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Introduction

Very few outside of the load research profession truly understand the value of load research in making critical business decisions.  In 1992, Boston Edison (BECO), now part of NSTAR, agreed to freeze its distribution rates for ten (10) years with the Massachusetts Department of Telecommunications and Energy (DTE). As a result, NSTAR dismantled their Rates and Load Research departments and discontinued reading their load research meters. 
In 1998 deregulation changed the map in Massachusetts. The DTE ordered that distribution companies’ load research profiles be used to estimate suppliers’ loads and installed capacity (ICAP) values.  NSTAR used 1992 BECO, 1995 Cambridge Electric (CAMB), and 1995 Commonwealth Electric (COMM) load profiles for this function until they were replaced with 2003 load profiles in 2005. 
NSTAR made several attempts to update its load research program. Its efforts were challenged by many obstacles, including merger activities, technology failures, poor installation procedures, and numerous management changes. These detours resulted in significant data loss, loss of employee knowledge, no senior management sponsorship, no field commitment, and a shift of the load data gateway to other areas. 
In October 2005, NSTAR performed an assessment of its load research program to determine the status and health of its existing load research samples. Based on the assessment, NSTAR has initiated a sample upgrade plan to improve the current sample load estimates and also to redesign and replace its samples. 

This paper reviews the background surrounding NSTAR’s current load research program, some observations about the health of the samples, a sample augmentation plan, a few preliminary results of augmentation tests, and a new sample plan that should mitigate the risks.  
Background 

Collecting and processing load research data requires a substantial commitment of financial and labor resources. Long lead times are required after the decision is made to proceed with a study until the load data are collected and analyzed. Typically, once a decision has been made and budget is available, it takes at least two years before results are available for a full test year.  

From a regulatory perspective, NSTAR and other Massachusetts investor owned utilities are required to perform continuous load research on its rate class populations for purposes of cost of service and to maintain samples that can achieve a design accuracy of +/- 10% at the 95% confidence level as ordered in 1984 by the DTE in Docket D.P.U 84-165-A for Cambridge Electric Light. 

“Therefore, we order the Company to meter each rate class sufficiently and continuously such that data are available for every class regardless of the test period chosen. Further, we order the Company to improve its sample design so as to obtain at least a 95 percent confidence limit in it‘s sampling results as opposed to the 90 percent presently achieved. Our goal is equalized ROR; it is reasonable to attempt to attain it based on load data with at least 95 percent confidence.”

“…we find that historical loads must be matched with the test year for cost allocation purposes.”

Therefore, if NSTAR were to perform a cost-of-service study for a rate case, the load research data results should span the same time period as the financial data. For example, a 2004 cost-of-service study would be based on 2004 load research results and financial data. Lead time to having load research results, from obtaining budget approval to one year of uninterrupted collection, must be factored into the timeline to obtain a “continuous” load research program. However, NSTAR’s load research program was not installed and maintained properly. It experienced significant loss of data and did not achieve continuous results at the desired accuracy level. 
Ten (10) years past and NSTAR proposed a distribution rate case with a 2004 test year; however no load research data was available for that period. 2003 load research results had to be used. Upon review of the NSTAR’s 2003 load research data results, the relative precision levels averaged over 20%, not the commission ordered 10% at 95 percent confidence limits.  The rate case was settled and no load research data was ever filed.  This “opportunity” raised the awareness of senior management.   
Senior management was also informed that the load research data was being used for other critical functions, in particular, load estimation and reconciliation for ISO New England (ISO-NE) wholesale market settlement. Over 55% of NSTAR’s load in the ISO-NE settlement process is estimated from the load research samples. Over $2 billion dollars annually are allocated based on these load profile estimates. Cost of service studies require that the load research estimates are accurate for the peak hours of the year; whereas load estimation and reconciliation requires that the load research estimates are accurate for all hours of the year.  The potential for disputes and litigation around these load profiles estimates became more apparent when another Northeast utility settled a dispute with a market participant.  
Observations
There were many factors that influenced the decision to upgrade NSTAR’s load research program. These factors include:

· age of the samples
· significant loss of data  

· sample design and size specifications

· sample bias 

· accuracy of the sample results

The following observations highlight the impact of these factors on NSTAR’s samples. 

