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SECTION 1: INTRODUCTION

Since the Energy Policy Act (EPACT) of 2005, demand response (DR) has received increasing attention as though it is a new concept.  But DR has been alive and thriving in some parts of the US since the DSM days and it continues to be a force in lowering demand for electricity during high price periods and/or high demand periods.  Basically, DR programs ask customers to reduce demand in response to a price signal or financial incentive.  Typically, the request to reduce demand is made for a specific time period on a specific day, which is referred to as a demand response event or simply an event.

Each event has three key measurement components:

Baseline – The amount of energy the customer would have consumed absent a request to reduce.

Actual Use – The amount of energy the customer actually consumed during the event period.
Load Reduction – The mathematical difference between the baseline and the actual use.

Baseline Demand – Actual Demand = Load Reduction

Figure 1:  Relationship between Baseline, Actual Usage, and Load Reduction 
[image: image2.emf]Demand Response Event and Baseline
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Many DR programs base incentives on whether a customer curtailed during the event and if so, how much they curtailed.  The calculation of the baseline is a critical piece of these particular programs.   If the baseline for a customer is calculated too high, the electric utility would end up paying out more for the incentive.  If the baseline is too low, less or no load reduction would be recorded, which could lead to customers not being willing to participate in future DR events.  Therefore, it is in the best interest of both the utilities and the customers to have as accurate a baseline estimation as possible.

Two common techniques for calculating baselines are day matching and regression analysis.  Day matching consists of taking a short historical time period (which can be anywhere from one week to sixty days in length) and attempting to match what the usage for an event day would have been based on the usage during the historical period chosen.  This usually involves choosing a subset of days from the historical period and averaging them with an adjustment for the current day’s conditions added in.  Regression analysis simply involves using statistical regression methods to create a model.
When first looking at creating a baseline methodology, it becomes apparent that different classes of customers have very different characteristics.  Residential and small commercial customers tend to have very similar and consistent loads.  Therefore, both regression and day matching methodologies work well for these classes of customers.  However, the loads for large commercial and industrial customers vary more based on production, demand, weather, etc., with the possibility that the variables of consequence for one customer may be very different from another.  Therefore, a successful regression model would need to model each customer individually.  This would be extremely time-consuming and resource intensive for areas with a large number of this type of customer.
There are examples of successful regression and day-matching models for residential and small commercial customers that are within a 5% error margin.  Therefore, the focus of this paper will be to explore different day-matching models for large commercial and industrial customers while keeping the following two goals in mind.  

Goal:

Present a rigorous statistical analysis that compares a variety of baseline calculation methods that are already commonly used for large commercial and industrial customers.  
Goal:
Develop and present a new model for large commercial and industrial customers, if possible.  
Based on these goals, the first section of this paper will be spent briefly describing the current methods that were chosen to be included in the analysis of this study.  The paper will then shift into the process of developing the new model, which will be followed by statistical analysis comparing all of the methods.

In this paper two sets of data were used.  In Section 2, which describes the current models, the set of data used to illustrate each method consists of the mean hourly interval load data for Detroit Edison’s residential sample for the months of May through September 2006.  The single day chosen as the simulated DR event day was a Wednesday in August 2006 where the maximum temperature reached 95 degrees.  

The set of data used in developing the new model− and in the analysis comparing all of the methods− consisted of the hourly interval load data for Detroit Edison’s large commercial and industrial customers from January 2007 through December 2007.  
SECTION 2: CURRENT MODELS

I. Recursive Day Averaging Model

One of the models considered in the comparative analysis of this paper is a “Recursive Day Averaging Method.”  The initial baseline is created by averaging the first five non-holiday weekdays after the customer has joined a DR program.  Once the initial baseline is set, a new baseline is created each day by taking a weighted average with the old baseline being weighted 90% and the previous day’s usage being weighted 10%. The calculation of the initial baseline is shown in Table 1.  Table 2 illustrates how the daily baseline is calculated once the initial baseline has been created.  
Table 1:  Calculation of the Initial Baseline for the Recursive Day Averaging Method

	 
	Days Averaged to Create Baseline
	 

	Hour
	Day 1 kW
	Day 2 kW
	Day 3 kW
	Day 4 kW
	Day 5 kW
	Customer Baseline 6

	1
	       1.12 
	       1.03 
	       1.14 
	       1.20 
	       1.81 
	            1.26 

	2
	       1.01 
	       0.93 
	       0.98 
	       1.08 
	       1.64 
	            1.13 

	3
	       0.95 
	       0.88 
	       0.92 
	       0.97 
	       1.49 
	            1.04 

	4
	       0.87 
	       0.83 
	       0.88 
	       0.91 
	       1.41 
	            0.98 

	5
	       0.86 
	       0.77 
	       0.83 
	       0.93 
	       1.34 
	            0.95 

	6
	       0.88 
	       0.85 
	       0.83 
	       0.96 
	       1.30 
	            0.97 

	7
	       0.90 
	       0.92 
	       0.89 
	       1.02 
	       1.29 
	            1.00 

	8
	       1.03 
	       1.01 
	       1.04 
	       1.05 
	       1.45 
	            1.11 

	9
	       1.15 
	       0.99 
	       0.99 
	       1.10 
	       1.53 
	            1.15 

	10
	       1.26 
	       1.02 
	       1.09 
	       1.31 
	       1.59 
	            1.25 

	11
	       1.24 
	       1.01 
	       1.10 
	       1.52 
	       1.75 
	            1.32 

	12
	       1.33 
	       1.11 
	       1.14 
	       1.58 
	       1.86 
	            1.40 

	13
	       1.40 
	       1.27 
	       1.23 
	       1.83 
	       2.06 
	            1.56 

	14
	       1.50 
	       1.34 
	       1.39 
	       1.98 
	       2.11 
	            1.66 

	15
	       1.50 
	       1.40 
	       1.47 
	       2.16 
	       2.21 
	            1.75 

	16
	       1.50 
	       1.59 
	       1.62 
	       2.22 
	       2.29 
	            1.84 

	17
	       1.63 
	       1.70 
	       1.76 
	       2.25 
	       2.30 
	            1.93 

	18
	       1.66 
	       1.68 
	       1.75 
	       2.37 
	       2.41 
	            1.97 

	19
	       1.68 
	       1.87 
	       1.89 
	       2.43 
	       2.41 
	            2.06 

	20
	       1.56 
	       1.83 
	       1.75 
	       2.24 
	       2.29 
	            1.93 

	21
	       1.42 
	       1.71 
	       1.71 
	       2.24 
	       2.26 
	            1.87 

	22
	       1.55 
	       1.76 
	       1.71 
	       2.34 
	       2.37 
	            1.94 

	23
	       1.45 
	       1.67 
	       1.65 
	       2.24 
	       2.27 
	            1.86 

	24
	       1.23 
	       1.35 
	       1.45 
	       1.88 
	       1.99 
	            1.58 


Table 2:  Calculation of Daily Baseline
	 
	Previous Baseline
	Current Day
	New

	Hour
	Average kW
	Average kW*.9
	Metered Data kW
	Metered Data kW*.1
	Baseline 

	1
	1.26 
	1.14 
	1.75 
	0.18 
	1.31 

	2
	1.13 
	1.01 
	1.64 
	0.16 
	1.18 

	3
	1.04 
	0.94 
	1.48 
	0.15 
	1.08 

	4
	0.98 
	0.88 
	1.34 
	0.13 
	1.02 

	5
	0.95 
	0.85 
	1.33 
	0.13 
	0.98 

	6
	0.97 
	0.87 
	1.34 
	0.13 
	1.00 

	7
	1.00 
	0.90 
	1.30 
	0.13 
	1.03 

	8
	1.11 
	1.00 
	1.33 
	0.13 
	1.14 

	9
	1.15 
	1.04 
	1.44 
	0.14 
	1.18 

	10
	1.25 
	1.13 
	1.63 
	0.16 
	1.29 

	11
	1.32 
	1.19 
	1.69 
	0.17 
	1.36 

	12
	1.40 
	1.26 
	1.87 
	0.19 
	1.45 

	13
	1.56 
	1.40 
	1.93 
	0.19 
	1.59 

	14
	1.66 
	1.50 
	2.09 
	0.21 
	1.71 

	15
	1.75 
	1.57 
	2.24 
	0.22 
	1.80 

	16
	1.84 
	1.66 
	2.28 
	0.23 
	1.89 

	17
	1.93 
	1.74 
	2.30 
	0.23 
	1.96 

	18
	1.97 
	1.77 
	2.33 
	0.23 
	2.01 

	19
	2.06 
	1.85 
	2.45 
	0.25 
	2.10 

	20
	1.93 
	1.74 
	2.42 
	0.24 
	1.98 

	21
	1.87 
	1.68 
	2.36 
	0.24 
	1.92 

	22
	1.94 
	1.75 
	2.48 
	0.25 
	2.00 

	23
	1.86 
	1.67 
	2.38 
	0.24 
	1.91 

	24
	1.58 
	1.42 
	1.99 
	0.20 
	1.62 


The Recursive Day Averaging model is also paired with a “day of” adjustment consisting of averaging the difference between the baseline and the actual customer load for the two hours prior to the event.  This difference is then added to the baseline during the DR event.  Table 3 illustrates how this adjustment is added.
Table 3: Baseline Adjustment for Recursive Day Averaging Method
	Hour
	Customer Load
	New Baseline
	Adjustment
	Adjusted Baseline
	 
	 

	1
	1.70 
	1.31 
	
	1.31 
	
	 

	2
	1.60 
	1.18 
	
	1.18 
	
	 

	3
	1.50 
	1.08 
	
	1.08 
	
	 

	4
	1.30 
	1.02 
	
	1.02 
	
	 

	5
	1.30 
	0.98 
	
	0.98 
	
	 

	6
	1.30 
	1.00 
	
	1.00 
	
	 

	7
	1.30 
	1.03 
	
	1.03 
	
	 

	8
	1.30 
	1.14 
	
	1.14 
	
	 

	9
	1.40 
	1.18 
	
	1.18 
	[image: image1.emf]SLOPE AVERAGING METHODOLOGY 

FOR BASELINE CALCULATION

(aka SAM)

August 1, 2008

Researched and Written by 

Susan Janiszewski

PhD Student, Emory University

Load Research Group, Intern

DTE Energy Regulatory Affairs

For more information contact:

Mark Williamson

Manager, Detroit Edison Load Research

(313) 235-8712

williamsonm@dteenergy.com


	 

	10
	1.60 
	1.29 
	0.325 
	1.62 
	
	 

	11
	1.70 
	1.36 
	0.325 
	1.69 
	
	 

	12
	1.90 
	1.45 
	0.325 
	1.77 
	
	 

	13
	1.90
	1.59 
	0.325 
	1.92 
	
	 

	14
	2.10 
	1.71 
	0.325 
	2.03 
	
	Adjustment

	15
	2.20 
	1.80 
	0.325 
	2.12 
	
	Period

	16
	2.30 
	1.89 
	0.325 
	2.21 
	
	 

	17
	2.30 
	1.96 
	0.325 
	2.29 
	
	 

	18
	2.30 
	2.01 
	0.325 
	2.33 
	
	 

	19
	2.40 
	2.10 
	0.325 
	2.42 
	
	 

	20
	2.40 
	1.98 
	0.325 
	2.31 
	
	 

	21
	2.30 
	1.92 
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	1.92 
	
	 

	22
	2.40 
	2.00 
	
	2.00 
	
	 

	23
	2.30 
	1.91 
	
	1.91 
	
	 

	24
	2.00 
	1.62 
	
	1.62 
	
	 

	 
	
	
	
	
	
	 

	Hour 10:  1.60 - 1.29 = .31
	
	
	
	
	 

	Hour 11:  1.70 - 1.36=.34
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Figure 2 depicts the original baseline, adjusted baseline, and actual usage for the example above.

Figure 2:  Recursive Day Averaging Method
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II. 25% Average Daily Event Period Usage (ADEPU)
 

There are two different models that average the five days of highest usage in a ten day window.  Where they differ is in how they determine which ten days to take the five days from and how to adjust for the current day’s usage.

One method, which we will call the 25% Average Daily Event Period Usage method, or “25% ADEPU Method”, starts by taking the usage data from two days prior to the proposed event day and adding up the twenty-four hourly demands.  This is referred to as the “average daily event period kWh usage.”  The remainder of the ten day window is filled by taking non-holiday weekdays that have an “average daily event period kWh usage” that is at least 25% of the “average daily event period kWh usage” calculated for the day two days prior to the proposed event day.  This process is shown in Table 4.  The days chosen to create the baseline are the five highest ADEPU days.  For the example below, the five highest ADEPU days from the list of acceptable days are highlighted in Table 4.  

Table 4: 25% ADEPU Method Ten Day Window

	DayOfWeek
	ADEPU
	Acceptable Day
	% of First Day
	GT 25% of Previous Day
	Baseline Window

	Monday
	39.792
	Yes
	N/A
	
	1

	Friday
	31.226
	Yes
	78.47
	Yes
	2

	Thursday
	30.511
	Yes
	76.68
	Yes
	3

	Wednesday
	30.647
	Yes
	77.02
	Yes
	4

	Tuesday
	29.899
	Yes
	75.14
	Yes
	5

	Monday
	26.927
	Yes
	67.67
	Yes
	6

	Friday
	28.995
	Yes
	72.87
	Yes
	7

	Thursday
	29.373
	Yes
	73.82
	Yes
	8

	Wednesday
	28.798
	Yes
	72.37
	Yes
	9

	Tuesday
	32.707
	Yes
	82.19
	Yes
	10


The initial baseline is created by averaging the hourly demand values of the five highest “average daily event period usage” days, which is shown below in Table 5. 
Table 5: Creating the 25% ADEPU Baseline

	
	Days Averaged to Create Baseline
	

	Hour
	07/31/06
	07/18/06
	07/28/06
	07/26/06
	07/27/08
	Customer Baseline

	1
	       1.20 
	       1.34 
	       1.14 
	       1.12 
	       1.03 
	         1.17 

	2
	       1.08 
	       1.18 
	       0.98 
	       1.01 
	       0.93 
	         1.04 

	3
	       0.97 
	       1.07 
	       0.92 
	       0.95 
	       0.88 
	         0.96 

	4
	       0.91 
	       1.00 
	       0.88 
	       0.87 
	       0.83 
	         0.90 

	5
	       0.93 
	       0.97 
	       0.83 
	       0.86 
	       0.77 
	         0.87 

	6
	       0.96 
	       0.97 
	       0.83 
	       0.88 
	       0.85 
	         0.90 

	7
	       1.02 
	       1.02 
	       0.89 
	       0.90 
	       0.92 
	         0.95 

	8
	       1.05 
	       1.06 
	       1.04 
	       1.03 
	       1.01 
	         1.04 

	9
	       1.10 
	       0.99 
	       0.99 
	       1.15 
	       0.99 
	         1.04 

	10
	       1.31 
	       1.12 
	       1.09 
	       1.26 
	       1.02 
	         1.16 

	11
	       1.52 
	       1.22 
	       1.10 
	       1.24 
	       1.01 
	         1.22 

	12
	       1.58 
	       1.23 
	       1.14 
	       1.33 
	       1.11 
	         1.28 

	13
	       1.83 
	       1.39 
	       1.23 
	       1.40 
	       1.27 
	         1.42 

	14
	       1.98 
	       1.63 
	       1.39 
	       1.50 
	       1.34 
	         1.57 

	15
	       2.16 
	       1.62 
	       1.47 
	       1.50 
	       1.40 
	         1.63 

	16
	       2.22 
	       1.74 
	       1.62 
	       1.50 
	       1.59 
	         1.73 

	17
	       2.25 
	       1.80 
	       1.76 
	       1.63 
	       1.70 
	         1.83 

	18
	       2.37 
	       1.80 
	       1.75 
	       1.66 
	       1.68 
	         1.85 

	19
	       2.43 
	       1.87 
	       1.89 
	       1.68 
	       1.87 
	         1.95 

	20
	       2.24 
	       1.82 
	       1.75 
	       1.56 
	       1.83 
	         1.84 

	21
	       2.24 
	       1.60 
	       1.71 
	       1.42 
	       1.71 
	         1.74 

	22
	       2.34 
	       1.59 
	       1.71 
	       1.55 
	       1.76 
	         1.79 

	23
	       2.24 
	       1.46 
	       1.65 
	       1.45 
	       1.67 
	         1.69 

	24
	       1.88 
	       1.22 
	       1.45 
	       1.23 
	       1.35 
	         1.43 


Instead of an additive adjustment, the 25% ADEPU Method utilizes a scalar adjustment.  The adjustment factor is determined by taking the third and fourth hours before the start of the DR event and dividing the average of the actual usage by the average of the predicted usage.  The baseline is then multiplied by this adjustment factor during the hours corresponding to the DR event.  This adjustment method is shown in Table 6.
Table 6: Adjusted 25% ADEPU Method Baseline
	Hour
	Customer Load
	Customer Baseline
	Adjustment
	Adjusted Baseline
	 
	 

	1
	Customer Load
	            1.17 
	
	       1.17 
	
	 

	2
	1.70 
	            1.04 
	
	       1.04 
	
	 

	3
	1.60 
	            0.96 
	
	       0.96 
	
	 

	4
	1.50 
	            0.90 
	
	       0.90 
	
	 

	5
	1.30 
	            0.87 
	
	       0.87 
	
	 

	6
	1.30 
	            0.90 
	
	       0.90 
	
	 

	7
	1.30 
	            0.95 
	
	       0.95 
	
	 

	8
	1.30 
	            1.04 
	
	       1.04 
	
	 

	9
	1.30 
	            1.04 
	
	       1.04 
	
	 

	10
	1.40 
	            1.16 
	
	       1.16 
	
	 

	11
	1.60 
	            1.22 
	
	       1.22 
	
	 

	12
	1.70 
	            1.28 
	          1.30 
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       1.66 
	
	 

	13
	1.90 
	            1.42 
	          1.30 
	       1.85 
	
	 

	14
	1.90
	            1.57 
	          1.30 
	       2.04 
	
	 

	15
	2.10 
	            1.63 
	          1.30 
	       2.12 
	
	 

	16
	2.20 
	            1.73 
	          1.30 
	       2.25 
	
	Adjustment

	17
	2.30 
	            1.83 
	          1.30 
	       2.38 
	
	Period

	18
	2.30 
	            1.85 
	          1.30 
	       2.40 
	
	 

	19
	2.30 
	            1.95 
	          1.30 
	       2.53 
	
	 

	20
	2.40 
	            1.84 
	          1.30 
	       2.39 
	
	 

	21
	2.40 
	            1.74 
	[image: image68.bmp]

	       2.25 
	
	 

	22
	2.30 
	            1.79 
	
	       1.79 
	
	 

	23
	2.40 
	            1.69 
	
	       1.69 
	
	 

	24
	2.30 
	            1.43 
	
	       1.43 
	
	 

	 
	2.00
	
	
	
	
	 

	Customer Baseline Average of Hours 8&9
	(1.04 + 1.04)/2 = 1.04

	Customer Load Average of Hours 8&9
	(1.30 + 1.40)/2 = 1.35

	Adjustment 
	 
	[image: image69.bmp] 
	1.35/1.04 = 1.30
	 


Figure 3 below shows the original baseline, adjusted baseline, and actual usage for this customer using the 25% ADEPU Method.
Figure 3:  25% ADEPU Baseline
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III. ADEPU Ratio

The other method that averages the five highest usage days in a ten day window, which we will call the “ADEPU Ratio” Method, chooses the ten days in a different manner.  Starting two days before the proposed event day, the ten most recent non-holiday weekdays are chosen.  An “average daily event period usage” is calculated for each of these ten days.  These ADEPUs are then averaged to determine the “average daily event period level” or ADEPL.  Any day which has an ADEPU that is less than 75% of the ADEPL is thrown out and replaced with the next most recent non-holiday weekday.  This process is repeated until there is a sample of ten days for which the ADEPU is at least 75% of the ADEPL for each of the days.  Table 7 shows the ADEPU and ADEPU/ADEPL ratio calculation for the first set of ten days.  
Table 7:  ADEPU/ADEPL Calculation

	Date
	Day Of Week
	Average Daily Event Period Usage (ADEPU)
	ADEPU/ADEPL
	Acceptable Day

	07/31/06
	Monday
	39.792
	1.307
	Yes

	07/28/06
	Friday
	31.226
	1.026
	Yes

	07/27/06
	Thursday
	30.511
	1.002
	Yes

	07/26/06
	Wednesday
	30.647
	1.007
	Yes

	07/25/06
	Tuesday
	29.899
	0.982
	Yes

	07/24/06
	Monday
	22.527
	0.740
	No

	07/21/06
	Friday
	28.995
	0.952
	Yes

	07/20/06
	Thursday
	29.373
	0.965
	Yes

	07/19/06
	Wednesday
	28.798
	0.946
	Yes

	07/18/06
	Tuesday
	32.707
	1.074
	Yes

	Average Daily Event Period Level (ADEPL)
	30.448
	 
	 


Notice that one day in Table 7 did not have an ADEPU/ADEPL ratio greater than 75%.  This day was removed from the sample and replaced with the next most recent day, which is depicted in Table 8.  The ADEPU/ADEPL ratios are all greater than 75% in Table 8, so the historic window used to calculate the baseline will consist of those ten days.  The baseline is then created by averaging the hourly demands of the five highest ADEPU days in this ten day period.  The five highest ADEPU days are highlighted in Table 8.

