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Model for Residential Low Winter Ratio (ResLoWR)

This section provides a summary of the estimated profile model for the Residential Low Winter Ratio segment.  The profile type for this segment is ResLoWR.

Figure 5‑1 shows a scatter plot of daily energy versus average temperature for all observations in the database, representing over 3,000 days of data in different years and in different utility service areas.  In this plot, the data for each utility are scaled to adjust for differences in average customer size.  Days are color-coded, with solid blue circles for weekdays, orange diamonds for Saturdays, red triangles for Sundays, and green squares for holidays.

Figure 5‑3 provides a second version of this chart, with the observations for a specific utility highlighted.  The purpose of this chart is to illustrate that separate slopes are estimated by zone, and differences in these slopes will reflect the differences between weather relationships for the data points that represent each zone.  Weather slopes in the North Central zone are determined by the TXU East and TNMP North data.  Slopes in the South Central zone are determined by the Austin Energy and CPS data.  Slopes in the Coast zone are determined by Reliant Energy and TNMP South data.  Slopes in the West zone are determined by WTU data.

Figure 5‑5 and Figure 5‑7 show loads at hour 7 (the hour ending at 7 a.m.) and hour 16 (the hour ending 4 p.m.) plotted against average daily temperature.  These plots include data for all contributing utilities.  The hour 7 plot shows a relatively weak relationship between temperature and heating loads on the cold side of the curve, with average loads below 1.5 kW on many of the coldest days.  Although it is expected that most customers with large electric heating loads will appear in the High Winter Ratio segment, some electric heating will appear in the Low Winter Ratio segment, along with fan loads associated with gas furnaces.  The hour 16 plot is dominated by strong cooling effects, with average loads as high as 4 kW on the hottest days.

Figure 5‑1:  Energy vs. Dry Bulb – All Utility Data -- ResLoWR
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Figure 5‑3:  Energy vs. Dry Bulb -- Individual Utility Data -- ResLoWR
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Figure 5‑5:  Hour 7 Load vs. Dry Bulb – ResLoWR
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Figure 5‑7: Hour 16 Load vs. Dry Bulb -- ResLoWR
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The groups of variables that appear in the daily energy model are as follows:

--
Day of the week variables

--
Holiday variables

--
Season variables

--
Solar and Daylight Saving variables

--
Dry bulb temperature slopes by zone (Hot, Med, Cold)

--
Dry bulb slope extensions (XXHot, XHot, XCold, WkEnd interactions)

--
Temperature buildup variables

--
Dew point variables

--
Wind speed variables

--
Cloud cover variables

The estimated coefficients from the daily energy equation are presented in Table 5‑1.  The fit statistics for the equation include an R Square value of 0.982 and a mean absolute percentage error (MAPE) of 4.4%.  Most of the coefficients are strongly significant.  Key observations include the following:

(
Calendar effects are as expected, with weekdays having lower loads by 1.37 kWh to 1.95 kWh relative to Sundays (the zone-specific constant terms apply to Sundays in each zone).  Holiday loads show significant positive effects (relative to Sundays) for most of the major holidays.

(
The hot-side slopes are similar across the regions, ranging from 0.93 kWh per degree to 1.14 kWh per degree.  These slopes are amplified above 80 degrees by an additive slope of 0.51 kWh per degree, but are muted beyond 85 degrees by an additive slope of -0.20 kWh per degree.

(
Cold-side slopes across regions are relatively weak, ranging from -0.12 kWh per degree below 60 degrees to 0.21 kWh per degree.  These slopes are amplified below 50 degrees by an additive slope of 0.40 kWh per degree.

(
Temperature buildup effects are strong and have the expected signs, with a slope of 0.48 kWh per degree on the hot side, and a slope of -0.04 kWh per degree on the cold side.

(
On the hot side, dew point is a strong and significant variable, with a slope of 0.24 kWh per degree.  

(
Wind speed has the expected effects, lowering loads on hot days, with a slope of 


-0.16 kWh per mph, and increasing loads on cold days, with a slope of 0.06 kWh per mph.

(
Cloud cover has the expected effects, lowering loads on hot days, with a slope of 


-0.32 kWh per index point, and increasing loads on cold days, with a slope of 0.05 kWh per index point.