Sample Longevity

All of NSTAR’s study samples are over nine (9) years old. Sample longevity for samples in the industry is approximately three to five years depending upon the sample design, the degree of over-sampling, and method of expansion estimation.  Over time, customer population distributions by stratum, appliance ownership, or geographic area do change. NSTAR’s customer trends have changed over time and the samples do not accurately reflect these trends, leading to degradation of the statistical validity of the samples. For example, BECO G-1’s population increased nineteen (19) percent in the last 9 years.
Data Loss

The samples in place have experienced significant meter and communication failure, incomplete sample installations, and slack meter reading practices, causing significant data loss and compromising the samples. The BECO samples, which represent most of the NSTAR customers, have seen the greatest amount of data loss, approximately forty-seven (47) percent. 
Sample Size

The number of sample points within each stratum is less than thirty (30). The industry standard for the number of sample points within each stratum is a minimum of thirty (30) sample points, particularly in utility environments where data acquisition is problematic. With the low stratum sizes, sample hourly estimates are quickly compromised with any sample attrition. For example, a precision value could not be calculated for the BECO R-1 sample because not enough data was available for the analysis. The ability to perform sub-population analysis is difficult, if not impossible, since there are so few sample points available for analysis. 
Sample Bias
Sample bias existed not only by virtue of the installation process where sample points were either installed or not installed out of convenience, but also resulted from NSTAR’s sample replacement process. During the installation process primary selection sites that were identified as under coverage (indoor) were systematically replaced by non-coverage alternate sites. Outdoor metering is typical of new construction and these sites have significantly different usage patterns as compared to older construction with indoor metering. Both BECO and CAMB are urban territories with over fifty (50) percent indoor metering. This replacement methodology presented bias in samples representing populations with a high percentage of indoor meters. 
Sample Accuracy

A review of the relative precisions of the sample estimates showed extreme degradation in the samples. The relative precisions for the 2003 results averaged from 20 percent to over 30 percent. Certain hours reached precisions as high as 67 percent. What is apparent from the sample validation is that the samples do not have enough data points to withstand any changes in customer usage patterns within the data points. Since NSTAR uses mean-per-unit estimation for its estimation technique, there is no buffer to smooth out estimates with troublesome data.

Upon review of the original sample designs, many of the designs do not meet the minimum requirement of 95/10 accuracy levels ordered by the DTE.  From an industry standard perspective, all investor owned utilities, except for NSTAR, who participate in the ISO-New England market design their samples based on 95/5 accuracy levels.
Sample Augmentation
The assessment determined that significant investment of time, money, and resources would be required to make NSTAR’s load research program compliant and healthy. Meaning all new samples would need to be designed and installed. Since the lead time is greater than two years before compliant sample studies are producing accurate results, the current sample studies must somehow be augmented in the interim to improve load estimates and precisions.  

Plan

NSTAR proposes a sample augmentation plan that consists of several sampling techniques to improve sample estimates and precisions. These techniques include:

· Ratio estimation expansion methodology 

· Post stratification, and 

· Load data transfer 

It is expected that no one technique will work for all the samples. A combination of techniques will be used, depending on the sample and the availability of like data.  
The current samples were designed for ratio estimation.  In practice, NSTAR employs mean-per-unit for expansion of sample estimates to the population. In the future, NSTAR plans to develop statistical load profiles using ratio estimation. 

A review of the 2003 statistical rate class load profiles indicated that:

1. The BECO R-1 and R-1 Water Heating (WH) samples can be combined for a totalized R-1 load profile to improve the relative precisions. There is no regulatory requirement to monitor R-1 WH customers separately.  Since these two samples were designed using different stratifying variables (R-1: Winter kWh and R-1 WH: Summer kWh), a common stratifying variable, average annual kWh will be used to post stratify the sample based on optimal stratum breakpoints.  

2. The BECO G-2 Commercial (C) and G-2 Industrial (I) samples can be combined for a totalized G-2 load profile to improve the relative precisions. Again there is no regulatory requirement to monitor the G-2 C and G-2 I separately. The sample points will be post stratified based on a common stratifying variable. 

3. No data transfer will be performed on the BECO R-2, CAMB R-1, and all the COMM samples.  The existing sample points will be post-stratified to reflect the new sample design breakpoints. 