Table 8:  ADEPU Ratio Method 10 Day Window

	Date
	Day Of Week
	Average Daily Event Period Usage (ADEPU)
	ADEPU/ADEPL
	Acceptable Day

	07/31/06
	Monday
	39.792
	1.307
	Yes

	07/28/06
	Friday
	31.226
	1.026
	Yes

	07/27/06
	Thursday
	30.511
	1.002
	Yes

	07/26/06
	Wednesday
	30.647
	1.007
	Yes

	07/25/06
	Tuesday
	29.899
	0.982
	Yes

	07/21/06
	Friday
	28.995
	0.952
	Yes

	07/20/06
	Thursday
	29.373
	0.965
	Yes

	07/19/06
	Wednesday
	28.798
	0.946
	Yes

	07/18/06
	Tuesday
	32.707
	1.074
	Yes

	07/17/06
	Monday
	40.264
	1.250
	Yes

	Average Daily Event Period Level (ADEPL)
	32.221
	 
	 


The hourly demand values of five highest ADEPU days in the 10 day window are averaged to create the customer baseline, shown in Table 9.
Table 9: Creating the ADEPU Ratio Baseline

	
	Days Averaged to Create Baseline
	

	Hour
	07/17/06
	07/31/06
	07/18/06
	07/28/06
	07/26/06
	Baseline

	1
	         1.49 
	         1.20 
	          1.34 
	       1.14 
	       1.12 
	           1.26 

	2
	         1.46 
	         1.08 
	          1.18 
	       0.98 
	       1.01 
	           1.14 

	3
	         1.29 
	         0.97 
	          1.07 
	       0.92 
	       0.95 
	           1.04 

	4
	         1.21 
	         0.91 
	          1.00 
	       0.88 
	       0.87 
	           0.97 

	5
	         1.11 
	         0.93 
	          0.97 
	       0.83 
	       0.86 
	           0.94 

	6
	         1.08 
	         0.96 
	          0.97 
	       0.83 
	       0.88 
	           0.95 

	7
	         1.10 
	         1.02 
	          1.02 
	       0.89 
	       0.90 
	           0.99 

	8
	         1.18 
	         1.05 
	          1.06 
	       1.04 
	       1.03 
	           1.07 

	9
	         1.29 
	         1.10 
	          0.99 
	       0.99 
	       1.15 
	           1.10 

	10
	         1.46 
	         1.31 
	          1.12 
	       1.09 
	       1.26 
	           1.25 

	11
	         1.61 
	         1.52 
	          1.22 
	       1.10 
	       1.24 
	           1.34 

	12
	         1.65 
	         1.58 
	          1.23 
	       1.14 
	       1.33 
	           1.39 

	13
	         1.68 
	         1.83 
	          1.39 
	       1.23 
	       1.40 
	           1.51 

	14
	         1.94 
	         1.98 
	          1.63 
	       1.39 
	       1.50 
	           1.69 

	15
	         2.00 
	         2.16 
	          1.62 
	       1.47 
	       1.50 
	           1.75 

	16
	         2.01 
	         2.22 
	          1.74 
	       1.62 
	       1.50 
	           1.82 

	17
	         2.02 
	         2.25 
	          1.80 
	       1.76 
	       1.63 
	           1.89 

	18
	         2.23 
	         2.37 
	          1.80 
	       1.75 
	       1.66 
	           1.96 

	19
	         2.22 
	         2.43 
	          1.87 
	       1.89 
	       1.68 
	           2.02 

	20
	         2.29 
	         2.24 
	          1.82 
	       1.75 
	       1.56 
	           1.93 

	21
	         2.03 
	         2.24 
	          1.60 
	       1.71 
	       1.42 
	           1.80 

	22
	         2.18 
	         2.34 
	          1.59 
	       1.71 
	       1.55 
	           1.87 

	23
	         2.07 
	         2.24 
	          1.46 
	       1.65 
	       1.45 
	           1.77 

	24
	         1.64 
	         1.88 
	          1.22 
	       1.45 
	       1.23 
	           1.48 


The ADEPU Ratio Method also used a scalar adjustment factor.   For this adjustment the second and third hours prior to the start of the event period were averaged instead of the third and fourth hours prior. The calculation of this adjustment is shown in Table 10.  

Table 10:  ADEPU Ratio Adjustment

	Hour
	Customer Load
	Calculated Baseline
	Adjustment
	Adjusted Baseline
	 
	 

	1
	Customer Load
	         1.26 
	
	1.26 
	
	 

	2
	1.70 
	         1.14 
	
	1.14 
	
	 

	3
	1.60 
	         1.04 
	
	1.04 
	
	 

	4
	1.50 
	         0.97 
	
	0.97 
	
	 

	5
	1.30 
	         0.94 
	
	0.94 
	
	 

	6
	1.30 
	         0.95 
	
	0.95 
	
	 

	7
	1.30 
	         0.99 
	
	0.99 
	
	 

	8
	1.30 
	         1.07 
	
	1.07 
	
	 

	9
	1.30 
	         1.10 
	
	1.10 
	
	 

	10
	1.40 
	         1.25 
	
	1.25 
	
	 

	11
	1.60 
	         1.34 
	
	1.34 
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	12
	1.70 
	         1.39 
	1.33
	       1.84 
	
	 

	13
	1.90 
	         1.51 
	1.33
	       2.00 
	
	 

	14
	1.90
	         1.69 
	1.33
	       2.24 
	
	 

	15
	2.10 
	         1.75 
	1.33
	       2.33 
	
	 

	16
	2.20 
	         1.82 
	1.33
	       2.42 
	
	Adjustment

	17
	2.30 
	         1.89 
	1.33
	       2.52 
	
	Period

	18
	2.30 
	         1.96 
	1.33
	       2.61 
	
	 

	19
	2.30 
	         2.02 
	1.33
	       2.68 
	
	 

	20
	2.40 
	         1.93 
	1.33
	       2.57 
	
	 

	21
	2.40 
	         1.80 
	

	1.80 
	
	 

	22
	2.30 
	         1.87 
	
	1.87 
	
	 

	23
	2.40 
	         1.77 
	
	1.77 
	
	 

	24
	2.30 
	         1.48 
	
	1.48 
	
	 

	 
	
	             -   
	
	
	
	 

	Customer Baseline Average of Hours 9&10
	
	(1.06 + 1.20)/2 = 1.13

	Customer Load Average of Hours 9&10
	
	(1.40 + 1.60)/2 = 1.50

	Weather Adjustment Factor 
	 
	 
	1.50/1.13 = 1.33 = 33%


Figure 4 shows the baseline, adjusted baseline, and actual usage for this method.

Figure 4: ADEPU Ratio Method
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IV. 3 Day Average

One of the simpler methods available is the “3 Day Average” Method.  This method looks at the previous ten non-holiday weekdays and averages the three with the highest energy usage.   The process to choose these three days is illustrated in Table 11, with the creation of the baseline shown in Table 12.
Table 11: 3 Highest Energy Usage Days

	Date
	Day Of Week
	Energy Use
	3 Highest Days

	8/1/2006
	Tuesday
	45.395
	1

	7/31/2006
	Monday
	39.792
	2

	7/28/2006
	Friday
	31.226
	3

	7/27/2006
	Thursday
	30.511
	 

	7/26/2006
	Wednesday
	30.647
	 

	7/25/2006
	Tuesday
	29.899
	 

	7/24/2006
	Monday
	26.927
	 

	7/21/2006
	Friday
	28.995
	 

	7/20/2006
	Thursday
	29.373
	 

	7/19/2006
	Wednesday
	28.798
	 


Table 12: Creation of 3 Day Average Baseline

	
	Days Averaged to Create Baseline
	

	Hour
	08/01/06
	07/31/06
	07/28/06
	Baseline

	1
	          1.81 
	          1.20 
	         1.14 
	       1.38 

	2
	          1.64 
	          1.08 
	         0.98 
	       1.23 

	3
	          1.49 
	          0.97 
	         0.92 
	       1.13 

	4
	          1.41 
	          0.91 
	         0.88 
	       1.07 

	5
	          1.34 
	          0.93 
	         0.83 
	       1.03 

	6
	          1.30 
	          0.96 
	         0.83 
	       1.03 

	7
	          1.29 
	          1.02 
	         0.89 
	       1.07 

	8
	          1.45 
	          1.05 
	         1.04 
	       1.18 

	9
	          1.53 
	          1.10 
	         0.99 
	       1.21 

	10
	          1.59 
	          1.31 
	         1.09 
	       1.33 

	11
	          1.75 
	          1.52 
	         1.10 
	       1.46 

	12
	          1.86 
	          1.58 
	         1.14 
	       1.52 

	13
	          2.06 
	          1.83 
	         1.23 
	       1.71 

	14
	          2.11 
	          1.98 
	         1.39 
	       1.83 

	15
	          2.21 
	          2.16 
	         1.47 
	       1.95 

	16
	          2.29 
	          2.22 
	         1.62 
	       2.04 

	17
	          2.30 
	          2.25 
	         1.76 
	       2.11 

	18
	          2.41 
	          2.37 
	         1.75 
	       2.17 

	19
	          2.41 
	          2.43 
	         1.89 
	       2.24 

	20
	          2.29 
	          2.24 
	         1.75 
	       2.09 

	21
	          2.26 
	          2.24 
	         1.71 
	       2.07 

	22
	          2.37 
	          2.34 
	         1.71 
	       2.14 

	23
	          2.27 
	          2.24 
	         1.65 
	       2.05 

	24
	          1.99 
	          1.88 
	         1.45 
	       1.77 


The 3 Day Average Method does not include a “day of” adjustment.  The statistical analyses provided in later sections illustrates that this method is as accurate as some methods that do contain an adjustment.  However, based on the research for this paper, it cannot definitely be said whether this method would benefit from adding an adjustment of some sort.  
Figure 5 depicts the actual usage for the customer on an event day and the baseline calculated using the 3 Day Average Method.

Figure 5:  3 Day Average Method
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V. 90+ Degree Day

The last method discussed in this paper is the “90+ Degree Day” Method.  This method creates a baseline by averaging all of the days from May through September that had a maximum temperature of at least 90 degrees.  The reasoning behind the development of this method is that a DR event is likely to be called on extremely hot days when customers are running air conditioning units.  Table 13 shows the list of days with maximum temperatures greater than 90 degrees between May 2006 and August 2006.  

Table 13:  List of Days with Temperature Greater than 90 Degrees
	Date
	Maximum Temperature

	08/02/06
	95

	08/01/06
	96

	07/31/06
	95

	07/17/06
	92


Table 14 then shows the hourly usages for all days with maximum temperature greater than 90 degrees.  The baseline is calculated by averaging the hourly demand values.  
Table 14:  Baseline Calculation for 90+ Degree Day Method
	 
	Days Averaged to Create Baseline
	 

	Hour
	08/02/06
	08/01/06
	07/31/06
	07/17/06
	Baseline

	1
	       1.75 
	       1.81 
	       1.20 
	       1.49 
	       1.56 

	2
	       1.64 
	       1.64 
	       1.08 
	       1.46 
	       1.45 

	3
	       1.48 
	       1.49 
	       0.97 
	       1.29 
	       1.31 

	4
	       1.34 
	       1.41 
	       0.91 
	       1.21 
	       1.22 

	5
	       1.33 
	       1.34 
	       0.93 
	       1.11 
	       1.18 

	6
	       1.34 
	       1.30 
	       0.96 
	       1.08 
	       1.17 

	7
	       1.30 
	       1.29 
	       1.02 
	       1.10 
	       1.18 

	8
	       1.33 
	       1.45 
	       1.05 
	       1.18 
	       1.25 

	9
	       1.44 
	       1.53 
	       1.10 
	       1.29 
	       1.34 

	10
	       1.63 
	       1.59 
	       1.31 
	       1.46 
	       1.50 

	11
	       1.69 
	       1.75 
	       1.52 
	       1.61 
	       1.64 

	12
	       1.87 
	       1.86 
	       1.58 
	       1.65 
	       1.74 

	13
	       1.93 
	       2.06 
	       1.83 
	       1.68 
	       1.88 

	14
	       2.09 
	       2.11 
	       1.98 
	       1.94 
	       2.03 

	15
	       2.24 
	       2.21 
	       2.16 
	       2.00 
	       2.15 

	16
	       2.28 
	       2.29 
	       2.22 
	       2.01 
	       2.20 

	17
	       2.30 
	       2.30 
	       2.25 
	       2.02 
	       2.22 

	18
	       2.33 
	       2.41 
	       2.37 
	       2.23 
	       2.33 

	19
	       2.45 
	       2.41 
	       2.43 
	       2.22 
	       2.38 

	20
	       2.42 
	       2.29 
	       2.24 
	       2.29 
	       2.31 

	21
	       2.36 
	       2.26 
	       2.24 
	       2.03 
	       2.22 

	22
	       2.48 
	       2.37 
	       2.34 
	       2.18 
	       2.34 

	23
	       2.38 
	       2.27 
	       2.24 
	       2.07 
	       2.24 

	24
	       1.99 
	       1.99 
	       1.88 
	       1.64 
	       1.87 


The “day of” adjustment paired with this method is the same as the “day of” adjustment used with the Recursive Day Averaging Method.  This adjustment is an additive adjustment that averages the two hours prior to the start of the DR event.  The calculation of the adjusted baseline is shown in Table 15.  

Table 15:  Calculation of the Adjusted 90+ Degree Day Baseline

	Hour
	Customer Load
	New Baseline
	Adjustment
	Adjusted Baseline
	
	

	1
	Customer Load
	1.56 
	
	1.56 
	
	

	2
	1.70 
	1.45 
	
	1.45 
	
	

	3
	1.60 
	1.31 
	
	1.31 
	
	

	4
	1.50 
	1.22 
	
	1.22 
	
	

	5
	1.30 
	1.18 
	
	1.18 
	
	

	6
	1.30 
	1.17 
	
	1.17 
	
	

	7
	1.30 
	1.18 
	
	1.18 
	
	

	8
	1.30 
	1.25 
	
	1.25 
	
	

	9
	1.30 
	1.34 
	
	1.34 
	
	

	10
	1.40 
	1.50 
	0.080 
	1.58 
	
	

	11
	1.60 
	1.64 
	0.080 
	1.72 
	
	

	12
	1.70 
	1.74 
	0.080 
	1.82 
	
	

	13
	1.90 
	1.88 
	0.080 
	1.96 
	
	

	14
	1.90
	2.03 
	0.080 
	2.11 
	
	Adjustment

	15
	2.10 
	2.15 
	0.080 
	2.23 
	
	Period

	16
	2.20 
	2.20 
	0.080 
	2.28 
	
	

	17
	2.30 
	2.22 
	0.080 
	2.30 
	
	

	18
	2.30 
	2.33 
	0.080 
	2.41 
	
	

	19
	2.30 
	2.38 
	0.080 
	2.46 
	
	

	20
	2.40 
	2.31 
	0.080 
	2.39 
	
	

	21
	2.40 
	2.22 


	
	2.22 
	
	

	22
	2.30 
	2.34 
	
	2.34 
	
	

	23
	2.40 
	2.24 
	
	2.24 
	
	

	24
	2.30 
	1.87 
	
	1.87 
	
	

	
	
	
	
	
	
	

	Hour 10:  1.60 - 1.50 = .1
	
	
	
	
	

	Hour 11:  1.70 - 1.64 = .06
	
	
	
	
	

	Adjustment - .1+.06 = .16/2 = .08
	
	
	
	


Figure 6 shows the adjusted baseline, along with the original baseline and the actual usage.

Figure 6:  90+ Degree Day Method
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For more information on the above methods and greater detail on the calculated examples please refer to “Evaluating Baselines for Demand Response Programs.”
 
SECTION 3: ATTEMPTED MODELS

Another goal of this study is to develop a model that takes into account variables other than energy usage and weekdays to compare with the models already in use.  The two main variables of interest were temperature and slope of the load curve.  
GOAL:

Develop a model that takes into account variables other than energy usage and weekdays.

The idea of temperature being a variable of interest came about naturally due to the existence of weather sensitive and non-weather sensitive customers.  Examples of weather and non-weather sensitive customers can be seen in Figures 7 and 8.  In both figures, the blue line represents the average load of all days with maximum temperature between 65 and 75 degrees.  The red line represents the average load of all days with maximum temperature greater than 85 degrees.  

Figure 7: Example of a Weather Sensitive Customer
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Figure 7 is a load profile of a large office building.  The difference in the load profiles of a 70 degree day and an 85+ degree day is most likely due to the use of air conditioning.  However, the customer represented in Figure 8 is an auto part manufacturing facility and most likely does not run air conditioning.  The electricity they do consume is for things such as machinery and lights, and these would run regardless of the temperature outside, making this a prime example of a non-weather sensitive customer.

Figure 8 Example of a Non-Weather Sensitive Customer
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GOAL:

Either develop two models, one for weather sensitive customers and one for non-weather sensitive customers, or develop one model that takes into account the differences between these types of customers.

