system
sales (net of power purchases) made by the company. However, the load that is
purchased from MISO does not include transmission losses. In MISO's market, there is a
financial charge for transmission losses, but the physical energy is not purchased by the
load serving entity. To reflect this reality, a loss rate is used to back the energy forecast
down from the level of energy required to meet customer demand at the generation level
to the level of energy needed at the interface between the transmission and distribution
system. A loss rate of 2.2% was used to perform this calculation. This rate was based on
the actual rate of losses observed on the Ameren Missouri control area based on MISO
settlements for the years of 2009 through 2011.

The final step in the process of developing the hourly system loads involves checking for,
and if necessary correcting, discontinuities in the load pattern during the overnight hours.
Because each day is modeled independently, there are occasions when the fransition
from hour 24 of one day to hour 1 of the next day has a significant jump. [n the cases
where this issue is detected, Ameren Missouri has corrected the situation with a
smoothing algorithm that it developed. This algorithm maintains the total energy for each
day from the original forecast, but reorganizes certain hours so that the load pattern is
more realistic. This is important so that the dispatch algorithms in the integration analysis
will not be forced to commit units overnight for an artificial jump in load. An example of
before and after “smoothed” load can be seen in Figure 3.26.
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temperatures equaling the 90™ percentile of summer peak temperatures from 1981-2010
and at the absolute maximum temperature observed in that time frame. Additionally,
Ameren Missouri tested against a temperature that occurred outside of the 1981-2010
time period, because since then the historically hot summer of 2012 gave an extreme
observation that far exceeded what came in the 1981-2010 years. The result was that at
the 90" percentile two day weighted average temperature (91.18 degrees), the peak load
was forecasted to reach 8,324 MW, or 4.0% higher than the normal weather forecast. At
the absolute maximum two day weighted average temperature reached during the 1981-
2010 years (91.83 degrees), the load was estimated to reach 8,406 MW, or 5.0% higher
than the normal weather peak. Even under the extreme conditions of 2012, when the two
day weighted average temperature reached 96.67 degrees, the peak forecast reached
9,014 MW, or 12.6% above the original forecast.

In each case, the extreme weather produced an effect that was lower than the 17%
reserve margin, leaving room for additional contingencies, such as a unit outage. For the
oo™ percentile temperature and the hottest temperature from 1981-2010, the weather
uncertainty used well under half of the reserve margin available. The heat in 2012 was
well beyond the 1 in 10 planning threshold typically used for reliability planning, and even
at that level the load increased against the normal weather forecast by less than the
17.3% reserve margin by several percent.

In order to validate that sufficient reserves were left to account for an anticipated level of
unit outages, Ameren Missouri also reviewed the reserve margin calculations performed
by the Midcontinent Independent System Operator (MISO) in its Loss of Load Expectation
(LOLE) study for 2014. On page 34 of the 2014 LOLE study, MISO provides a chart
which indicates the Load Forecast Uncertainty (LFU), which includes weather related
uncertainty that is embedded in the reserve margin estimates. MISO’s chart shows the
reserve margin needed given various levels of LFU. The reserve margin of 16.5% on that
chart (very close to the long-term planning assumption of 17.3%) is associated with LFU
of 9%. That 9% LFU value is significantly higher than the 5% weather sensitivity
exhibited by Ameren Missouri's load based on the most extreme weather experienced
over the 1981-2010 time period. It is just slightly eclipsed by the weather sensitivity
associated with the record setting conditions of the 2012 summer. All in all, the amount of
uncertainty associated with extreme weather conditions, is in line with both the LOLE
study and the principle that the 17.3% planning reserve margin should account for
extreme weather and additional generation contingencies with loss of load expected no
more than once in ten years.
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