Table 1 provides a summary of each sample, the precision average for 2003 and precision range, and the augmentation plan that should improve the sample estimates for the interim until new sample designs and metering can be implemented. The 2005, 2006, 2007 monthly statistical load profiles will be developed using the specified augmentation plan.  
Table 1

Sample Augmentation Plan

	CO
	Rate
	Precision 

Range
	Average

Precision
	Plan

	BECO
	R-1

R-1 WH
	N/A* 

11%-41%
	N/A*

21%
	-Combine R-1 & R-1WH

-Design Avg. Annual kWh

-Post stratify existing points to new design

	BECO
	R-2
	13%-67%
	25%
	Post stratify 

	BECO
	R-3
	13%-36%
	20%
	- Post stratify CAMB R-3 to BECO R-3 sample design.

	BECO
	G-1
	15%-38%
	24%
	- Post stratify CAMB G-1-Str.1 to BECO G-1

	BECO
	G-2C

G-2I


	22%-63%

21%-35%
	30%

27%
	-Combine Survey G2C & G2I

-Design Avg. Annual kW

-Post stratify existing points to new design 

	
	
	
	
	

	COMM
	R-1
	10%-27%
	16%
	Post stratify 

	COMM
	R-3
	16%-29%
	21%
	Post stratify

	COMM
	G-1
	13%-30%
	20%
	Post stratify

	
	
	
	
	

	CAMB
	R-1
	11%-24%
	15%
	Post stratify

	CAMB
	R-3
	13%-30%
	21%
	- Post stratify BECO R-3 to CAMB R-3

	CAMB
	G-1
	13%-30%
	21%
	- Post stratify BECO G-1 to CAMB to G-1


*Not enough data to calculate precisions

Preliminary Test Results 
Historically, as separate companies, NSTAR has used both mean-per-unit and ratio estimation to expand its sample results to the population. BECO used mean-per-unit and CAMB and COMM used ratio estimation.  After the merger, BECO dominated load research; therefore, NSTAR’s current expansion technique is mean-per-unit. 

As part of the augmentation plan, NSTAR is evaluating ratio estimation alone and in conjunction with post stratification. This will meet two of NSTAR’s objectives 1) to improve the current sample results in the interim, and 2) to use ratio estimation for all future load research.  
NSTAR has just begun the evaluation process and is interested in what other utilities have done to augment their samples. The following test results are preliminary, yet show promise in regards to successfully augmenting the current samples in the interim until the new samples are in place. 

Mean-Per-Unit versus Ratio Estimation
NSTAR performed mean-per-unit analysis and ratio estimation analysis and compared the relative precisions for its COMM Residential R-1 and Small General Service G-1 rate classes. 

Graph 1 compares the COMM Residential R-1 July   2005 sample mean-per-unit relative precisions to relative precisions derived from ratio estimation.  Ratio estimation improved the average relative precision from 16.33 percent to 13.10 percent. 
Graph 1

Residential R-1 Relative Precisions
Mean-per-unit versus Ratio Estimation
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Small General Service

Mean-per-unit versus Ratio Estimation

Graph 2 shows that for the COMM Small General Service G-1 rate class, ratio estimation has an even greater impact on relative precisions. The average relative precisions improved from 25.72 percent to 11.17 percent.  The range improved from 17.9-38.3 percent to 05.9-30.8 percent.
Graph 2

Small General Service G-1 Relative Precisions
Mean-per-unit versus Ratio Estimation
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Post Stratification 
Post stratification is the practice of re-classifying sample points to a stratum other than those to which they were originally assigned. The approach is typically used within a sample study, but can also be utilized to post stratify transferred data from another utility with similar population characteristics. In NSTAR’s case, post stratification becomes a viable interim solution to enhance the demand estimates for the statistical load profiles. Since BECO and CAMB populations are quite similar, NSTAR is able to transfer load data from one distribution company to another distribution company for certain samples and utilize post stratification to fit the transferred data to the target sample. 
Our preliminary test focused on the above COMM samples. Although, the COMM samples are over nine (9) years old, these samples have lost the least amount of data.  During the past nine (9) years, the COMM territory has experienced compounded annual growth of 2.5 percent, due to the increase in population and in air conditioning appliance saturation. Post stratification for these samples is expected to provide results which are more representative of the target population than the ailing samples.  
Tables 2 and 3 show how the sample points fell after post stratification.  Though the distribution is less even, each stratum has good representation for each rate class. 