Figure 9 illustrates the idea behind slope of the load curve being a variable of interest.  As is evidenced in the picture, the slope during the adjustment period can cause the “day of” adjustment to over adjust the baseline for certain customers.  It was suspected that including slope as a variable in the model would lessen or eliminate over adjustments due to the slope during the adjustment period and possibly eliminate the need for an adjustment altogether.

GOAL:

Use slope of the load curve to either eliminate over adjustments attributable to the “day of” adjustment or eliminate the need for an adjustment altogether.

Figure 9:  Slope of a Load Curve Affecting the Day of Adjustment


[image: image10]
Since one of the main focuses of this study is to develop a model that will work during the summer months, three proxy DR event days were chosen from the set of days in 2007 whose maximum temperature exceeded 85 degrees.  These days were June 18, July 10, and August 1. A random sample of 30 industrial customers was then obtained to model on each of these days.  Of these 30, 22 of them had interval data surrounding all three simulated DR days.  The remaining eight had did not have data for 2007.
Since temperature is a variable of interest, two load curves were created for each customer with one being the average usage on a 65 degree day and the other being the average usage on a day where the high temperature was over 85 degrees.  It was determined that of the 22 customers, 14 demonstrated a difference between the 65 degree load profile and the 85+ degree load profile and were deemed weather sensitive.  The other 8 were considered not weather sensitive.
The first test method attempted to adjust for both slope and temperature.  Data was obtained for the five non-holiday weekdays closest to the simulated DR event day.  From that data, a percent increase from one hour to the next was calculated for each hour of each day.  These values were averaged to obtain an average percent increase for each hour.  The model was tested with start times at 08:00, 09:00, or 10:00 since these were the hours most commonly used for the adjustment periods associated with the other models being used.  Looking at the whole model enabled it to be a forecast for the entire day’s usage.  To forecast a DR event period, just those hours could be utilized.  The model could also be modified to start at any time during the day.  For the model starting at 08:00, a starting value was obtained by averaging the 08:00 hourly demand value from the “same-type” weekdays of the previous two weeks.  For example, Mondays tend to look different than the other days of the week, so if the DR event occurred on a Monday the values averaged would be the 08:00 demand for the past two Mondays.  Likewise, Tuesdays, Wednesdays, and Thursdays tend to look alike, and Fridays tend to be different than the other weekdays.  Once the start value was obtained, the baseline was created by multiplying the previous hour’s baseline value by the corresponding percentage change to get the change from the previous hour to the present hour.  
For the temperature sensitive customers, an adjustment based solely on temperature was devised and applied.  For each hour, the average temperature over the last five days was calculated.  The temperature adjustment consisted of multiplying each baseline value by the ratio of the predicted high temperature for the hour to the average temperature for the corresponding hour.
This method had several downfalls.  One of the biggest downfalls was that some of the weather sensitive customers were modeled more accurately without the temperature adjustment while others were modeled more accurately with the temperature adjustment, as evidenced in Figure 10.  Surprisingly, the same was true for the customers who were not weather sensitive.  
Figure 10: Examples of First Attempted Model with and without Temperature Adjustments
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Also, it was hard to find a consistent starting time for the model.  Some customers’ baselines matched the actual usage very well for one start time and not the others, and no time worked for all customers.  An example of this can be found in Figure 11.  As is evidenced in the figure, starting the model at 08:00 modeled this customer most accurately.  As the starting time was pushed later in the day, the model became less accurate.  Figure 12 shows a customer where the opposite is true, with the later start times providing a more accurate model.  
Figure 11: Customer Modeled Better with Early Start Time
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Figure 12:  Customer Modeled Better with Later Start Time
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The inconsistency of the temperature adjustment and start time for this model would imply that research on each customer would need to be done to determine which version of this model would apply the best.  This would make a model of this sort nearly impossible to automate and implement.

Another drawback is that the usage of percentages caused many models to predict baselines that were extremely high and almost no baselines were predicted low.  The lack of a “day of” adjustment that worked well with the model compounded the fact that this particular model was not as accurate as models already in existence.
To further explore the idea of weather sensitivity, the weather adjustment from the previous method was applied to a baseline created by averaging the hourly usages of the previous five non-holiday business days.  Obviously, this method did not work for the customers that were not weather sensitive.  However, it also did not work well for the customers that were weather sensitive.  The adjustment factor tended to overcompensate for the effect of weather and create baselines that were too high.  This tendency is illustrated in Figure 13, which shows two different weather sensitive customers whose baselines were overestimated by this temperature factor.
Figure 13:  Examples of Weather Sensitive Customers whose Baselines were Overestimated by Temperature Factors
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After the previous two methods, the conclusion was made that it would be best to find a model that took weather sensitivity into account without having a separate factor used to multiply the baselines of the weather sensitive customers.  It was determined that taking a “day of” reading and using that to adjust the baseline might work better than a purely temperature based adjustment.  

Also, it was determined that using the percent increase from hour to hour tended to result in too much of an increase per hour.  Upon observation, it was noted that for many customers the actual usage for a given hour might vary from one day to the next.  However, it appeared that the slope between two consecutive hours remained fairly constant from day to day.  This led to the exploration into finding a method that created a baseline from averaging slopes instead of averaging hourly demands or using percentage increases.  
The first model that utilized the idea of averaging slopes involved calculating the average slope for each hour using data from the previous five non-holiday weekdays.  For a DR event starting at 13:00, the value from the previous hour was used as a starting point and the baseline was determined by adding the average slope value for each corresponding hour.  The method for determining average slope is explained in detail in Section 4 where the SAM model is discussed.  
Table 17 below depicts the method for the “day of” adjustment.”  A scalar “day of” adjustment was used, which consisted of multiplying the baseline by the ratio of the actual measured slope from the two hours before the even to the historical average slope for the two hours before the event.  

Table 17: Scalar Adjustment for Averaging Slopes Method

	Hour
	Customer Load
	Avg Slope Previous 5 Days
	Calculated Baseline
	Adjustment
	Avg. Slope with Adjustment Factor
	Adjusted Baseline

	11
	167
	0
	
	
	
	

	12
	162
	10.8
	
	
	
	

	13
	161.5
	0
	    161.50 
	-0.509
	0
	161.5

	14
	191
	14.1
	    175.60 
	-0.509
	-7.1769
	168.4231

	15
	179.5
	2.3
	    177.90 
	-0.509
	-1.1707
	176.7293

	16
	186
	-0.9
	    177.00 
	-0.509
	0.4581
	177.4581

	17
	183
	2.1
	    179.10 
	-0.509
	-1.0689
	178.0311

	18
	177.5
	-0.7
	    178.40 
	-0.509
	0.3563
	178.7563

	19
	176
	3.2
	    181.60 
	-0.509
	-1.6288
	179.9712

	20
	175.5
	-0.3
	    181.30 
	-0.509
	0.1527
	181.4527

	21
	165.5
	-17
	    164.30 
	-0.509

	8.653
	172.953

	22
	160.5
	-6.5
	    157.80 
	-0.509
	3.3085
	161.1085

	23
	153
	-7.8
	    150.00 
	-0.509
	3.9702
	153.9702

	24
	148.5
	
	
	
	
	

	 
	
	
	
	
	
	

	Current Day's Slope from 11-1
	
	
	
	     161.5-167=-5.5

	Average Slope from 11-1 of Previous 5 Days
	
	      0 + 10.8 = 10.8

	Weather Adjustment Factor 
	 
	 
	 
	     -5.5/10.8 = -0.509


For this first model using averaging slopes, it was apparent from the data obtained from the baselines without the adjustments that some sort of an adjustment was needed.  It was also apparent that the scalar adjustment involving slopes caused the model to overestimate many of the baselines, as evidenced by Figure 14.  This was mainly because several customers had unusually high slopes during the time that the adjustment data was taken.  This caused the whole model to be multiplied by an extremely large adjustment factor.  
Figure 14:  Baseline Overestimated by Scalar Adjustment
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Since this scalar adjustment was too high for almost all customers, it was thought that either a scalar adjustment that wasn’t taken during the same part of the day where the model was started or an additive adjustment might be more accurate.  This led to the “Slope Averaging Method,” or SAM,   discussed in the next section, which includes a built-in additive adjustment.   

SECTION 4: SAM MODEL
I.  Methodology
Based on the knowledge obtained through the exploration of the methods in the previous section, it was thought that a method that averaged slopes could be effective.  A method was devised that averaged slopes and also had an additive adjustment built in, eliminating the need for calculating a baseline and then recalculating it with a “day of” adjustment.  This method is referred to as the “Slope Averaging Method” or SAM.

SAM is designed to model DR event periods that occur on weekdays.  While it is possible for a DR event to be called on the weekend, it is generally assumed that many businesses and industries are closed on Saturdays and Sundays.  This greatly reduces the need for DR on the weekend.  While this study did not explore how successful any of the models were when it came to modeling weekend days, it is still of interest as a topic to study in the future.

SAM uses data from the previous five non-holiday weekdays.  For each of these days, the difference (slope) between each pair of consecutive hours was determined.  These slopes were averaged to obtain an average slope for each hour.  
For example, Table 18 contains the hourly usage data for the five non-holiday weekdays preceding a mock DR event day.  To calculate the slope from hour 1 to hour 2, subtract the hourly demand value of hour 1 from the hourly demand value of hour 2 (as noted by the calculation labeled A.)  This value is then placed in the cell corresponding to hour 2 in the table containing the hourly slopes, which is Table 19.  Table 19 also contains the average hourly slope, which is obtained by averaging the hourly slopes from the previous five days.

Table 18:  Hourly Usage for Five Previous Non-Holiday Weekends

	Hour
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5

	1
	411.5
	414
	421
	434.5
	414

	2
	407
	411
	423
	434.5
	415

	3
	405
	415
	416.5
	431
	415

	4
	405.5
	414
	421.5
	424.5
	417.5

	5
	394.5
	401.5
	438.5
	444.5
	429

	6
	411
	406.5
	535.5
	568.5
	506

	7
	492.5
	488.5
	573
	580
	593

	8
	598
	603
	614.5
	607
	615.5

	9
	638.5
	632.5
	645
	658
	647

	10
	657.5
	668.5
	667
	678
	663

	11
	669.5
	679
	680
	689.5
	671

	12
	686
	682
	687
	694
	684

	13
	688
	686.5
	690.5
	710.5
	677

	14
	676.5
	695
	704
	705.5
	682

	15
	684
	692
	687
	700.5
	674

	16
	665.5
	682
	678.5
	693
	676

	17
	649.5
	667
	672.5
	678.5
	664.5

	18
	623
	644
	648.5
	659
	635

	19
	610
	612
	624
	629
	621

	20
	538.5
	537.5
	535.5
	533.5
	546

	21
	441.5
	442
	445
	443.5
	451.5

	22
	438.5
	432.5
	444.5
	430.5
	437

	23
	426.5
	426.5
	449
	427.5
	434

	24
	415
	420
	438.5
	422.5
	435.5








Table 19:  Slopes for Five Previous Non-Holiday Weekends

	Hour
	Day 1 Slopes
	Day 2 Slopes
	Day 3 Slopes
	Day 4 Slopes
	Day 5 Slopes
	Average Slope

	1
	 
	 
	 
	 
	 
	 

	2
	-4.5
	-3
	2
	0
	1
	-0.9

	3
	-2
	4
	-6.5
	-3.5
	0
	-1.6

	4
	0.5
	-1
	5
	-6.5
	2.5
	0.1

	5
	-11
	-12.5
	17
	20
	11.5
	5

	6
	16.5
	5
	97
	124
	77
	63.9

	7
	81.5
	82
	37.5
	11.5
	87
	59.9

	8
	105.5
	114.5
	41.5
	27
	22.5
	62.2

	9
	40.5
	29.5
	30.5
	51
	31.5
	36.6

	10
	19
	36
	22
	20
	16
	22.6

	11
	12
	10.5
	13
	11.5
	8
	11

	12
	16.5
	3
	7
	4.5
	13
	8.8

	13
	2
	4.5
	3.5
	16.5
	-7
	3.9

	14
	-11.5
	8.5
	13.5
	-5
	5
	2.1

	15
	7.5
	-3
	-17
	-5
	-8
	-5.1

	16
	-18.5
	-10
	-8.5
	-7.5
	2
	-8.5

	17
	-16
	-15
	-6
	-14.5
	-11.5
	-12.6

	18
	-26.5
	-23
	-24
	-19.5
	-29.5
	-24.5

	19
	-13
	-32
	-24.5
	-30
	-14
	-22.7

	20
	-71.5
	-74.5
	-88.5
	-95.5
	-75
	-81

	21
	-97
	-95.5
	-90.5
	-90
	-94.5
	-93.5

	22
	-3
	-9.5
	-0.5
	-13
	-14.5
	-8.1

	23
	-12
	-6
	4.5
	-3
	-3
	-3.9

	24
	-11.5
	-6.5
	-10.5
	-5
	1.5
	-6.4


The average slopes are used to determine two preliminary curves.  Preliminary Curve 1 consists of taking the measured usage two hours prior to the DR event and then adding the average slope values to the model at each hour.  Preliminary Curve 2 is the same as the first, with the starting value being the measured usage one hour prior to the DR event.  The final model is obtained by averaging the hourly values of the previous two curves.  

For the customer from Tables 18 and 19, the measured values for the hours 11:00-12:00 and 12:00-13:00 on the day of the DR event were both 737kW.  The calculation of Preliminary Curves 1 and 2 are shown in Tables 20 and 21, respectively.  

Table 20:  Calculation of Preliminary Curve 1

	Hour
	Average Slope
	Calculation
	Preliminary Curve 1

	12
	 
	737
	737

	13
	3.9
	737 + 3.9 =
	740.9

	14
	2.1
	740.9 + 2.1 =
	743

	15
	-5.1
	743 - 5.1 =
	737.9

	16
	-8.5
	737.9 - 8.5 =
	729.4

	17
	-12.6
	729.4 - 12.6 =
	716.8

	18
	-24.5
	716.8 -24.5 =
	692.3

	19
	-22.7
	692.3 - 22.7 =
	669.6

	20
	-81
	669.6 - 81 =
	588.6

	21
	-93.5
	588.6 - 93.5 =
	495.1


Table 21:  Calculation of Preliminary Curve 2
	Hour
	Average Slope
	Calculation
	Preliminary Curve 2

	13
	 
	737
	737

	14
	2.1
	737 + 2.1 =
	739.1

	15
	-5.1
	739.1 - 5.1 =
	734

	16
	-8.5
	734 - 8.5 =
	725.5

	17
	-12.6
	725.5 - 12.6 =
	712.9

	18
	-24.5
	712.9 -24.5 =
	688.4

	19
	-22.7
	688.4 - 22.7 =
	665.7

	20
	-81
	665.7 - 81 =
	584.7

	21
	-93.5
	584.7 - 93.5 =
	491.2


The two preliminary curves are then averaged to create the final SAM model.  Table 22 shows this calculation for an eight hour DR event starting at 13:00.  The actual usage for the proxy DR day can also be found in the last column of Table 22.
Table 22: SAM Method with a 13:00 Start

	Hour
	Preliminary Curve 1

A
	Preliminary Curve 2

B
	SAM method with a 13:00 start 
(Average 1&2)

C
	Actual Usage

	12
	737
	
	
	737

	13
	740.9
	737
	738.95
	737

	14
	743
	739.1
	741.05
	748.5

	15
	737.9
	734
	735.95
	732

	16
	729.4
	725.5
	727.45
	725

	17
	716.8
	712.9
	714.85
	706.5

	18
	692.3
	688.4
	690.35
	680.5

	19
	669.6
	665.7
	667.65
	663

	20
	588.6
	584.7
	586.65
	562

	21
	495.1
	491.2
	493.15
	468


Figure 15:  Example of SAM Model Compared with Actual Usage 
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KEY FINDING:

One of the positive things about the slope averaging method is that there is no need for an additional adjustment.  The provision for “day of” conditions is built right into the model, eliminating the need to create an adjustment to the baseline.
II. Adjustments for the Manufacturing Segment
When first developing the slope adjustment model, it was noted that most of the customers that did not fit the model had Standard Industrial Classification (SIC) codes between 2000 and 3999.  Customers with SIC codes in that range are manufacturers.  The original data pool contained six customers that fell into that category.  A sample of 21 additional manufacturing customers was taken to determine if the entire class of manufacturing customers behaved in the same manner as the manufacturing customers in the original sample.  To do this, each customer in the new sample was modeled using SAM.  It was determined that while the SAM model with no adjustments did not model this class of customers well, the SAM model could be modified in such a manner that it did.  Two provisions are added to the SAM model for the manufacturing segment and they combine to greatly reduce the amount of error for these customers.  These provisions are described in the following paragraphs.  The obstacle currently faced is how to automate these provisions, which is necessary if they are to be implemented for a large customer base.

The first provision involves adjusting which days are averaged to get the average slope per hour.  It was observed that the amount of electricity consumed by a manufacturing customer largely depends on the number of shifts during which that customer is producing goods.  A common occurrence was to see a company that ran three shifts Monday through Thursday, but only ran two shifts on Friday.  Also, with the data set used coming from the Detroit area, many manufacturing customers were directly linked to the large automobile manufacturers.  The auto manufacturers shut down for two weeks each summer, and several of the manufacturers that produce parts for the larger manufacturers either shut down or greatly reduced load during this time.   
KEY FINDING:

The amount of electricity consumed by a manufacturing customer largely depends on the number of shifts during which that customer is producing goods.

Based on the observations discussed in the above paragraph, the SAM model for the manufacturing segment was modified to take data only from days that have the same number of shifts as the DR event day is expected to have.  Not including enough days when creating a baseline increases the possibility of gaming, so at least three days must be included when creating a SAM baseline.  
If all five of the preceding non-holiday weekends had the same number of shifts as the potential DR day, then no changes were made to the SAM model.  If four of the five immediately preceding non-holiday weekdays had the same number of shifts, then those four days were used and no other days were added.  
For customers that do not have at least four of the five immediately preceding non-holiday weekdays that match the number of shifts of the proposed DR day, it is necessary to take a larger historical window to obtain enough days for the model.  Due to the fact that the electricity usage of large commercial and industrial customers changes more frequently than small commercial and residential customers, it was thought that two weeks would be an appropriate historical window for these customers.  For these customers, all of the non-holiday weekdays during the two weeks prior to the proposed DR event day were inspected and the five most recent days that contained the desired number of shifts were used to create the model.  In the event that there are not five days during that two week span that contain the right number of shifts, then three or four days can be used.  
As an example, Figure 16 shows the actual usage and baseline curves calculated for a manufacturing customer for a mock DR event on Tuesday, July 10.  This customer ran one fewer shift on Fridays as compared with other weekdays, which contributed to the model without any adjustments predicting the customer’s usage too low during the hours after 16:00.  The baseline created without including Friday in the data set matched the customer usage after 16:00 much more closely.  
Figure 16 Manufacturing Customer Modeled with the Number of Shifts Adjustment
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The second provision involves adjusting the model at closing time.  It was observed that many manufacturing customers that do not operate around the clock tend to shut down at the same time every day.  Once they shut down, their electricity consumption is fairly constant regardless of what day it is or how much they consumed during the time they were open.  The way the slope averaging method is designed enables the model to adjust for extra processes being turned on before the DR event begins.  However, there was no provision for all of these devices being turned off at the end of the day.  For this reason, if a manufacturing customer demonstrated through historical data that they closed at the same time every day, the model switched from the slope averaging method to a strict day averaging method at that closing time.  
KEY FINDING:

Manufacturing customers that do not operate around the clock tend to shut down at the same time every day.  Once they shut down, their electricity consumption is fairly constant regardless of what day it is or how much they consumed during the time they were open.  