Table 5‑1:  Daily Energy Equation – Estimated Coefficients – ResLoWR
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Coefficient

StdErr

T-Stat

Unit

Definition

NCent

22.597    

0.622 

36.329 

Bin

1 for Zone = NCent, North, or East, 0 otherwise

Coast

20.184    

0.636 

31.720 

Bin

1 for Zone = Coast or South, 0 otherwise

SCent

22.647    

0.626 

36.181 

Bin

1 for Zone = S

C

ent, 0 otherwise

West

23.936    

0.656 

36.497 

Bin

1 for Zone = West or F

W

est, 0 otherwise

Monday

-1.367    

0.163 

-8.413 

Bin

1 on Mondays, 0 otherwise

TWT

-1.811    

0.142 

-12.774 

Bin

1 on Tues, Weds, or Thurs, 0 otherwise

Friday

-1.946    

0.161 

-12.050 

Bin

1 on Fridays, 0 otherwise

Saturday

-0.828    

0.128 

-6.455 

Bin

1 on Saturdays, 0 otherwise

MartinLKing

0.448    

0.678 

0.661 

Bin

1 on Martin Luther King, 0 otherwise

PresidentDay

-0.528    

0.715 

-0.739 

Bin

1 on Presidents' Day, 0 otherwise

MemorialDay

2.597    

0.723 

3.592 

Bin

1 on Memorial Day Holiday, 0 otherwise

July4thHol

0.412    

0.626 

0.658 

Bin

1 on July 4th (Fri if Sat, Mon if Sun), 0 otherwise

LaborDay

2.565    

0.629 

4.075 

Bin

1 on Labor Day, 0 otherwise

Thanksgiving

2.922    

0.697 

4.193 

Bin

1 on Thanksgiving, 0 otherwise

FridayAfterThanks

0.378    

0.700 

0.540 

Bin

1 on Friday After Thanksgiving, 0 otherwise

ChristmasHoliday

3.502    

0.678 

5.164 

Bin

1 on Christmas (Fri if Sat, Mon if Sun), 0 otherwise

NewYearsHoliday

3.013    

0.595 

5.067 

Bin

1 on New Year's (Fri if Sat, Mon if Sun), 0 otherwise

XMASWkB4

2.252    

0.370 

6.094 

Bin

1 on days in the Week before Christmas, 0 otherwise

XMASAft

1.174    

0.337 

3.480 

Bin

1 on days in the Week after Christmas, 0 otherwise

Summer

1.526    

0.152 

10.010 

Bin

1 on days in June, July, August, or September, 0 otherwise

Winter

0.197    

0.131 

1.500 

Bin

1 on days in December, January, or February, 0 otherwise

DLSav

0.399    

0.149 

2.678 

Bin

1 

on d

ays with Daylight Saving, 0 otherwise

HLight

0.037    

0.051 

0.730 

Hours

Hours of Light (e.g. 12.75 = 12 and 3/4 hours)

HotSlopeNCent

0.928    

0.037 

25.306 

DegF

Hot Slope when Zone = NCent, North, or East

HotSlopeCoast

1.144    

0.037 

30.951 

DegF

Hot Slope when Zone = Coast or South

HotSlopeSCent

1.073    

0.037 

29.062 

DegF

Hot Slope when Zone = SCent

HotSlopeWest

0.935    

0.039 

23.889 

DegF

Hot Slope when Zone = West or FWest

HotSlopeWkEnd

0.045    

0.013 

3.535 

DegF

Hot Slope Release on Weekend Days and Major Holidays

XHotSlope

0.512    

0.047 

10.802 

DegF

Degrees above 80 for Average Temperature in the Zone

XXHotSlope

-0.197    

0.073 

-2.705 

DegF

Degrees above 85 for Average Temperature in the Zone

MidSlopeNCent

0.492    

0.032 

15.390 

DegF

Middle Slope when Zone = NCent, North, or East

MidSlopeCoast

0.576    

0.027 

21.105 

DegF

Middle Slope when Zone = Coast or South

MidSlopeSCent

0.284    

0.027 

10.440 

DegF

Middle Slope when Zone = SCent

MidSlopeWest

0.331    

0.044 

7.511 

DegF

Middle Slope when Zone = West or FWest

ColdSlopeNCent

0.085    

0.029 

2.918 

DegF

Cold Slope when Zone = NCent, North, or East

ColdSlopeCoast

0.140    

0.027 

5.183 

DegF

Cold Slope when Zone = Coast or South

ColdSlopeSCent

0.208    

0.026 

7.844 

DegF

Cold Slope when Zone = SCent

ColdSlopeWest

-0.120    

0.030 

-3.948 

DegF

Cold Slope when Zone = West or FWest

ColdSlopeWkEnd

-0.023    

0.015 

-1.565 

DegF

Cold Slope Release on Weekend Days and Major Holidays

XColdSlope

0.403    

0.034 

11.970 

DegF

Degrees below 50 for Average Temperature in the Zone

HotBuildUp

0.482    

0.018 

26.678 

DegF

Buildup on Hot Days (Adjusted for Mean Value)