Figure 17 shows an example of a customer for which the closing time adjustment greatly reduced the hourly error at the end of the DR event period.  Looking at the load curves for the five days used to create the baseline, it was evident that this particular customer always shut down its machinery at 19:00.  Therefore, slope averaging was used from 13:00 through 18:00.  At 19:00 the model switched from averaging slopes to averaging the actual usage of the days used to create the model.
Figure 17: Manufacturing Customer Modeled with and without the Closing Time Provision.
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One thing to note is that many of the manufacturing customers that belonged to the industrial class did not require either adjustment.  However, almost all the manufacturing customers in the commercial class needed at least one of the above mentioned adjustments.

SECTION 5: STATISTICAL METHODS
I. Discussion of Methods

The data set used to complete the analysis consisted of the hourly data for commercial and industrial customers from January 2007 through December 2007.  Since one of the main focuses of this study was to develop a model that would work during the summer months, three proxy DR event days were chosen from the set of days in 2007 whose maximum temperature exceeded 85 degrees.  These days were June 18, July 10, and August 1.  A baseline was determined for each day using each of the following methods: SAM, Recursive Day Averaging, 25% ADEPU, ADEPU Ratio, 3 Day Average, and 90+ Degree Day.  

The whole sample used for the statistical analysis consists of 74 commercial and industrial customers that were originally taken as three separate samples.  Each sample was taken randomly.  It was then checked that a variety of SIC codes and a variety of load factor customers were included in each sample.  The first sample consisted of 22 customers who were all in the industrial class.  This sample was taken with the intent of using these customers to develop a baseline methodology that would work for this segment of customers.  The second sample consisted of 21 customers that were in the industrial class and also had SIC codes in the 2000s and 3000s (these are the SIC codes corresponding to manufacturing customers.)  This sample was originally taken to compare with the original sample of industrial customers.  The goal of this comparison was to explore the differences between manufacturing and non-manufacturing industrial customers.  The intent of having this separate sample was to determine if the industrial manufacturing customers could be modeled as well as the non-manufacturing industrials.  The last sample consisted of 31 customers from the commercial class.  The purpose of this sample was to test if the SAM model, which was originally developed by modeling industrial customers, could be also used to model customers in the commercial class.
The following subsections contain error analysis on the whole sample and then on the different segments of customers.  This analysis consists of measuring how much the model differs from the actual value for each customer and then determining which method models the customers most closely. To measure how accurate each model was, four key statistics were used.  
The first statistic measures the percentage difference between the model and the actual usage for each hour and averages these values.  This value, labeled “Average Hourly Error” in the tables, gives an estimate of the approximate difference between the model and the actual usage for an arbitrary hour.  In calculating this statistic, absolute values were used.  This eliminated the situation in which hours that were modeled high cancelled hours that were modeled low, which helps give a more accurate picture of how accurate the model is on an hourly basis.

Secondly, the percentage difference between the model and the actual usage of the customer during the peak hour was calculated.  This gives an idea of what the error would be when demand is the highest.  Note that the peak hour used to determine this error was the hour of highest demand for each customer, not the peak demand hour of the total system.  Like the Average Hourly Error statistic, the Peak Hour Error was calculated using absolute values.
Lastly, the total usage predicted by the model for the whole DR event and how much the customer actually used over the same period is another value of interest.    The average of the Total Error for the DR period was calculated two different ways in the tables.  The first, labeled Total Error in the tables in the next section, took into account whether or not the error for each day was high or low.  This method of calculating Total Error was included to show what the total error would be over the course of several DR events.  The second way Total Error was calculated involved taking the absolute value of each error before averaging.  This method of calculating Total Error, labeled Total Error Calculated with Absolute Value in the tables, was included to illustrate what the spread of the Total Errors would be for one DR event.

For each sample, an average of these statistics from the three proxy DR event days was calculated.  These averages were then compiled to determine the mean, standard deviation, and 95% confidence interval for the mean of each statistic for the entire sample using each method.  The mean is a measure of accuracy and shows what the percentage error is on average.  The standard deviation is a measure of variability, or how spread out the data is.  A small standard deviation indicates the data points are closer together and easier to reproduce.  The standard deviation is included in the table because it is used to calculate the 95% confidence intervals for the mean.  Should multiple data sets be modeled, the 95% confidence interval for the mean indicates the range of values in which the mean would be located 95% of the time.  The smaller the confidence interval, the easier it is to reproduce the results of the model.
The comparison of industrial customers to commercial customers indicated that the commercial customers tended to be more difficult to model than the industrial customers.  In order to find the reason for this observation, the sample was divided into separate samples: one consisting of industrial customers (which contained both manufacturing and non-manufacturing), one consisting of just industrial manufacturing customers, and one consisting of commercial customers (both manufacturing and non-manufacturing.)  Statistical analysis was then run on each separate part.  The comparison of these subsamples did not clearly indicate which methods worked well for which customers, so two additional divisions were created and analyzed.  
The second division divided the whole sample based on SIC code without regard to whether the customer was an industrial or a commercial customer.  This division divided customers into three groups:  SIC code less than 5000, SIC code in the 5000s, and SIC code greater than 6000.  The group with SIC codes less than 5000 included any manufacturers as well as transportation entities and utilities.  The group with SIC codes in the 5000s were mainly retail and food services.  The group with SIC codes greater than 6000 contained everything else, including banks, hotels, hospitals, and schools.  

While there seemed to be some correlation between the accuracy of the model and SIC code, the discrepancies were not completely explained by this division.  This leads to the last division analyzed in this paper, which divided the customers based on load factor.  
KEY FINDING:

The analyses discussed in the following sections will suggest that many of the smaller commercial customers have low load factors, which contributed to the perceived difference between the industrial and commercial customers.  

The different methods analyzed also utilized a variety of different “day of” adjustments.  In an effort to determine if a scalar or additive adjustment is preferable, some additional analysis was done.  First, SAM was recalculated with each of the other adjustments.  These results were then compared side by side.  Secondly, each of the other methods was recalculated with an adjustment similar to the built-in adjustment used in SAM.  
Another issue is the versatility of the newly developed model.  This was explored in two different ways.  The first consisted of looking at the effects of calling a DR event at different times of the day.  The commercial and industrial customers have their peak usage in the early afternoon, making 13:00 or 14:00 a natural time to start a DR event.  The total system peak is around 16:00 since many commercial and industrial customers are still consuming electricity and the residential load is starting to increase.  While it is possible that a DR event could be called in the morning, it was determined that the most likely times to call a DR event would match up with the peak usage times.  SAM was used to create a baseline starting at 13:00, 14 and 16:00, and the accuracies of these three models were compared.  
The second versatility issue that was explored deals with time of the year.  SAM was developed with the intent of modeling summer loads, but some DR events may occur during the winter months.  With this in mind, a day was chosen from the winter months of 2007 and modeled using various methods.  The day chosen was February 5 because it was a peak demand day, and therefore was a likely candidate for a DR event.  Of the six methods, the only method not used to model the winter proxy DR day was the 90+ Degree Day Method since that method was designed solely for use between May and September.  
II. STATISTICAL ANALYSIS OF WHOLE SAMPLE
Table 23 contains a summary of the descriptive statistics for the entire 74 element sample.  Included are the Average Hourly Error, the peak error, the Total Error and the Total Error Calculated with Absolute Value for each of the six methods.  Discussion and interpretation of this table can be found on the following pages.  For convenience in reading, the section of the table pertaining to each statistic is included with each discussion.
Table 23:  Summary of Descriptive Statistics for the Whole Sample

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.092
	0.444
	1.035
	0.136
	0.125
	1.224

	
	Std. Dev.
	0.111
	2.744
	7.249
	0.193
	0.174
	8.294

	
	95% Confidence Interval for the Mean
	(0.066, 0.117)
	(0.000,

1.069)
	(0.000,

2.687)
	(0.092, 0.180)
	(0.086, 0.165)
	(0.000,

3.114)

	Peak Error
	Mean
	0.089
	0.205
	0.116
	0.132
	0.111
	0.205

	
	Std. Dev.
	0.212
	0.630
	0.264
	0.381
	0.248
	0.795

	
	95% Confidence Interval for the Mean
	(0.041, 0.138)
	(0.062, 0.349)
	(0.056, 

0.176)
	(0.045, 0.219)
	(0.055, 0.168)
	(0.024, 

0.386)

	Total Error
	Mean
	-0.003
	0.119
	-0.178
	0.014
	0.004
	-0.169

	
	Std. Dev.
	0.070
	0.723
	1.121
	0.124
	0.100
	1.145

	
	95% Confidence Interval for the Mean
	(-0.014, 0.019)
	(-0.046, 0.283)
	(-0.433, 0.078)
	(-0.014, 0.042)
	(-0.019, 0.026)
	(-0.430, 0.092)

	Total Error Calculated with Absolute Value
	Mean
	0.067
	0.193
	0.314
	0.112
	0.098
	0.355

	
	Std. Dev.
	0.087
	0.708
	1.545
	0.193
	0.147
	1.566

	
	95% Confidence Interval for the Mean
	(0.047, 0.086)
	(0.032, 0.355)
	(0.000, 

0.666)
	(0.068, 0.156)
	(0.064, 0.131)
	(0.000, 

0.712)


i. Average Hourly Error

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.092
	0.444
	1.035
	0.136
	0.125
	1.224

	
	Std. Dev.
	0.111
	2.744
	7.249
	0.193
	0.174
	8.294

	
	95% Confidence Interval for the Mean
	(0.066, 0.117)
	(0.000,

1.069)
	(0.000,

2.687)
	(0.092, 0.180)
	(0.086, 0.165)
	(0.000,

3.114)


For the Average Hourly Error, SAM had a sample mean value of 9.2% with 95% confidence that the population mean will lie between 6.6% and 11.7%.  All of the other methods had mean Average Hourly Errors larger than 11.7%.  Since these mean Average Hourly Errors lie outside of the confidence interval, it can be said with 95% certainty that none of the other methods are statistically as accurate as SAM.  Another point of interest is that SAM had a much smaller spread on its confidence interval.  The spread for SAM’s confidence interval was 5.1%, calculated by subtracting the lower end of the confidence interval from the upper end.  The next closest spreads were 7.9% for the ADEPU Ratio Method and 8.8% for the 25% ADEPU Method.  The other three methods all had confidence intervals that covered over 100%.  The smaller spread for the confidence interval means that the results are more easily reproduced when conducting multiple trials, which implies SAM has greater precision.    Figure 18 shows the sample mean and confidence interval for the Average Hourly Error for each of the six methods.
Figure 18: Sample Mean and Confidence Interval of the Average Hourly Error for the Entire Sample
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ii. Peak Error

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Peak Error
	Mean
	0.089
	0.205
	0.116
	0.132
	0.111
	0.205

	
	Std. Dev.
	0.212
	0.630
	0.264
	0.381
	0.248
	0.795

	
	95% Confidence Interval for the Mean
	(0.041, 0.138)
	(0.062, 0.349)
	(0.056, 
0.176)
	(0.045, 0.219)
	(0.055, 0.168)
	(0.024, 
0.386)


For peak error, SAM had a sample mean value of 8.9% with 95% confidence that the population mean lies between 4.1% and 13.8%.  For this statistic, the 3 Day Average Method and the 90+ Degree Day Method had sample means outside of the 95% confidence interval, showing that they are indeed statistically different than SAM.  However, the Recursive Day Averaging Method, 25% ADEPU Method, and ADEPU Ratio Method had sample mean values of 11.6%, 13.2% and 11.1% respectively.  These are higher than the sample mean for SAM but still lie within the confidence interval.  Therefore, they cannot be said to be statistically different than SAM.  While these three methods are as accurate as SAM when it comes to peak error, they are not as precise.  The 95% confidence interval for the population mean for SAM has a range of 9.7%.  The Recursive Day Matching Method had a range of 12.0%, the 25% ADEPU Method had a range of 17.4%, and the ADEPU Ratio Method is the closest to SAM with a range of 11.3%.  Figure 19 depicts the sample mean and confidence interval for the Peak Hour Error for each of the six methods.
Figure 19: Sample Mean and Confidence Interval of the Peak Hour Error for the Entire Sample
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iii. Total Error

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error
	Mean
	-0.003
	0.119
	-0.178
	0.014
	0.004
	-0.169

	
	Std. Dev.
	0.070
	0.723
	1.121
	0.124
	0.100
	1.145

	
	95% Confidence Interval for the Mean
	(-0.014, 0.019)
	(-0.046, 0.283)
	(-0.433, 0.078)
	(-0.014, 0.042)
	(-0.019, 0.026)
	(-0.430, 0.092)


The sample mean for Total Error for SAM was -0.29% with 95% confidence that the population mean lies between -1.4% and 1.9%.  The methods that had sample means within this range were the 25% ADEPU Method with a mean of 1.4% and the ADEPU Ratio Method with a mean of 0.37%.  When looking at precision, SAM has a confidence interval range of 3.2%, while the 25% ADEPU and the ADEPU Ratio Methods have ranges of 5.7% and 4.5% respectively.  Figure 20 depicts the sample mean and confidence interval for the Total Error for each of the six methods.
Figure 20: Sample Mean and Confidence Interval of the Total Error for the Entire Sample
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iv. Total Error Calculated with Absolute Value

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error Calculated with Absolute Value
	Mean
	0.067
	0.193
	0.314
	0.112
	0.098
	0.355

	
	Std. Dev.
	0.087
	0.708
	1.545
	0.193
	0.147
	1.566

	
	95% Confidence Interval for the Mean
	(0.047, 0.086)
	(0.032, 0.355)
	(0.000, 

0.666)
	(0.068, 0.156)
	(0.064, 0.131)
	(0.000, 

0.712)


The last statistic in the table is Total Error Calculated with Absolute Value.  SAM had a sample mean of 6.7% with 95% confidence that the population mean lies between 4.7% and 8.6%.  This confidence interval has a range of 3.9%.  All five of the other methods had means that were statistically higher than SAM, with the closest being 9.8% (ADEPU Ratio Method) and the largest being 35.5% (90 Degree Day Method).   The precision for the other five methods ranged from 6.7% (ADEPU Ratio) to 71.2% (90 Degree Day).   Figure 21 depicts the sample mean and confidence interval for the Total Error Calculated with Absolute Value for each of the six methods.

Figure 21: Sample Mean and Confidence Interval of the Total Error Calculated with Absolute Value for the Entire Sample 
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v. Summary

When no divisions are made within a sample, it is clear that modeling customers’ usage using SAM is statistically more accurate than any of the other methods compared in this analysis.  There was no method that matched SAM in accuracy in more than two of the key statistics.  The ADEPU Ratio and 25% ADEPU Methods each matched SAM in accuracy in two categories, Peak Hour Error and Total Error, but neither matched SAM in precision for these statistics.  The Recursive Day Averaging Method matched SAM only in the Peak Hour Error category, but once again it was only in accuracy and not precision.  The other two methods did not match SAM in either accuracy or precision for any of the key statistics.

III. INDUSTRIAL vs. COMMERCIAL

1.) ANALYSIS OF INDUSTRIAL

In this section, the whole sample was divided into several smaller samples and statistical analysis was run on each of these.  The first group discussed is the set of customers that are considered industrial customers.  These customers were placed in this category based on their rate code.  This data can be found in Table 24.
Table 24:  Summary of Descriptive Statistics for the Sample of Industrial Customers

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.052
	0.072
	0.064
	0.073
	0.067
	0.080

	
	Std. Dev.
	0.041
	0.033
	0.046
	0.050
	0.050
	0.068

	
	95% Confidence Interval for the Mean
	(0.034, 0.069)
	(0.057, 0.087)
	(0.043, 0.841)
	(0.051, 0.095)
	(0.045, 0.089)
	(0.050, 0.110)

	Peak Error
	Mean
	0.036
	0.073
	0.044
	0.058
	0.049
	0.058

	
	Std. Dev.
	0.020
	0.042
	0.028
	0.042
	0.036
	0.059

	
	95% Confidence Interval for the Mean
	(0.027, 0.045)
	(0.054, 0.091)
	(0.032, 0.056)
	(0.040, 0.770)
	(0.033, 0.065)
	(0.032, 0.084)

	Total Error
	Mean
	0.010
	-0.031
	0.003
	-0.001
	-0.004
	0.014

	
	Std. Dev.
	0.034
	0.044
	0.053
	0.046
	0.050
	0.066

	
	95% Confidence Interval for the Mean
	(-0.005, 0.025)
	(-0.050,

 -0.011)
	(-0.021, 0.026)
	(-0.021, 0.019)
	(-0.026, 0.019)
	(-0.015, 0.043)

	Total Error Calculated with Absolute Value
	Mean
	0.035
	0.054
	0.049
	0.056
	0.049
	0.062

	
	Std. Dev.
	0.035
	0.026
	0.040
	0.038
	0.037
	0.050

	
	95% Confidence Interval for the Mean
	(0.019, 0.051)
	(0.042, 0.066)
	(0.031, 0.066)
	(0.040, 0.073)
	(0.033, 0.066)
	(0.040, 0.084)


i. Average Hourly Error

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.052
	0.072
	0.064
	0.073
	0.067
	0.080

	
	Std. Dev.
	0.041
	0.033
	0.046
	0.050
	0.050
	0.068

	
	95% Confidence Interval for the Mean
	(0.034, 0.069)
	(0.057, 0.087)
	(0.043, 0.841)
	(0.051, 0.095)
	(0.045, 0.089)
	(0.050, 0.110)


When looking at just the industrial customers, the sample mean for the Average Hourly Error when using SAM is 5.2% with 95% confidence that the population mean lies between 3.4% and 6.9%.  The methods that have means that are not statistically different from SAM are the Recursive Day Averaging Method with a sample mean of 6.4%, and the ADEPU Ratio Method with a sample mean of 6.7%.  These methods have a confidence interval range of 4.1% and 4.4% respectively, which is slightly higher than the range of 3.5% that is obtained using SAM.
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ii. Peak Hour Error
	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Peak Error
	Mean
	0.036
	0.073
	0.044
	0.058
	0.049
	0.058

	
	Std. Dev.
	0.020
	0.042
	0.028
	0.042
	0.036
	0.059

	
	95% Confidence Interval for the Mean
	(0.027, 0.045)
	(0.054, 0.091)
	(0.032, 0.056)
	(0.040, 0.770)
	(0.033, 0.065)
	(0.032, 0.084)


For this sample, the mean of the Peak Hour Error obtained using SAM is 3.6% with 95% confidence that the population mean lies between 2.7% and 4.5%.  The only method with a peak error that is not statistically different is the Recursive Day Averaging Method, whose mean of 4.4% just squeezed into the 95% confidence interval.  The Recursive Day Averaging Method has a confidence interval range of 2.4%.  This shows that the Recursive Day Averaging Method is slightly less precise than SAM, which has a confidence interval range of 1.7%.
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iii. Total Error
	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error
	Mean
	0.010
	-0.031
	0.003
	-0.001
	-0.004
	0.014

	
	Std. Dev.
	0.034
	0.044
	0.053
	0.046
	0.050
	0.066

	
	95% Confidence Interval for the Mean
	(-0.005, 0.025)
	(-0.050,
 -0.011)
	(-0.021, 0.026)
	(-0.021, 0.019)
	(-0.026, 0.019)
	(-0.015, 0.043)


The Total Error associated with the industrial customers has a sample mean of 1.0% with 95% confidence that the population lies between -0.4% and 2.5% when the SAM method is used.  All of the other methods except for the 3 Day Average Method have sample means that fell within this range.  When looking at precision, SAM has a confidence interval range of 2.9% while the other methods range from 3.9% (3 Day Average) to 5.8% (90+ Degree Day).
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iv. Total Error Calculated with Absolute Value

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error Calculated with Absolute Value
	Mean
	0.035
	0.054
	0.049
	0.056
	0.049
	0.062

	
	Std. Dev.
	0.035
	0.026
	0.040
	0.038
	0.037
	0.050

	
	95% Confidence Interval for the Mean
	(0.019, 0.051)
	(0.042, 0.066)
	(0.031, 0.066)
	(0.040, 0.073)
	(0.033, 0.066)
	(0.040, 0.084)


Lastly, the Total Error Calculated with Absolute Value with the SAM methodology gives a sample mean of 3.5% with 95% confidence that the population mean lies between 1.9% and 5.1%.  For this statistic, the Recursive Day Averaging Method and the ADEPU Ratio Method have values that are statistically the same, with both having sample means of 4.9%.  Precision for all three of these methods is comparable with SAM having a confidence interval range of 3.1%, the Recursive Day Averaging Method having a confidence interval range of 3.5%, and the ADEPU Ratio Method coming in at 3.2%.


[image: image28.emf]95% Confidence Intervals for the Population Mean of 

Total DR Event Time Error for the Industrial Sample 

Calculated Using Absolute Values

SAM

3 Day Average

Recursive Day Averaging

25% ADEPU

ADEPU ratio

90+ Degree Day

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Percent Error (as Decimal)


v. Summary
When looking at the industrial customers, no method matches SAM in both accuracy and precision for all four key statistics.  The Recursive Day Averaging Method matches SAM in accuracy for all four key statistics, but only matches SAM in precision for Total Error Calculated with Absolute Value.  The only other method that matches SAM in both accuracy and precision is the ADEPU Ratio Method, but that is only the case for the Total Error Calculated with Absolute Value.  
2.) ANALYSIS OF INDUSTRIAL MANUFACTURING
Many of the outliers in the above data set were the customers with SIC codes between 2000 and 3999.  Since the sample of industrial customers discussed above only contained six customers with SIC codes in that range, a sample of 21 customers in this category was taken and analyzed.  These results can be found in Table 25.
Table 25:  Summary of Descriptive Statistics for the Sample of Industrial Manufacturing customers
	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.082
	0.104
	0.101
	0.124
	0.122
	0.117

	
	Std. Dev.
	0.079
	0.110
	0.071
	0.176
	0.177
	0.133

	
	95% Confidence Interval for the Mean
	(0.046, 0.118)
	(0.054, 0.153)
	(0.069, 0.133)
	(0.044, 0.205)
	(0.041, 0.202)
	(0.057, 0.178)

	Peak Error
	Mean
	0.056
	0.174
	0.062
	0.064
	0.056
	0.055

	
	Std. Dev.
	0.071
	0.254
	0.060
	0.054
	0.061
	0.053

	
	95% Confidence Interval for the Mean
	(0.024, 0.089)
	(0.059, 0.290)
	(0.035, 0.090)
	(0.039, 0.089)
	(0.029, 0.084)
	(0.031, 0.079)

	Total Error
	Mean
	-0.002
	0.061
	0.002
	0.026
	0.026
	0.041

	
	Std. Dev.
	0.041
	0.222
	0.061
	0.133
	0.124
	0.084

	
	95% Confidence Interval for the Mean
	(-0.021, 0.016)
	(-0.040, 0.162)
	(-0.025, 0.030)
	(-0.034, 0.087)
	(-0.031, 0.082)
	(0.003, 0.079)

	Total Error Calculated with Absolute Value
	Mean
	0.059
	0.137
	0.073
	0.091
	0.090
	0.085

	
	Std. Dev.
	0.063
	0.187
	0.046
	0.119
	0.122
	0.092

	
	95% Confidence Interval for the Mean
	(0.031, 0.088)
	(0.052, 0.222)
	(0.052, 0.094)
	(0.037, 0.145)
	(0.034, 0.145)
	(0.044, 0.127)


The statistics from this larger sample of industrial manufacturing customers show that these customers are harder to model than other industrial customers.  Every method has a decrease in both accuracy (higher sample mean values) and in precision (greater variability as shown with higher standard deviation) when modeling just industrial manufacturing customers as compared to modeling a sample that contains all types of industrial customers.

i. Average Hourly Error

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.082
	0.104
	0.101
	0.124
	0.122
	0.117

	
	Std. Dev.
	0.079
	0.110
	0.071
	0.176
	0.177
	0.133

	
	95% Confidence Interval for the Mean
	(0.046, 0.118)
	(0.054, 0.153)
	(0.069, 0.133)
	(0.044, 0.205)
	(0.041, 0.202)
	(0.057, 0.178)


When using the SAM methodology, the sample mean for the Average Hourly Error when looking at just this set of manufacturing customers is 8.2% with 95% confidence that the population mean lies between 4.6% and 11.8%.  The 3 Day Averaging, Recursive Day Averaging, and 90+ Degree Day Methods all have means that are not statistically different from SAM.  The range of the confidence interval for SAM is 7.2%.  The 3 Day Averaging method and 90+ Degree Day Method both have lower precision than SAM with confidence interval spreads of 10.0% and 12.1% respectively.  The Recursive Day Averaging Method has slightly less variability than SAM and is therefore slightly more precise with a confidence interval range of 6.5%.


[image: image29.emf]95% Confidence Intervals for the Population Mean of 

Average Hourly Error for the Sample of 

Industrial Manufacturers

 Mean

SAM

3 Day Average

Recursive Day Averaging

25% ADEPU

ADEPU ratio

90+ Degree Day

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.22

Percent Error (as Decimal)


ii. Peak Hour Error

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Peak Error
	Mean
	0.056
	0.174
	0.062
	0.064
	0.056
	0.055

	
	Std. Dev.
	0.071
	0.254
	0.060
	0.054
	0.061
	0.053

	
	95% Confidence Interval for the Mean
	(0.024, 0.089)
	(0.059, 0.290)
	(0.035, 0.090)
	(0.039, 0.089)
	(0.029, 0.084)
	(0.031, 0.079)


SAM produces a sample mean of 5.6% with 95% confidence that the population mean lies between 2.4% and 8.9% for the peak error.  The 3 Day Average Method produces a mean that is statistically different at 17.4%.  The rest of the means are all within the SAM confidence interval, with values ranging from 5.4% (90+ Degree Day) to 6.4% (25% ADEPU).  The precision of these five methods is very close with all having values between 4.8% (90+ Degree Day) and 6.5% (SAM).
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iii. Total Error
	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error
	Mean
	-0.002
	0.061
	0.002
	0.026
	0.026
	0.041

	
	Std. Dev.
	0.041
	0.222
	0.061
	0.133
	0.124
	0.084

	
	95% Confidence Interval for the Mean
	(-0.021, 0.016)
	(-0.040, 0.162)
	(-0.025, 0.030)
	(-0.034, 0.087)
	(-0.031, 0.082)
	(0.003, 0.079)


Although SAM averages 8.2% error on an hourly basis, the number of hours high and low tends to even out.  This gives a Total Error of -0.22% with 95% confidence that the population mean lies between -2.1% and 1.6%.  The same is true for the Recursive Day Averaging Method which has a Total Error of 0.24%.  However, the Recursive Day Averaging Method has higher variability, which gives a confidence interval range of 5.5% compared with 3.7% for SAM.  The other methods are all statistically higher than SAM.
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iv. Total Error Calculated with Absolute Value

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error Calculated with Absolute Value
	Mean
	0.059
	0.137
	0.073
	0.091
	0.090
	0.085

	
	Std. Dev.
	0.063
	0.187
	0.046
	0.119
	0.122
	0.092

	
	95% Confidence Interval for the Mean
	(0.031, 0.088)
	(0.052, 0.222)
	(0.052, 0.094)
	(0.037, 0.145)
	(0.034, 0.145)
	(0.044, 0.127)


The Total Error Calculated with Absolute Value when using the SAM method is 5.9% with 95% confidence that the population mean is between 3.1% and 8.8%.  For this case, both the Recursive Day Averaging Method and 90+ Degree Day Methods produced sample means that are not statistically different.  SAM and the Recursive Day Averaging Method are both fairly precise with SAM having a confidence interval range of 5.6% and the Recursive Day Averaging Method having a confidence interval range of 4.1%.  The 90+ Degree Day Method has less precision with a confidence interval range of 8.3%.
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v. Summary

There are two methods that match SAM for accuracy in at least three of the four key statistics: the Recursive Day Averaging Method and the 90+ Degree Day Method.  The Recursive Day Averaging Method matches SAM in accuracy in all four statistics, but does not match SAM in precision for the Total Error statistic.  The 90+ Degree Day Method matches SAM in all but the Total Error.  This method matches SAM in precision in only the Peak Hour Error statistic.  None of the other methods match SAM in accuracy or precision in more than two key statistics.

3.) ANALYSIS OF COMMERCIAL CUSTOMERS
Lastly, included below is the statistical analysis for the customers that are commercial customers.  The statistics in Table 26 show that the commercial customers are more difficult to model than the industrial customers.  The decrease in accuracy and precision could possibly be due to the wider variety of customers present in the commercial class.  
Table 26:  Summary of Descriptive Statistics for the Sample of Commercial Customers

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.126
	0.939
	2.358
	0.189
	0.169
	2.786

	
	Std. Dev.
	0.149
	4.228
	11.170
	0.250
	0.216
	12.768

	
	95% Confidence Interval for the Mean
	(0.074, 0.179)
	(0.000, 2.427)
	(0.000,

 6.290)
	(0.101, 0.278)
	(0.093, 0.245)
	(0.000, 7.281)

	Peak Error
	Mean
	0.150
	0.320
	0.203
	0.230
	0.193
	0.4108

	
	Std. Dev.
	0.315
	0.945
	0.391
	0.577
	0.366
	1.208

	
	95% Confidence Interval for the Mean
	(0.039, 0.261)
	(0.000, 0.653)
	(0.066, 0.341)
	(0.027, 0.433)
	(0.064, 0.322)
	(0.000, 0.836)

	Total Error
	Mean
	-0.013
	0.264
	-0.428
	0.016
	-0.006
	-0.440

	
	Std. Dev.
	0.099
	1.094
	1.716
	0.156
	0.108
	1.747

	
	95% Confidence Interval for the Mean
	(-0.048, 0.022)
	(-0.121, 0.649)
	(-1.032, 0.176)
	(-0.038, 0.071)
	(-0.044, 0.032)
	(-1.055, 0.175)

	Total Error Calculated with Absolute Value
	Mean
	0.094
	0.330
	0.666
	0.166
	0.137
	0.745

	
	Std. Dev.
	0.115
	1.077
	2.363
	0.273
	0.195
	2.385

	
	95% Confidence Interval for the Mean
	(0.054, 0.135)
	(0.000, 0.710)
	(0.000, 1.498)
	(0.069, 0.262)
	(0.068, 0.206)
	(0.000, 1.585)


i. Average Hourly Error

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.126
	0.939
	2.358
	0.189
	0.169
	2.786

	
	Std. Dev.
	0.149
	4.228
	11.170
	0.250
	0.216
	12.768

	
	95% Confidence Interval for the Mean
	(0.074, 0.179)
	(0.000, 2.427)
	(0.000,

 6.290)
	(0.101, 0.278)
	(0.093, 0.245)
	(0.000, 7.281)


The sample mean for the Average Hourly Error when the SAM methodology is used is 12.6% with 95% confidence that the population mean can be found between 7.4% and 17.9%.  Despite the high mean and large variability, the only method that is not statistically different than SAM is the ADEPU Ratio Method.  This method has a mean of 16.9%, which falls within the 95% confidence interval.  When looking at precision, SAM has a confidence interval range of 10.5%, while the ADEPU Ratio Method has a range of 15.2%.  This shows that SAM is more precise than the ADEPU Method.  
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ii. Peak Hour Error

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Peak Error
	Mean
	0.150
	0.320
	0.203
	0.230
	0.193
	0.4108

	
	Std. Dev.
	0.315
	0.945
	0.391
	0.577
	0.366
	1.208

	
	95% Confidence Interval for the Mean
	(0.039, 0.261)
	(0.000, 0.653)
	(0.066, 0.341)
	(0.027, 0.433)
	(0.064, 0.322)
	(0.000, 0.836)


The Peak Hour Error, as measured with the SAM method, has a sample mean of 15.0% with 95% confidence that the mean lies between 3.9% and 26.1%.  For this statistic, the Recursive Day Averaging, 25% ADEPU, and ADEPU Ratio Methods all have means that are not statistically different from the SAM methodology.  SAM has a confidence interval range of 22.3%. The Recursive Day Averaging and ADEPU Ratio Methods have precisions that are close to SAM, with confidence interval ranges of 27.5% and 25.8% respectively.  On the other hand, the 25% ADEPU Method has a confidence interval range of 40.6%, which shows it is less precise than these other three methods.
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iii. Total Error
	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error
	Mean
	-0.013
	0.264
	-0.428
	0.016
	-0.006
	-0.440

	
	Std. Dev.
	0.099
	1.094
	1.716
	0.156
	0.108
	1.747

	
	95% Confidence Interval for the Mean
	(-0.048, 0.022)
	(-0.121, 0.649)
	(-1.032, 0.176)
	(-0.038, 0.071)
	(-0.044, 0.032)
	(-1.055, 0.175)


The SAM methodology produces a Total Error of -1.3% with 95% confidence that the population mean lies between -4.8% and 2.2%.  The 25% ADEPU Method and ADEPU Ratio Method both have means within this confidence interval with values of 1.6% and 0.59% respectively.  Precision-wise, SAM has a smaller confidence interval range, with the value being 7.0%.  The ADEPU Ratio Method is close with a confidence interval range of 7.6%, while the 25% ADEPU Method has a higher confidence interval range of 11.0%.  
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iv. Total Error Calculated with Absolute Value

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error Calculated with Absolute Value
	Mean
	0.094
	0.330
	0.666
	0.166
	0.137
	0.745

	
	Std. Dev.
	0.115
	1.077
	2.363
	0.273
	0.195
	2.385

	
	95% Confidence Interval for the Mean
	(0.054, 0.135)
	(0.000, 0.710)
	(0.000, 1.498)
	(0.069, 0.262)
	(0.068, 0.206)
	(0.000, 1.585)


Lastly, the SAM methodology gives a mean value of 9.4% with 95% confidence that the population mean is between 5.4% and 13.5% for the Total Error Calculated with Absolute Value are used for the calculation.  None of the other methods match SAM in either accuracy or precision for this statistic.
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v. Summary
For the commercial class, only three of the five methods match SAM in accuracy for any of the statistics.  The Recursive Day Averaging Method matches SAM for just the Peak Hour Error, but has a much larger confidence interval range.  The 25% ADEPU Method matches SAM in accuracy for both the Peak Hour Error and Total Error, and the ADEPU Ratio matches SAM in accuracy in all but the Total Error Calculated with Absolute Value.  While these two methods may match SAM in accuracy for these statistics, they do not match in precision for any of them. The 3 Day Average and 90+ Degree Day Methods do not match SAM in accuracy or precision for any of the statistics.

IV. STATISTICAL ANALYSIS OF CUSTOMERS GROUPED BY SIC CODE 

As is evidenced in Table 26 all of the models tend to have much larger variability (less precision) and also less accuracy when modeling commercial customers as compared to when they model industrial customers.  In the following analysis, customers are grouped by SIC code to see if that variable plays a role in the commercial customers being harder to model than the industrials.

1.) ANALYSIS OF CUSTOMERS WITH SIC CODES LESS THAN 5000

Table 27 below contains the customers whose SIC codes are less than 5000.  The majority of these customers are manufacturing with a few coming from transportation entities and utilities.  
Table 27:  Summary of Descriptive Statistics for Customers with 
SIC codes less than 5000

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.113
	0.794
	1.970
	0.175
	0.166
	2.320

	
	Std. Dev.
	0.131
	3.874
	10.234
	0.254
	0.220
	11.703

	
	95% Confidence Interval for the Mean
	(0.071, 0.155)
	(0.000, 2.042)
	(0.000, 5.268)
	(0.094, 0.257)
	(0.095, 0.237)
	(0.000, 6.091)

	Peak Error
	Mean
	0.110
	0.323
	0.149
	0.168
	0.135
	0.285

	
	Std. Dev.
	0.286
	0.877
	0.354
	0.523
	0.333
	1.102

	
	95% Confidence Interval for the Mean
	(0.018, 0.202)
	(0.040, 0.605)
	(0.035, 0.263)
	(0.000, 0.336)
	(0.028, 0.242)
	(0.000, 0.640)

	Total Error
	Mean
	-0.005
	0.251
	-0.364
	0.023
	0.009
	-0.359

	
	Std. Dev.
	0.086
	1.007
	1.567
	0.143
	0.099
	1.599

	
	95% Confidence Interval for the Mean
	(-0.033, 0.023)
	(-0.074, 0.058)
	(-0.869, 0.141)
	(-0.023, 0.069)
	(-0.023, 0.040)
	(-0.875, 0.156)

	Total Error Calculated with Absolute Value
	Mean
	0.078
	0.313
	0.545
	0.133
	0.119
	0.601

	
	Std. Dev.
	0.104
	0.991
	2.169
	0.258
	0.182
	2.192

	
	95% Confidence Interval for the Mean
	(0.044, 0.111)
	(0.000, 0.632)
	(0.000, 1.244)
	(0.050, 0.216)
	(0.598, 0.177)
	(0.000, 1.308)


i. Average Hourly Error

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.113
	0.794
	1.970
	0.175
	0.166
	2.320

	
	Std. Dev.
	0.131
	3.874
	10.234
	0.254
	0.220
	11.703

	
	95% Confidence Interval for the Mean
	(0.071, 0.155)
	(0.000, 2.042)
	(0.000, 5.268)
	(0.094, 0.257)
	(0.095, 0.237)
	(0.000, 6.091)


On an hour by hour basis, SAM models this set of customers better than any other model based on the Average Hourly Error statistic.  The SAM methodology produces a sample mean of 11.3% with 95% confidence that the actual population mean lies between 7.1% and 15.5%.  None of the other models have sample means within this range.
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ii. Peak Hour Error
	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Peak Error
	Mean
	0.110
	0.323
	0.149
	0.168
	0.135
	0.285

	
	Std. Dev.
	0.286
	0.877
	0.354
	0.523
	0.333
	1.102

	
	95% Confidence Interval for the Mean
	(0.018, 0.202)
	(0.040, 0.605)
	(0.035, 0.263)
	(0.000, 0.336)
	(0.028, 0.242)
	(0.000, 0.640)


When looking at the peak hour, SAM gives a sample mean of 11.0% with 95% confidence that the population mean lies between 1.8% and 20.2%.  The Recursive Day Averaging, 25% ADEPU, and ADEPU Ratio Methods all produce means within this confidence interval.  When looking at precision, SAM has a confidence interval range of 18.4% while the other methods have confidence interval ranges of 22.8%, 33.6%, and 21.4%, respectively.
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iii. Total Error
	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error
	Mean
	-0.005
	0.251
	-0.364
	0.023
	0.009
	-0.359

	
	Std. Dev.
	0.086
	1.007
	1.567
	0.143
	0.099
	1.599

	
	95% Confidence Interval for the Mean
	(-0.033, 0.023)
	(-0.074, 0.058)
	(-0.869, 0.141)
	(-0.023, 0.069)
	(-0.023, 0.040)
	(-0.875, 0.156)


When taking the whole DR event time into consideration, SAM produces a sample mean of -0.53% with 95% confidence that the population mean falls between -3.3% and 2.26%.  The only method that is not statistically different is the ADEPU Ratio Method.  This method is slightly less precise than SAM with a confidence interval range of 6.4% as compared to 5.6% for SAM.
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iv. Total Error Calculated with Absolute Value

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error Calculated with Absolute Value
	Mean
	0.078
	0.313
	0.545
	0.133
	0.119
	0.601

	
	Std. Dev.
	0.104
	0.991
	2.169
	0.258
	0.182
	2.192

	
	95% Confidence Interval for the Mean
	(0.044, 0.111)
	(0.000, 0.632)
	(0.000, 1.244)
	(0.050, 0.216)
	(0.598, 0.177)
	(0.000, 1.308)


For Total Error Calculated with Absolute Value, SAM has a sample mean of 7.8% with 95% confidence that the population mean is between 4.4% and 11.1%.  For this statistic, none of the other methods has means that fell within this interval.
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v. Summary
For the set of customers with SIC codes less than 5000, which is mostly manufacturing customers, no method matches SAM in accuracy in more than two statistics.  The ADEPU Ratio Method matches SAM in accuracy in both Peak Hour Error and Total Error, but does not match SAM in precision for either of these two statistics.  The only other methods to match SAM in accuracy for any statistic are the Recursive Day Averaging and 25% ADEPU Methods, which each match SAM in just the Peak Hour Error.
2.) ANALYSIS OF CUSTOMERS WITH SIC CODES FROM 5000-5999

Table 28 contains the data for the customers that have SIC codes in the 5000s.  These customers tend to be retailers and food services.