HotDayDP

0.244    

0.017 

14.667 

DegF

Dew Point on Hot Days (Adjusted for Mean Value)

HotDayWS

-0.162    

0.019 

-8.548 

mph

Wind Speed on Hot Days (Adjusted for Mean Value)

HotDayCC

-0.317    

0.024 

-13.050 

0 to10

Cloud Cover on Hot Days (Adjusted for Mean Value)

HotTempGain

0.086    

0.017 

5.131 

DegF

Temperature Gain on Hot Days (Adjusted for Mean Value)

MildBuildup

0.100    

0.012 

8.062 

DegF

Buildup on Mild Days (Adjusted for Mean Value)

MildDayWS

-0.104    

0.028 

-3.774 

mph

Wind Speed on Mild Days (Adjusted for Mean Value)

MildDayCC

-0.052    

0.035 

-1.510 

0 to 10

Cloud Cover on Mild Days (Adjusted for Mean Value)

MildTempGain

0.000    

0.014 

0.023 

DegF

Temperature Gain on Mild Days (Adjusted for Mean Value)

ColdBuildUp

-0.039    

0.010 

-3.751 

DegF

Buildup on Cold Days (Adjusted for Mean Value)

ColdDayWS

0.058    

0.024 

2.422 

mph

Wind Speed on Cold Days (Adjusted for Mean Value)

ColdDayCC

0.049    

0.029 

1.702 

0 to10

Cloud Cover on Cold Days (Adjusted for Mean Value)

ColdTempGain

0.014    

0.011 

1.258 

DegF

Temperature Gain on Cold Days (Adjusted for Mean Value)


Figure 5‑9 provides a plot of the predicted values for the eight weather zones for the coldest week in January of 1999.


Figure 5‑11
 provides a comparable plot for the hottest week in August of 1999.  Differences in these plots result from differences in the timing and severity of weather in the eight zones, as well as differences in the zone specific weather slopes.

Table 5‑3 provides a summary of mean absolute percentage error (MAPE) values for the estimated hourly models.  The first set of values, labeled Daily MAPE, show the average values computed from individual hourly errors.  These values average to 7.0% and range from 6.0% to 7.8%, depending on the hour.  These averages are computed from the absolute values of the differences between the sample and modeled loads in each hour divided by the sample load in that hour.  These should not be considered to be measures of “accuracy,” since the true population loads are not known.  To report accuracy, it would be necessary to compute the true residual (Actual – Predicted) in each hour, but the actual population values are unknown.  Further, with the number of sample cases ranging between 40 and 220, there is significant daily variation in the samples that is random noise (including both sampling error and daily variations in customer behavior).  

The second set of MAPE values is computed from the differences between the average sample value in each month and the average modeled value in each month.  In this comparison, the predicted values are calibrated to have the same total as the sample values for each month (as they would when used in settlements calculations).  These values, which average to 2.0%, eliminate daily noise from the sample through the averaging process, and may provide a better indication of the types of errors that can be expected at the population level in the settlements process.

The two sets of MAPE values are plotted out by hour of the day in Figure 5‑13.  

The final graph, Figure 5‑15, shows a comparison of the average sample values across all data sets for the months of January and July, and the average predicted values across all data sets for these same months.  As expected, at this high level of aggregation, the model results provide an excellent approximation to the average value for the underlying sample data.

Figure 5‑9: Simulated Profiles – 1999 Cold Winter Week – ResLoWR
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Figure 5‑11: Simulated Profiles – 1999 Hot Summer Week – ResLoWR
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Table 5‑3:  Daily and Monthly MAPE Values for ResLoWR
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Figure 5‑13:  MAPE Values (Daily and Monthly Average) – ResLoWR
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Figure 5‑15:  ResLoWR Average Shapes – Actual and Predicted
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