Table 28:  Summary of Descriptive Statistics for Customers with SIC codes in the 5000s

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.064
	0.109
	0.109
	0.097
	0.085
	0.137

	
	Std. Dev.
	0.076
	0.135
	0.254
	0.100
	0.112
	0.307

	
	95% Confidence Interval for the Mean
	(0.031, 0.097)
	(0.050, 0.167)
	(0.000, 0.219)
	(0.054, 0.140)
	(0.037, 0.133)
	(0.005, 0.270)

	Peak Error
	Mean
	0.071
	0.093
	0.089
	0.113
	0.095
	0.132

	
	Std. Dev.
	0.091
	0.099
	0.130
	0.167
	0.120
	0.267

	
	95% Confidence Interval for the Mean
	(0.032, 0.110)
	(0.050, 0.136)
	(0.033, 0.146)
	(0.041, 0.186)
	(0.043, 0.147)
	(0.017, 0.248)

	Total Error
	Mean
	-0.003
	0.003
	0.022
	0.016
	0.0121
	0.045

	
	Std. Dev.
	0.050
	0.114
	0.171
	0.109
	0.106
	0.160

	
	95% Confidence Interval for the Mean
	(-0.025, 0.018)
	(-0.047, 0.052)
	(-0.052, 0.096)
	(-0.031, 0.064)
	(-0.034, 0.058)
	(-0.025, 0.114)

	Total Error Calculated with Absolute Value
	Mean
	0.058
	0.081
	0.086
	0.089
	0.075
	0.110

	
	Std. Dev.
	0.074
	0.090
	0.181
	0.087
	0.101
	0.244

	
	95% Confidence Interval for the Mean
	(0.026, 0.090)
	(0.042, 0.120)
	(0.008, 0.164)
	(0.051, 0.126)
	(0.031, 0.118)
	(0.005, 0.216)


i. Average Hourly Error
	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.064
	0.109
	0.109
	0.097
	0.085
	0.137

	
	Std. Dev.
	0.076
	0.135
	0.254
	0.100
	0.112
	0.307

	
	95% Confidence Interval for the Mean
	(0.031, 0.097)
	(0.050, 0.167)
	(0.000, 0.219)
	(0.054, 0.140)
	(0.037, 0.133)
	(0.005, 0.270)


For the Average Hourly Error, SAM produces a mean of 6.4% with 95% confidence that the population mean lies in the interval from 3.1% to 9.67%.  The only method that produces a sample mean within this confidence interval is the ADEPU Ratio Method with a value of 8.5%.  The confidence interval ranges for these two methods are 6.6% for SAM and 9.7% for the ADEPU Ratio Method, which shows that SAM is more precise for this statistic.
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ii. Peak Hour Error
	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Peak Error
	Mean
	0.071
	0.093
	0.089
	0.113
	0.095
	0.132

	
	Std. Dev.
	0.091
	0.099
	0.130
	0.167
	0.120
	0.267

	
	95% Confidence Interval for the Mean
	(0.032, 0.110)
	(0.050, 0.136)
	(0.033, 0.146)
	(0.041, 0.186)
	(0.043, 0.147)
	(0.017, 0.248)


The sample mean for the peak hour when the SAM methodology is used is 7.1% with 95% confidence that the population mean lies between 3.2% and 11.0%.  Three methods, the 3 Day Average Method, the Recursive Day Averaging Method, and the ADEPU Ratio Method, all have means that are within the 95% confidence interval.  For precision, SAM has a confidence interval range of 7.8%.  The other methods have confidence interval ranges of 8.6%, 11.3%, and 10.4% respectively.
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iii. Total Error
	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error
	Mean
	-0.003
	0.003
	0.022
	0.016
	0.0121
	0.045

	
	Std. Dev.
	0.050
	0.114
	0.171
	0.109
	0.106
	0.160

	
	95% Confidence Interval for the Mean
	(-0.025, 0.018)
	(-0.047, 0.052)
	(-0.052, 0.096)
	(-0.031, 0.064)
	(-0.034, 0.058)
	(-0.025, 0.114)


The SAM methodology produces a sample mean of 
-0.32% with 95% confidence that the population mean is between -2.4% and 1.8% when looking at the Total Error.  The 25% ADEPU Method, ADEPU Ratio Method, and 3 Day Average Method match SAM in accuracy with sample means of 1.6%, 1.2% and 0.26% respectively.  Once again, none of these methods can match the precision of the SAM method.  SAM has a confidence interval range of 4.3%, while the next closest is the ADEPU Ratio Method with a range of 9.1%.  
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iv. Total Error Calculated with Absolute Value

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error Calculated with Absolute Value
	Mean
	0.058
	0.081
	0.086
	0.089
	0.075
	0.110

	
	Std. Dev.
	0.074
	0.090
	0.181
	0.087
	0.101
	0.244

	
	95% Confidence Interval for the Mean
	(0.026, 0.090)
	(0.042, 0.120)
	(0.008, 0.164)
	(0.051, 0.126)
	(0.031, 0.118)
	(0.005, 0.216)


The Total Error Calculated with Absolute Value has a sample mean of 5.8% with 95% confidence that the mean lies between 2.6% and 9.0% when the SAM methodology is applied.  All methods except the 90+ Degree Day Method have sample means that fall within this range, making them all statistically the same for accuracy.  For precision, SAM has a confidence interval range of 6.4%.  The 25% ADEPU Method and 3 Day Average Method come close to matching the precision with ranges of 7.5% and 7.8% respectively.  The ADEPU Ratio Method has a range of 8.7%, and the Recursive Day Averaging Method has the highest range with a value of 15.7%.
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v. Summary

For the class of customers with SIC codes between 5000 and 5999, which are mostly retailers and food services, the SAM method is statistically better than any other method.  The ADEPU Ratio Method matches SAM in accuracy for all four key statistics.  However, this method has larger confidence interval ranges for each of these statistics.  The 3 Day Average Method matches SAM in accuracy in all but the Average Hourly Error.  However, this method does not match SAM in precision.
3.) ANALYSIS OF CUSTOMERS WITH SIC CODES GREATER THAN 6000
The last table in this section contains the data from those customers whose SIC codes are larger than 6000.  These customers include, but are not limited to, banks, hotels, hospitals, and schools.  

Table 29:  Summary of Descriptive Statistics for Customers with SIC codes greater than 6000

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.080
	0.073
	0.086
	0.097
	0.085
	0.113

	
	Std. Dev.
	0.095
	0.028
	0.082
	0.079
	0.075
	0.104

	
	95% Confidence Interval for the Mean
	(0.038, 0.122)
	(0.060, 0.085)
	(0.050, 0.122)
	(0.062, 0.132)
	(0.052, 0.118)
	(0.067, 0.159)

	Peak Error
	Mean
	0.066
	0.079
	0.072
	0.069
	0.074
	0.112

	
	Std. Dev.
	0.105
	0.049
	0.096
	0.048
	0.098
	0.171

	
	95% Confidence Interval for the Mean
	(0.020, 0.113)
	(0.057, 0.100)
	(0.030, 0.114)
	(0.047, 0.090)
	(0.032, 0.118)
	(0.037, 0.188)

	Total Error
	Mean
	0.004
	-0.039
	-0.012
	-0.014
	-0.023
	-0.015

	
	Std. Dev.
	0.051
	0.046
	0.115
	0.096
	0.094
	0.155

	
	95% Confidence Interval for the Mean
	(-0.018, 0.026)
	(-0.059, 

-0.019)
	(-0.062, 0.039)
	(-0.056, 0.029)
	(-0.064, 0.018)
	(-0.083, 0.054)

	Total Error Calculated with Absolute Value
	Mean
	0.051
	0.062
	0.080
	0.095
	0.079
	0.106

	
	Std. Dev.
	0.045
	0.040
	0.100
	0.099
	0.094
	0.121

	
	95% Confidence Interval for the Mean
	(0.031, 0.071)
	(0.045, 0.080)
	(0.036, 0.124)
	(0.052, 0.138)
	(0.038, 0.121)
	(0.052, 0.159)


i. Average Hourly Error

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.080
	0.073
	0.086
	0.097
	0.085
	0.113

	
	Std. Dev.
	0.095
	0.028
	0.082
	0.079
	0.075
	0.104

	
	95% Confidence Interval for the Mean
	(0.038, 0.122)
	(0.060, 0.085)
	(0.050, 0.122)
	(0.062, 0.132)
	(0.052, 0.118)
	(0.067, 0.159)


The sample mean for Average Hourly Error when the SAM methodology is used is 8.0% with 95% confidence that the population mean lies between 3.8% and 12.2%.  For this particular class of customers, every method produces a sample mean within that range.  The most precise of these methods is the 3 Day Average with a confidence interval range of 2.5%.  The rest of the methods are very close in precision, with confidence interval ranges from 6.6% (ADEPU Ratio) to 9.2% (90+ Degree Day).  SAM registers a confidence interval range of 8.4%.
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ii. Peak Hour Error
	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Peak Error
	Mean
	0.066
	0.079
	0.072
	0.069
	0.074
	0.112

	
	Std. Dev.
	0.105
	0.049
	0.096
	0.048
	0.098
	0.171

	
	95% Confidence Interval for the Mean
	(0.020, 0.113)
	(0.057, 0.100)
	(0.030, 0.114)
	(0.047, 0.090)
	(0.032, 0.118)
	(0.037, 0.188)


The Peak Hour Error for SAM is 6.6% with 95% confidence that the population mean is between 2.0% and 11.3%.  Once again, all methods produce sample means within this interval.  The precision values range from 4.2% (25% ADEPU Method) to 15.1% (90+ Degree Day Method), with SAM falling right in the middle at 9.2%.
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iii. Total Error
	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error
	Mean
	0.004
	-0.039
	-0.012
	-0.014
	-0.023
	-0.015

	
	Std. Dev.
	0.051
	0.046
	0.115
	0.096
	0.094
	0.155

	
	95% Confidence Interval for the Mean
	(-0.018, 0.026)
	(-0.059, 
-0.019)
	(-0.062, 0.039)
	(-0.056, 0.029)
	(-0.064, 0.018)
	(-0.083, 0.054)


Total Error when using the SAM methodology has a value of 0.39% and 95% confidence that the population mean can be found between -1.8% and 2.6%.  For this statistic, the 3 Day Average and ADEPU Ratio Methods produce sample means that are not within this confidence interval.  The rest of the methods have sample means that are within this range, but all fall below zero which indicates that these other methods tend to underestimate actual customer usage.   SAM has a confidence interval range of 4.5%.  Of the methods that matched SAM in accuracy, the closest one precision-wise is the 25% ADEPU Method with a confidence interval range of 8.4%, and the highest being the 90+ Degree Day Method with a value of 13.7%.

[image: image47.emf]95% Confidence Intervals for the Population Mean of 

Total DR Event Period Error for the Sample of 

Customers with SIC codes greater than 6000

SAM

3 Day Average

Recursive Day Averaging

25% ADEPU

ADEPU ratio

90+ Degree Day

-0.10

-0.08

-0.06

-0.04

-0.02

0.00

0.02

0.04

0.06

Percent Error (as Decimal)


iv. Total Error Calculated with Absolute Value

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error Calculated with Absolute Value
	Mean
	0.051
	0.062
	0.080
	0.095
	0.079
	0.106

	
	Std. Dev.
	0.045
	0.040
	0.100
	0.099
	0.094
	0.121

	
	95% Confidence Interval for the Mean
	(0.031, 0.071)
	(0.045, 0.080)
	(0.036, 0.124)
	(0.052, 0.138)
	(0.038, 0.121)
	(0.052, 0.159)


For Total Error Calculated with Absolute Value, SAM gives a sample mean of 5.1% with 95% confidence that the population mean is in the interval from 3.1% to 7.1%.  The 3 Day Average Method has a sample mean that is just as accurate as SAM, with a value of 6.2%.  Precision-wise these two methods are also very close with a confidence interval range of 4.0% for SAM and 3.5% for the 3 Day Average.
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v. Summary
Several of the other methods do a better job modeling the customers whose SIC codes are larger than 6000 better than when they modeled the customers whose SIC codes are in either the less than 5000 class or the between 5000 and 5999 class.  While none of the methods matches SAM in accuracy in all four key statistics, the 3 Day Average, Recursive Day Averaging, 25% ADEPU, and 90+ Degree Day Methods all match SAM in three of the four statistics.  The 3 Day Average Method is statistically higher for the Total Error statistic, while the other three methods are statistically higher in the Total Error Calculated with Absolute Value.  When looking at precision, the 3 Day Average has a smaller confidence interval range for the Peak Hour Error, but has confidence interval ranges that are more than twice as large as SAM’s for Total Error calculated in both manners.  Likewise, the 25% ADEPU and 90+ Degree Day Methods have precisions close to SAM for both Average Hourly Error and Peak Hour Error.  However, the 25% ADEPU Method has both Total Error confidence interval ranges registering values twice as high as SAM’s, and the 90+ Degree Day Method have values three times as high.   Lastly, the 3 Day Average Method matches SAM in precision in all statistics except for Peak Hour Error, for which the confidence interval range is approximately 50% larger.
V. STATISTICAL ANALYSIS OF CUSTOMERS GROUPED BY LOAD FACTOR
Load factor is defined as the ratio of average usage to peak usage.  
1.) Analysis of Customers with Load Factor Less than 40%
The first table in this section presents the statistical analysis of modeling customers with a load factor of less than 40%.  

Table 30:  Summary of Descriptive Statistics for Customers with Load Factor less than 40%

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.160
	1.137
	2.828
	0.250
	0.234
	3.345

	
	Std. Dev.
	0.157
	4.606
	12.178
	0.290
	0.256
	13.916

	
	95% Confidence Interval for the Mean
	(0.097, 0.224)
	(0.000, 2.997)
	(0.000, 7.748)
	(0.133, 0.358)
	(0.131, 0.338)
	(0.000, 8.967)

	Peak Error
	Mean
	0.167
	0.458
	0.227
	0.255
	0.211
	0.467

	
	Std. Dev.
	0.342
	1.025
	0.424
	0.629
	0.399
	1.313

	
	95% Confidence Interval for the Mean
	(0.029, 0.305)
	(0.044, 0.872)
	(0.056, 0.399)
	(0.001, 0.509)
	(0.049, 0.372)
	(0.000, 0.998)

	Total Error
	Mean
	-0.015
	0.375
	-0.496
	0.040
	0.015
	-0.516

	
	Std. Dev.
	0.102
	1.190
	1.872
	0.198
	0.157
	1.905

	
	95% Confidence Interval for the Mean
	(-0.057, 0.026)
	(-0.106, 0.856)
	(-1.25, 0.260)
	(-0.040, 0.120)
	(-0.048, 0.079)
	(-1.285, 0.254)

	Total Error Calculated with Absolute Value
	Mean
	0.084
	0.455
	0.801
	0.207
	0.182
	0.899

	
	Std. Dev.
	0.114
	1.163
	2.566
	0.302
	0.221
	2.584

	
	95% Confidence Interval for the Mean
	(0.039, 0.130)
	(0.000, 0.925)
	(0.000, 1.838)
	(0.085, 0.329)
	(0.093, 0.271)
	(0.000, 1.943)


KEY FINDING:

All of the methods showed low accuracy and low precision when modeling customers with load factors less than forty percent.  
The models created using the SAM methodology are the best fit with values of 16.0% for Average Hourly Error, 16.7% for peak error, -1.5% for Total Error, and 8.4% for the Total Error Calculated with Absolute Value.  The ADEPU Ratio Method matches SAM in accuracy for the peak error and Total Error statistics.  The Recursive Day Averaging and 25% ADEPU Methods match SAM in accuracy in just the Peak Hour Error statistic.  However, SAM has greater precision than the other methods, as is noted by the ranges of the confidence intervals.
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2.)  Analysis of Customers with Load Factor Between 40% and 50%
The class of customers with load factors between forty and fifty percent is much easier to model than the class of customers with load factors less than forty percent.  These statistics are summarized in Table 31.
Table 31:  Summary of Descriptive Statistics for Customers with Load Factor between 40% and 50%

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.066
	0.079
	0.080
	0.098
	0.085
	0.090

	
	Std. Dev.
	0.059
	0.064
	0.053
	0.053
	0.055
	0.059

	
	95% Confidence Interval for the Mean
	(0.041, 0.091)
	(0.052, 0.106)
	(0.058, 0.102)
	(0.076, 0.120)
	(0.062, 0.108)
	(0.065, 0.115)

	Peak Error
	Mean
	0.053
	0.082
	0.062
	0.078
	0.065
	0.057

	
	Std. Dev.
	0.065
	0.056
	0.058
	0.055
	0.054
	0.042

	
	95% Confidence Interval for the Mean
	(0.026, 0.080)
	(0.058, 0.105)
	(0.038, 0.087)
	(0.055, 0.101)
	(0.042, 0.088)
	(0.039, 0.075)

	Total Error
	Mean
	0.003
	-0.025
	-0.008
	0.003
	-0.004
	0.031

	
	Std. Dev.
	0.053
	0.054
	0.059
	0.064
	0.057
	0.050

	
	95% Confidence Interval for the Mean
	(-0.019, 0.026)
	(-0.048,          -0.002)
	(-0.033, 0.017)
	(-0.024, 0.030)
	(-0.028, 0.019)
	(0.010, 0.052)

	Total Error Calculated with Absolute Value
	Mean
	0.074
	0.058
	0.063
	0.079
	0.066
	0.070

	
	Std. Dev.
	0.087
	0.034
	0.041
	0.045
	0.041
	0.045

	
	95% Confidence Interval for the Mean
	(0.037, 0.111)
	(0.044, 0.072)
	(0.454, 0.080)
	(0.060, 0.098)
	(0.049, 0.084)
	(0.051, 0.089)


i.) Average Hourly Error

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.066
	0.079
	0.080
	0.098
	0.085
	0.090

	
	Std. Dev.
	0.059
	0.064
	0.053
	0.053
	0.055
	0.059

	
	95% Confidence Interval for the Mean
	(0.041, 0.091)
	(0.052, 0.106)
	(0.058, 0.102)
	(0.076, 0.120)
	(0.062, 0.108)
	(0.065, 0.115)


When modeling with SAM, the Average Hourly Error for this class of customers is 6.6% with 95% confidence that the population mean is between 4.1% and 9.1%.  The other methods all produce means that are higher than SAM’s, but all methods except the 25% ADEPU Method produce means that are within the 95% confidence range.  All methods produce about the same precision, with confidence interval spreads ranging from 4.4% (Recursive Day Averaging) to 5.4% (3 Day Average).  The confidence interval range for SAM is in the middle at 5.0%.

[image: image53.emf]95% Confidence Intervals for the Population Mean of 

Average Hourly Error for the Sample of 

Customers with Load Factor Between 40% and 50%

 Mean

SAM

3 Day Average

Recursive Day Averaging

25% ADEPU

ADEPU ratio

90+ Degree Day

0.00

0.02

0.04

0.06

0.08

0.10

0.12

Percent Error (as Decimal)


ii.) Peak Hour Error

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Peak Error
	Mean
	0.053
	0.082
	0.062
	0.078
	0.065
	0.057

	
	Std. Dev.
	0.065
	0.056
	0.058
	0.055
	0.054
	0.042

	
	95% Confidence Interval for the Mean
	(0.026, 0.080)
	(0.058, 0.105)
	(0.038, 0.087)
	(0.055, 0.101)
	(0.042, 0.088)
	(0.039, 0.075)


Peak error has a value of 5.3% with 95% confidence that the population mean is between 2.6% and 8.0% when modeling with SAM.  Once again, this is lower than the other methods, but it is only statistically different from the 3 Day Average Method.  All confidence interval spreads are between 3.5% and 5.4%, with the 90+ Degree Day Method having the highest precision and SAM having the lowest.
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iii.) Total Error
	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error
	Mean
	0.003
	-0.025
	-0.008
	0.003
	-0.004
	0.031

	
	Std. Dev.
	0.053
	0.054
	0.059
	0.064
	0.057
	0.050

	
	95% Confidence Interval for the Mean
	(-0.019, 0.026)
	(-0.048,          -0.002)
	(-0.033, 0.017)
	(-0.024, 0.030)
	(-0.028, 0.019)
	(0.010, 0.052)


All methods measured Total Error well.  SAM produces a sample mean of 0.34% with 95% confidence that the population mean is between -1.9% and 2.6%.  The only methods that produce means statistically different from the SAM method are the 90+ Degree Day and 3 Day Average Methods with values of 3.1% and -2.5%, respectively.  In terms of precision, the 90+ Degree Day Method is the most precise with a confidence interval range of 4.1%.  The 25% ADEPU Method has the lowest precision with a confidence interval range of 5.3%.  SAM weighs in with a value of 4.4%.
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iv. Total Error Calculated with Absolute Value

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error Calculated with Absolute Value
	Mean
	0.074
	0.058
	0.063
	0.079
	0.066
	0.070

	
	Std. Dev.
	0.087
	0.034
	0.041
	0.045
	0.041
	0.045

	
	95% Confidence Interval for the Mean
	(0.037, 0.111)
	(0.044, 0.072)
	(0.454, 0.080)
	(0.060, 0.098)
	(0.049, 0.084)
	(0.051, 0.089)


For Total Error Calculated with Absolute Value, the Total Error associated with the SAM methodology is 7.4% with 95% confidence that the population mean lies between 3.7% and 11.1%.  All of the other methods produce sample means within that interval, with the 3 Day Average Method producing the lowest sample mean (5.8%) and the 25% ADEPU Method producing the highest (7.9%).  SAM has the highest variability of all the methods, with a confidence interval range of 7.3%.  The other methods have confidence interval ranges from 2.8% (3 Day Average) to 3.8% (25% ADEPU and 90+ Degree Day).
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v. Summary
When modeling customers with load factors between 40% and 50%, SAM tends to have errors that are lower in value than the other methods but not necessarily statistically different.  The Recursive Day Averaging Method and ADEPU Ratio Method actually match SAM in accuracy for all statistics in this class of customers.  Of the other three methods, both the 25% ADEPU and 90+ Degree Day Methods match SAM in accuracy in three of the four key statistics, with the 25% ADEPU Method having a higher Average Hourly Error, and the 90+ Degree Day Method having higher Total Errors.  For precision, all five methods record confidence interval ranges that are smaller than SAM for the Total Error Calculated with Absolute Value.  The confidence interval ranges for the other statistics are comparable to SAM’s.  

3.) Analysis of Customers with Load Factor Greater than 50%
The group that shows the highest accuracy and highest precision is the set of customers who have load factors greater than 50%.  

Table 32:  Summary of Descriptive Statistics for Customers with Load Factor greater than 50%

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.042
	0.059
	0.047
	0.049
	0.046
	0.059

	
	Std. Dev.
	0.019
	0.023
	0.021
	0.021
	0.023
	0.050

	
	95% Confidence Interval for the Mean
	(0.034, 0.050)
	(0.049, 0.069)
	(0.038, 0.056)
	(0.040, 0.058)
	(0.036, 0.056)
	(0.038, 0.081)

	Peak Error
	Mean
	0.041
	0.053
	0.048
	0.052
	0.049
	0.069

	
	Std. Dev.
	0.0291
	0.022
	0.035
	0.027
	0.029
	0.107

	
	95% Confidence Interval for the Mean
	(0.028, 0.053)
	(0.043, 0.063)
	(0.033, 0.063)
	(0.040, 0.064)
	(0.037, 
0.062)
	(0.022, 0.115)

	Total Error
	Mean
	0.004
	-0.015
	-0.002
	-0.003
	-0.001
	0.006

	
	Std. Dev.
	0.034
	0.036
	0.034
	0.035
	0.032
	0.062

	
	95% Confidence Interval for the Mean
	(-0.010, 0.019)
	(-0.03031, 0.001)
	(-0.016, 0.013)
	(-0.018, 0.012)
	(-0.014, 0.013)
	(-0.021, 0.033)

	Total Error Calculated with Absolute Value
	Mean
	0.039
	0.045
	0.037
	0.040
	0.036
	0.050

	
	Std. Dev.
	0.028
	0.023
	0.018
	0.019
	0.020
	0.046

	
	95% Confidence Interval for the Mean
	(0.027, 0.050)
	(0.035, 0.055)
	(0.029, 0.045)
	(0.032, 0.049)
	(0.027, 
0.045)
	(0.030, 0.070)


i. Average Hourly Error

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Average Hourly Error
	Mean
	0.042
	0.059
	0.047
	0.049
	0.046
	0.059

	
	Std. Dev.
	0.019
	0.023
	0.021
	0.021
	0.023
	0.050

	
	95% Confidence Interval for the Mean
	(0.034, 0.050)
	(0.049, 0.069)
	(0.038, 0.056)
	(0.040, 0.058)
	(0.036, 0.056)
	(0.038, 0.081)


Starting with the Average Hourly Error statistic, SAM has a sample mean value 4.2% with 95% confidence that the population mean is between 3.4% and 5.0%.  Out of all of the samples, this is the lowest sample mean value.  However, only the 3 Day Average Method and the 90+ Degree Day Method produce sample means that are considered statistically different with each having a value of 5.9%.  Each method is also very precise, with all but one method having confidence interval ranges from 1.6% (SAM) to 2.0% (3 Day Average and ADEPU Ratio).  The outlier for confidence interval range is the 90+ Degree Day Method with a value of 4.3%.  
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ii.) Peak Hour Error

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Peak Error
	Mean
	0.041
	0.053
	0.048
	0.052
	0.049
	0.069

	
	Std. Dev.
	0.029
	0.022
	0.035
	0.027
	0.029
	0.107

	
	95% Confidence Interval for the Mean
	(0.028, 0.053)
	(0.043, 0.063)
	(0.033, 0.063)
	(0.040, 0.064)
	(0.037, 0.062)
	(0.022, 0.115)


The SAM methodology produces the lowest sample mean for Peak Hour Error with a value of 4.1% and 95% confidence that the population mean lies in the interval from 2.8% to 5.3%.  The 90+ Degree Day has a sample mean of 6.9%, which is outside of SAM’s confidence interval.  The other methods produce sample means between 4.8% (Recursive Day Averaging) and 5.3% (3 Day Average), which are within the 95% confidence range.  Of the methods that match SAM in accuracy, all have confidence interval ranges between 1.9% (3 Day Average) and 3.0% (Recursive Day Averaging).  SAM has a confidence interval range of 2.5%. 
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iii. Total Error
	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error
	Mean
	0.004
	-0.015
	-0.002
	-0.003
	-0.001
	0.006

	
	Std. Dev.
	0.034
	0.036
	0.034
	0.035
	0.032
	0.0617

	
	95% Confidence Interval for the Mean
	(-0.010, 0.019)
	(-0.030, 0.001)
	(-0.016, 0.013)
	(-0.018, 0.012)
	(-0.014, 0.013)
	(-0.021, 0.033)


Total Error is consistent across the board.  SAM has a sample mean of 0.44% with 95% confidence that the population mean is between -1.0% and 1.9%.  No method produces a sample mean that is statistically different.  When looking at confidence interval ranges, it can be seen that the outlier is the 90+ Degree Day Method with a value of 5.3%.  All other methods have confidence interval ranges between 2.8% (ADEPU Ratio) and 3.1% (3 Day Average).  
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iv. Total Error Calculated with Absolute Value

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio
	90+ Degree Day

	Total Error Calculated with Absolute Value
	Mean
	0.039
	0.045
	0.037
	0.040
	0.036
	0.050

	
	Std. Dev.
	0.026
	0.023
	0.018
	0.019
	0.020
	0.046

	
	95% Confidence Interval for the Mean
	(0.027, 0.050)
	(0.035, 0.055)
	(0.029, 0.045)
	(0.032, 0.049)
	(0.027, 0.045)
	(0.030, 0.070)


For Total Error Calculated with Absolute Value, SAM produces a sample mean of 3.9% with 95% confidence that the population mean is between 2.7% and 5.0%.  All of the other methods have sample means that are not statistically different from SAM.  Also, all of the confidence interval ranges lie between 1.5% (Recursive Day Averaging) and 2.4% (SAM) except for the 90+ Degree Day Method which has a confidence interval range of 4.0%.  
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v. Summary
Most methods model the class of customers with load factors larger than 50% well. The Recursive Day Averaging, 25% ADEPU, and ADEPU Ratio Methods match SAM in accuracy for all four statistics.  These three methods also match SAM in terms of precision for this class of customers.  The other two methods match SAM in only two of the four statistics. 
VI. STATISTICAL ANALYSIS OF ADJUSTMENT METHODS

1.)  Analysis of SAM with other adjustments
The design of SAM included an additive adjustment in the calculation of the model.  Therefore, it was not deemed necessary to analyze SAM with any of the other additive adjustments.  However, it was thought to be of interest to modify SAM to include a scalar adjustment instead of an additive adjustment.  Statistical analysis on this new model was computed and compared to the original SAM method.
The first step in modifying SAM was to obtain a forecasting baseline.  This was done by taking the measured usage of the customer at 08:00 and fitting the average temperature slopes accordingly.  The scalar adjustment factor consisted of the ratio of the average of the recorded usage values from the two hours prior to the predicted values.  The forecasting baseline was multiplied by this factor for the duration of the DR event period. This scalar adjustment uses the same methodology as the adjustments associated with the 25% ADEPU and ADEPU Ratio Methods.  The only difference is that the two hours immediately prior to the DR event were chosen to compute this adjustment because those are the hours used in SAM’s built in additive adjustment. The results of the statistical analysis are in Table 33 below. 

Table 33: Comparison of SAM with Additive Adjustment and Scalar Adjustment

	 
	SAM 
	SAM with Scalar Adjustment

	Average Hourly Error
	Mean
	0.092
	0.100

	
	Std. Dev.
	0.111
	0.137

	
	95% Confidence Interval for the Mean
	(0.066, 
0.117)
	(0.069, 
0.131

	Peak Error
	Mean
	0.089
	0.078

	
	Std. Dev.
	0.212
	0.126

	
	95% Confidence Interval for the Mean
	(0.041, 
0.138)
	(0.492, 
0.107)

	Total Error
	Mean
	-0.002
	-0.007

	
	Std. Dev.
	0.070
	0.069

	
	95% Confidence Interval for the Mean
	(-0.018, 
0.014)
	(-0.023, 
0.008)

	Total Error Calculated with Absolute Value
	Mean
	0.067
	0.066

	
	Std. Dev.
	0.087
	0.079

	
	95% Confidence Interval for the Mean
	(0.047,
0.086)
	(0.049,
0.084)


KEY FINDING:

As summarized in Table 33 it can be seen that there is no difference in accuracy or precision for any of the statistics when the model is computed using the built in additive adjustment or when a separate baseline is computed and a scalar adjustment applied.  
2.) Analysis of other methods with a SAM type adjustment
When breaking down what the built in adjustment of SAM is actually doing, it ends up being the same as taking a pre-made baseline and calculating the difference between the baseline and the actual usage for the two hours prior to the start of the event.  These differences are averaged, and this average is then added to the original baseline to create an adjusted baseline.  The Recursive Day Averaging Method and 90+ Degree Day Method already utilize an additive adjustment that averages the two hours prior to a DR event, so those two methods are not included in the analysis below.
i. 25% ADEPU Method

The 25% ADEPU Method originally contained a scalar adjustment that averaged the third and fourth hours prior to the start of a DR event.  The baseline adjusted using that method is compared side by side with the additive adjustment in Table 34.

Table 34: 25% ADEPU Method with SAM Adjustment
	 
	25% ADEPU Method
	25% ADEPU Method with SAM adjustment

	Average Hourly Error
	Mean
	0.136
	1.285

	
	Std. Dev.
	0.193
	8.714

	
	95% Confidence Interval for the Mean
	(0.092,
 0.180)
	(0.000, 

3.270)

	Peak Error
	Mean
	0.132
	0.211

	
	Std. Dev.
	0.381
	1.014

	
	95% Confidence Interval for the Mean
	(0.045, 
0.219)
	(0.000, 

0.442)

	Total Error
	Mean
	0.014
	-0.343

	
	Std. Dev.
	0.124
	2.186

	
	95% Confidence Interval for the Mean
	(-0.014, 
0.042)
	(-0.841, 
0.155)

	Total Error Calculated with Absolute Value
	Mean
	0.112
	0.431

	
	Std. Dev.
	0.193
	2.255

	
	95% Confidence Interval for the Mean
	(0.068, 
0.156)
	(0.000, 

0.945)


The 25% ADEPU model baseline that was adjusted with the scalar adjustment was more accurate than the baseline adjusted with the additive adjustment for all statistics except for Peak Hour Error.  While the additive adjustment matched the scalar adjustment in accuracy for the Peak Hour Error, the confidence interval range was over twice as large causing it to be much less precise.  

ii. ADEPU Ratio Method

The ADEPU Ratio Method also utilizes a scalar adjustment which averages the second and third hours before an event period.  The comparison is summarized in Table 35.

Table 35: ADEPU Ratio Method with SAM adjustment
	 
	ADEPU Ratio Method
	ADEPU Ratio Method with SAM adjustment

	Average Hourly Error
	Mean
	0.125
	1.333

	
	Std. Dev.
	0.174
	8.628

	
	95% Confidence Interval for the Mean
	(0.086, 
0.165)
	(0.000,

 3.299)

	Peak Error
	Mean
	0.111
	0.317

	
	Std. Dev.
	0.248
	1.866

	
	95% Confidence Interval for the Mean
	(0.055, 
0.168)
	(0.000, 

0.742)

	Total Error
	Mean
	0.004
	-0.354

	
	Std. Dev.
	0.100
	2.245

	
	95% Confidence Interval for the Mean
	(-0.019, 
0.026)
	(-0.865, 
0.158)

	Total Error Calculated with Absolute Value
	Mean
	0.098
	0.441

	
	Std. Dev.
	0.147
	2.292

	
	95% Confidence Interval for the Mean
	(0.064,
 0.131)
	(0.000, 

0.963)


For the ADEPU Ratio Method, all statistics had lower sample mean values and smaller confidence interval ranges when the scalar adjustment was used.  When the additive adjustment was used, no sample mean fell within the confidence interval of the corresponding statistic associated with using the scalar adjustment.

iii. 3 Day Average Method

The last method included in this section is the 3 Day Average Method.  This method does not include a “day of” adjustment.  As evidenced in Table 36, an additive adjustment taken two hours prior to the event does not fit well with this model.

Table 36: 3 Day Average Method with SAM adjustment

	 
	3 Day Average Method
	3 Day Average Method with SAM adjustment

	Average Hourly Error
	Mean
	0.444
	0.244

	
	Std. Dev.
	2.744
	1.249

	
	95% Confidence Interval for the Mean
	(0.000, 
1.069)
	(0.000, 

0.529)

	Peak Error
	Mean
	0.205
	1.37

	
	Std. Dev.
	0.630
	9.160

	
	95% Confidence Interval for the Mean
	(0.062,
 0.349)
	(0.000, 

3.458)

	Total Error
	Mean
	0.119
	-0.365

	
	Std. Dev.
	0.722
	2.328

	
	95% Confidence Interval for the Mean
	(-0.046,
 0.283)
	(-0.896, 
0.165)

	Total Error Calculated with Absolute Value
	Mean
	0.193
	0.454

	
	Std. Dev.
	0.708
	2.378

	
	95% Confidence Interval for the Mean
	(0.032,
 0.355)
	(0.000, 

0.996)


The Average Hourly Error sample mean for the 3 Day Average Method without an adjustment was 44.4% with 95% confidence that the sample mean was between 0% and 106.9%.  The baseline adjusted using the additive adjustment had a sample mean value of 24.4%, so the two adjustments did not produce errors that were statistically different.  However, for every other statistic the model without any adjustment had both greater accuracy and greater precision.

3.) Conclusion

The analysis of SAM with both types of adjustments shows that either adjustment would produce an accurate and precise model.  The additive adjustment has the benefit that it is built into the model, and therefore only one baseline needs to be calculated.  However, in some situations the scalar adjustment might be preferable and can just as easily be used.

When looking at other methods with the additive adjustment instead of the scalar adjustment, it became clear that the additive adjustment did not produce models that were as accurate.  One similarity that the methods that employ a scalar adjustment have in common is that the days to create the baseline are the days in a historic period that have the highest electricity consumption.  One thing that would be of interest to research is whether this method of choosing days is the factor that causes these methods to be modeled more accurately with a scalar adjustment instead of an additive one.

VII. STATISTICAL ANALYSIS OF SUMMER vs. WINTER

The majority of DR events are called during the summer months due to peak demands related to hot weather.  With this in mind, the SAM model was developed by modeling summer peak load days.  However, it is possible for a DR event to be called during the winter months.  The accuracy of SAM when modeling a winter load, as well as the accuracy of four of the five other methods previously discussed, was determined by modeling a peak winter demand day, February 5, 2007.  The descriptive statistics describing these models can be found in Table 37 below.
Table 37:  Summary of Descriptive Statistics for a Winter Demand Response Event

	 
	SAM
	3 Day Average
	Recursive Day Averaging
	25% ADEPU
	ADEPU Ratio

	Average Hourly Error
	Mean
	0.083
	0.208
	0.949
	0.130
	0.121

	
	Std. Dev.
	0.090
	0.589
	6.187
	0.179
	0.168

	
	95% Confidence Interval for the Mean
	(0.062, 0.104)
	(0.070, 0.346)
	(0.000, 2.398)


	(0.088, 0.171)
	(0.081, 0.160)

	Peak Error
	Mean
	0.090
	0.110
	0.176
	0.100
	0.090

	
	Std. Dev.
	0.128
	0.192
	0.845
	0.151
	0.147

	
	95% Confidence Interval for the Mean
	(0.060, 0.120)
	(0.065, 0.155)
	(0.000, 2.398)
	(0.065, 0.136)
	(0.056, 0.125)

	Total Error
	Mean
	-0.012
	0.113
	-0.080
	-0.008
	-0.009

	
	Std. Dev.
	0.100
	0.506
	0.840
	0.143
	0.127

	
	95% Confidence Interval for the Mean
	(-0.035, 0.012)
	(-0.006, 0.231)
	(-0.277, 0.117)
	(-0.042, 0.025)
	(-0.039, 0.021)

	Total Error Calculated with Absolute Value
	Mean
	0.061
	0.146
	0.197
	0.0848
	0.074

	
	Std. Dev.
	0.081
	0.497
	0.821
	0.115
	0.104

	
	95% Confidence Interval for the Mean
	(0.042, 0.080)
	(0.029, 0.262)
	(0.004, 0.389)
	(0.058, 0.112)
	(0.050, 0.098)


When compared with the summer models (whose statistics are found in Table 23), it can be seen that SAM, the 25% ADEPU Method, and the ADEPU Ratio Method all model winter and summer loads with equal accuracy.  However, the 3 Day Average and Recursive Day Averaging Methods model winter loads better than they model summer loads, which is evidenced by an increase in accuracy in the Average Hourly Error for the Recursive Day Averaging Method and an increase in accuracy for both the Average Hourly Error and Peak Hour Error for the 3 Day Average Method.
When compared with each other, it can be seen that SAM is a more accurate model for the winter months.  This observation is elaborated on below.  

i. Average Hourly Error

When modeling a winter load, SAM has an Average Hourly Error of 8.3% with 95% confidence that the population mean is between 6.2% and 10.4%.  None of the other methods produces models with errors in this range.  
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ii. Peak Hour Error

For Peak Hour Error, the model created using SAM had a sample mean of 9.0% with 95% confidence that the population mean lies between 6.0% and 12.0%.  The 3 Day Average, 25% ADEPU, and ADEPU Ratio Methods all produce errors within this confidence interval.  The confidence interval range for SAM is 6%.  The 25% ADEPU and ADEPU Ratio Methods come close to this precision, with confidence interval ranges of 7.1% and 6.9% respectively.  However, the 3 Day Average Method is less precise with a confidence interval range of 9.0%
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iii. Total Error

For Total Error, SAM has a sample mean of -1.2% with 95% confidence that the population mean is between -3.5% and 1.2%.  It can be seen that the 25% ADEPU and ADEPU Ratio Methods match SAM in accuracy and precision for this statistic.  The 3 Day Average and Recursive Day Averaging Methods both produce sample means that are outside of SAM’s confidence interval.  It can be noted that the Recursive Day Averaging Method has a value of -8.0%, which indicates that this model tends to underestimate a customer’s usage when modeling a winter load.  The 3 Day Average Method has a value of 11.3%, which indicates that this model tends to overestimate a customer’s usage.
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iv. Total Error Calculated with Absolute Value

SAM had an average Total Error Calculated with Absolute Value of 6.1% with 95% confidence that the population mean is between 4.2% and 8.0%.  The only method that is not statistically different than SAM for this statistic is the ADEPU Ratio Method, with a value of 7.4%.  The ADEPU Ratio Method has a slightly larger confidence interval range of 4.9% compared with SAM’s 3.8%.
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VIII. STATISTICAL ANALYSIS OF VARYING START TIMES

All of the previous analyses were based on modeling a DR event that started at 13:00.  While this is a very common time for a DR event to occur, it is also likely that a DR event could be called later in the afternoon.  A goal of this study was to determine a method that can be used for DR events starting at any time. 

In the previous sections, the statistical analysis showed that the slope averaging method yields more accurate models for almost all classes of customers when the DR event started at 13:00.  For this reason we will limit the analysis of creating models with different starting times to just the SAM model.  Three different times were chosen for the DR event to occur: 13:00, 14:00, and 16:00.  13:00 and 14:00 tend to be the times that commercial and industrial customers have peak usage, making them natural choices for DR events.  16:00 is during the time when the total system peak occurs.  This is due to many commercial and industrial customers still consuming electricity while the residential load is beginning to come on-line.  This makes 16:00 another likely time for a DR event. 
The analysis was first done on the entire sample of 74 customers, with the results summarized in Table 38.
Table 38: Comparison of Descriptive Statistics for SAM with Different Starting Times

	 
	13:00 start
	14:00 start
	16:00 start

	Average Hourly Error
	Mean
	0.092
	0.091
	0.451

	
	Std. Dev.
	0.111
	0.103
	1.997

	
	95% Confidence Interval for the Mean
	(0.066, 0.117)
	(0.068, 0.115)
	(0.000,

 0.906)

	Peak Error
	Mean
	0.089
	0.089
	0.306

	
	Std. Dev.
	0.212
	0.212
	1.833

	
	95% Confidence Interval for the Mean
	(0.042, 0.138)
	(0.040, 0.137)
	(0.000, 

0.723)

	Total Error
	Mean
	-0.002
	-0.002
	0.290

	
	Std. Dev.
	0.070
	0.069
	1.988

	
	95% Confidence Interval for the Mean
	(-0.018, 0.014)
	(-0.018, 0.014)
	(-0.163, 
0.742)

	Total Error Calculated with Absolute Value
	Mean
	0.067
	0.066
	0.371

	
	Std. Dev.
	0.087
	0.083
	1.977

	
	95% Confidence Interval for the Mean
	(0.047, 0.086)
	(0.047, 0.085)
	(0.000,

 0.821)


As is evidenced in the table, the statistics for the 13:00 start and the 14:00 start are nearly identical, with no measurable difference in accuracy or precision.  However, the statistics for the 16:00 start are significantly higher.  As with previous analysis, it was thought this high value might be due to one particular class of customers skewing the data.  For this reason, the sample was divided by load factor and the analysis was run on each of the divisions.  These results are summarized in Tables 39, 40, and 41.
Table 39: Comparison of Descriptive Statistics for Customers with Load Factor Less Than 40%

	 
	13:00 start
	14:00 start
	16:00 start

	Average Hourly Error
	Mean
	0.160
	0.156
	1.113

	
	Std. Dev.
	0.157
	0.141
	3.307

	
	95% Confidence Interval for the Mean
	(0.097, 0.224)
	(0.099, 0.213)
	(0.000, 2.449)

	Peak Error
	Mean
	0.167
	0.118
	0.762

	
	Std. Dev.
	0.342
	0.130
	3.077

	
	95% Confidence Interval for the Mean
	(0.029, 0.305)
	(0.066, 0.171)
	(0.000, 2.005)

	Total Error
	Mean
	-0.009
	-0.018
	0.800

	
	Std. Dev.
	0.104
	0.100
	3.333

	
	95% Confidence Interval for the Mean
	(-0.051, 0.033)
	(-0.582, 0.023)
	(-0.547, 2.146)

	Total Error Calculated with Absolute Value
	Mean
	0.118
	0.112
	0.950

	
	Std. Dev.
	0.123
	0.118
	3.297

	
	95% Confidence Interval for the Mean
	(0.068, 0.168)
	(0.064, 0.159)
	(0.000, 2.282)


For the customers with low load factor, the 13:00 and 14:00 start times produce equally accurate models.  However, for this class, the 16:00 start time has a significantly larger sample mean and confidence interval range for every statistic.  

Table 40: Comparison of Descriptive Statistics for Customers with Load Factor Between 40% and 50%

	 
	13:00 start
	14:00 start
	16:00 start

	Average Hourly Error
	Mean
	0.066
	0.066
	0.103

	
	Std. Dev.
	0.059
	0.060
	0.085

	
	95% Confidence Interval for the Mean
	(0.041, 0.091)
	(0.041, 0.092)
	(0.067, 0.139)

	Peak Error
	Mean
	0.053
	0.047
	0.044

	
	Std. Dev.
	0.065
	0.059
	0.037

	
	95% Confidence Interval for the Mean
	(0.026, 0.080)
	(0.022, 0.072)
	(0.029, 0.060) 

	Total Error
	Mean
	-0.005
	0.001
	0.026

	
	Std. Dev.
	0.054
	0.052
	0.071

	
	95% Confidence Interval for the Mean
	(-0.028, 0.018)
	(-0.021, 0.023)
	(-0.004, 0.056)

	Total Error Calculated with Absolute Value
	Mean
	0.048
	0.050
	0.064

	
	Std. Dev.
	0.047
	0.049
	0.057

	
	95% Confidence Interval for the Mean
	(0.028, 0.068)
	(0.029, 0.070)
	(0.040, 0.088)


For the customers with load factor between 40% and 50%, the 13:00 and 14:00 start times once again produced almost identical statistics.  When comparing the 16:00 start time to the 13:00 start time, it can be seen that the Peak Hour Error and Total Error Calculated with Absolute Value are not statistically different.  

For Peak Hour Error, the 13:00 start time had a sample mean of 5.3% with 95% confidence that the population mean is between 2.6% and 8.0%.  The 16:00 sample mean for this statistic easily fell within this range with a value of 4.4%.   When looking at precision, the 16:00 start had a slightly smaller confidence interval range of 3.1% compared to the range of 5.4% for the 13:00 start.
The Total Error with the 13:00 start was 4.8% with 95% confidence that the population mean is between 2.8% and 6.8%.  The 16:00 start had a sample mean value of 6.4%, which cannot be said to be statistically different from the 13:00 start.  The confidence interval range for the 16:00 start is 4.7%, which is slightly higher than the 4.0% confidence interval range associated with the 13:00 start.
For the other two statistics, the 16:00 start produced sample means that were just larger than the top end of the 13:00 confidence interval.

Table 41: Comparison of Descriptive Statistics for Customers with Load Factor Greater than 50%

	 
	13:00 start
	14:00 start
	16:00 start

	Average Hourly Error
	Mean
	0.041
	0.043
	0.080

	
	Std. Dev.
	0.020
	0.023
	0.081

	
	95% Confidence Interval for the Mean
	(0.032, 0.049)
	(0.033, 0.053)
	(0.045, 0.115)



	Peak Error
	Mean
	0.040
	0.032
	0.074

	
	Std. Dev.
	0.029
	0.022
	0.092

	
	95% Confidence Interval for the Mean
	(0.028, 0.053)
	(0.030, 0.049)
	(0.034, 0.113)

	Total Error
	Mean
	0.008
	0.012
	-0.001

	
	Std. Dev.
	0.025
	0.028
	0.067

	
	95% Confidence Interval for the Mean
	(-0.003, 0.018)
	(0.000, 0.024)
	(-0.030, 0.028)

	Total Error Calculated with Absolute Value
	Mean
	0.029
	0.032
	0.050

	
	Std. Dev.
	0.015
	0.018
	0.046

	
	95% Confidence Interval for the Mean
	(0.022, 0.036)
	(0.024, 0.040)
	(0.030, 0.070)


Lastly, for the customers with large load factor (greater than 50%), the 13:00 and 14:00 start times produced nearly identical statistics.  The 16:00 model matched them in accuracy for the Total Error statistic, but was slightly higher for the rest of the statistics.  While it produced sample mean values that were statistically higher than the 13:00 and 14:00 values, the model starting at 16:00 still produces an accurate model.  The largest sample mean value was for the Average Hourly Error, which was at 8.0% and 95% confidence that the population mean falls between 4.5% and 11.5%.  
In summary, the statistics show that there is no difference between starting the model at 13:00 and starting the model at 14:00.  While there is a difference between starting the model at 13:00 and starting the model at 16:00, the model at 16:00 is still an appropriate model for customers with load factors greater than 40%.  

IX. SUMMARY OF STATISTICAL ANALYSIS

The analysis of this paper has shown that SAM is a versatile and viable baseline methodology.  When looking at the entire sample of 74 customers from the industrial and commercial classes, SAM produced sample means that were within 10% of the actual value for all statistics.  Another thing to note is that the upper ends of the confidence intervals for these statistics were 11% for the Average Hourly Error, 14% for the peak error, 2% for the Total Error, and 9% for the Total Error Calculated with Absolute Value.  Therefore, it can be said that the SAM method will produce errors less than those values 95% of the time.  No other model could match SAM in both accuracy and precision.
When the sample was divided based on whether a customer was commercial or industrial, SAM still modeled each segment of customers more accurately and precisely than any other model.  The only method that matched SAM in accuracy for any segment of customers was the Recursive Day Averaging Method, which matched SAM in accuracy for all four key statistics for the industrial segment.  However, this method did not match SAM in precision.
When the sample was divided based on SIC code, once again no method matched SAM in accuracy and precision for all the customer segments.  The only method that matched SAM in accuracy for any customer segment was the ADEPU Ratio Method, which matched SAM for all four key statistics for the customers with SIC codes between 5000 and 5999 (retailers and food services).  Once again, this method did not match SAM in precision.  

When dividing the sample based on load factor, it was evident that no method modeled the low load factor customers as well as SAM.  For the mid-range load factor customers (load factors between 40% and 50%), SAM had all four sample means less than 7.5%.  The Total Error Calculated with Absolute Value had the upper end of its confidence interval at 11%.  All the other statistics had upper ends that were less than 9%.  For these mid-range load factor customers, the Recursive Day Averaging and ADEPU Ratio Methods both matched SAM in accuracy and precision.  However, it can be noted that for three of the four statistics, both of these methods had confidence intervals with higher upper end values.

For the high load factor customers (load factor greater than 50%), SAM produced sample means for the errors that were all less than 4.5%.  Also, no confidence interval had an upper end that ranged higher than 5.4%.  While the Recursive Day Averaging, 25% ADEPU, and ADEPU Ratio Methods all matched SAM in accuracy and precision, none had the property that all of their confidence intervals had upper ends that were less than 5.4%.  
In summary, it can be said that there is no segment of customers for which SAM produces a less accurate, less precise model than any of the other methods.  Likewise, there are several segments of customers for which SAM has no match.

In terms of adjustments, SAM was proven to be just as accurate with the built in additive adjustment as it was with a scalar adjustment applied after creating a baseline.  The built in adjustment has the added advantage that it streamlines the baseline calculation process and eliminates the need for a separate adjustment.  

While SAM was designed for the purpose of modeling summer loads, it was observed that SAM modeled winter loads with just as much accuracy and precision as it modeled summer loads.  Not only that, but SAM was the most accurate of all the methods for modeling winter loads.

SAM can easily be applied to DR events starting at 13:00 or 14:00.  As with the comparative analysis, it was noted that customers with a low load factor are hard to model.  Therefore, SAM can be used to model an event starting at 16:00, but should be limited to customers with load factors greater than 40% for events starting at that time.

SECTION 6: CONCLUSION

SAM is a unique model in that it is the first to utilize the idea of averaging hourly slopes to create a baseline. This method has statistically been shown to be both more accurate and more precise than any other method for several classes of customers.  For those classes where SAM could not be said to be more accurate, there were several methods (including SAM) that were all of equal accuracy.  SAM also has many characteristics that might make it a desirable method for some DR programs.  One of these is a built-in adjustment that eliminates the need to recalculate the baseline.  Another positive characteristic is the ability to create baselines as needed instead of needing to create a new one every day, whether or not it is needed.
The methodology for SAM is simple enough so that both utilities and customers can understand how the baseline is being calculated.  For the majority of customers, the day selection process is extremely straightforward, with the five non-holiday weekdays before an event being chosen.  The calculation itself involves only subtraction and averaging, which should make it accessible to most people.  

For most customers, the SAM method would be easy to automate and implement, with the provisions for the manufacturing segment being the one part that still needs to be automated.  This lack of an automation process as of yet indicates that another method might be appropriate for the manufacturing segment of customers.  The analysis of this paper indicated that for the manufacturing customers several of the other methods, including the 25% ADEPU and ADEPU Ratio Methods, would be appropriate choices.  

While this analysis has shown the SAM method to be more accurate and precise, that might not be the case for customers in different parts of the country.  Analysis should be run with data from regions other than the Detroit metropolitan area to determine which methods are best suited for each particular region.  

Due to the variability between types of customers, it is improbable that one baseline methodology will model all customers equally well.  It is also possible that the best model involves choosing different methodologies for different classes of customers.  These observations lead naturally to the need to further study the current baseline methodologies and continue to develop new and improved baseline methodologies.
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� The Recursive Day Averaging method is currently employed by ISO New England.


� The 25% ADEPU method is currently used by the New York ISO for its Day-Ahead Demand Response Program.


� The ADEPU Ratio Method is utilized by PJM for its Economic Load Response program.


� The 3 Day Average Method was used by California ISO until recently.  It was replaced by a model described in Load Impact Estimation for Demand Response: Protocols and Regulatory Guidance, which was published in April 2008 by the California Public Utilities Commission Energy Division.


� The 90+ Degree Day Method is a model developed by DTE Energy, but is not currently used in any of its DR programs.


� Grimm, Clifford. “Evaluating Baselines for Demand Response Programs.  A link to this paper can be found on the AEIC website at: www.aeic.org/load_research/papers.html
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