Table 2
Residential R-1
Stratification Assignment Distribution

	Strata
	Original

Assignment
	Post Stratified

Assignment

	1
	20
	21

	2
	25
	23

	3
	25
	30

	4
	25
	21


Table 3
Small General Service G-1
Stratification Assignment Distribution

	Strata
	Original

Assignment
	Post Stratified

Assignment

	1
	28
	36

	2
	24
	21

	3
	27
	26

	4
	28
	24


Graphs 3 and 4 both show improvement in relative precisions for the COMM Residential R-1 and Small General Service G-1 samples after post stratification.  The post stratification not only improved the relative precisions but also reduced the variability of the relative precision values.  
The average relative precisions for the COMM Residential R-1 rate class improved from 13.10 percent to 10.97 percent, and the average relative precisions for the COMM Small General Service G-1 rate class improved from 11.17 to 9.83 percent, in line with regulatory requirements.  

Graph 3

Residential R-1 Relative Precisions
Ratio Estimation - Post Stratified
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Graph 4

Small General Service G-1 Relative Precisions
Ratio Estimation - Post Stratified

[image: image4.emf]Mean Per Unit  vs. Ratio Estimation 

Commonwealth Small General Service G1 

July 2005

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

1 25 49 73 97 121 145 169 193 217 241 265 289 313 337 361 385 409 433 457 481 505 529 553 577 601 625 649 673 697 721

Precision %

MPU Ratio


Table 4 shows the reduction in variability in the relative precision ranges.

Table 4
Relative Precision Ranges
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New Sample Designs 
NSTAR is currently designing thirteen (13) new samples for its three (3) territories. Installations began in May and are planned to continue through 2007.  With these new samples, NSTAR will be installing new wireless metering technology to help facilitate the collection of data remotely and minimize the loss of data.

Objectives

NSTAR set the following sample design objectives: 

1. Achieve design accuracy of +/- 5% at the 95% confidence level for all hours of the year.  
2. Stay within budget constraints. 

3. Use stratifying variables that will achieve the targeted accuracies for all hours of the year. 
4. Utilize a 100% (certainty) stratum in the design process when feasible.

5. Have longevity of at least five years. 

6. Represent target populations optimally.

7. Have a minimum of 30 sample points in each stratum.

8. Minimize sample bias in the installation procedures.
Target Populations

To achieve the required accuracy levels and representation of company rate structures, the sample sizes for all surveys will be increased. Load Research reviewed the current samples with the Rates department and determined that for the new samples the BECO R-1 and BECO R-1 WH populations and the BECO G-2C and BECO G-2I populations can be consolidated. Representation of these distinct groups is not required by Rates and there have been no request for the survey results by other corporate functions. 

An R-2 sample will be added for both COMM and CAMB. The R-2 rate class is major and distinct in the rate structure. Also, R-2 customers have different energy usage patterns as compared to R-1 customers. R-2 customers’ usage tends to increase more slowly in the morning and their morning peak occurs between 11:00 a.m. and 12:00 noon, whereas the R-1 morning peak occurs between 7:00 a.m. and 8:00 a.m. In addition, the R-2 evening peak usage is not as strong as the R-1 customers’ evening peak usage. 

Table 5 provides a summary of the samples sizes for the current load research target populations by operating company and proposed sample sizes for the new target populations. The proposed sample sizes for the new samples allow for 10-20 percent over-sampling to ensure that a 10% loss of data would not impact the validity of sample results.  NSTAR’s Metering department requested the data loss factor to provide some buffer in the installation and data collection process. 
Table 5

Current and Proposed Samples

	Current Samples

	 
	BECO
	COMM
	CAMB
	TOTAL

	R-1
	109
	100
	140
	349

	R-1-WH
	102
	 
	 
	102

	R-2
	99
	 
	 
	99

	R-3
	138
	90
	64
	292

	G-1
	115
	120
	124
	359

	G-2C
	90
	 
	 
	90

	G-2I
	90
	 
	 
	90

	
	743
	310
	328
	1381

	
	
	
	
	

	New Samples

	 
	BECO
	COMM
	CAMB
	TOTAL

	R-1
	220
	176
	160
	556

	R-2
	82
	88
	80
	250

	R-3
	161
	165
	165
	491

	G-1
	200
	165
	198
	563

	G-2
	160
	 
	 
	 160

	 
	823
	594
	603
	2020


The current sample numbers are from the original sample designs. Today, only 991 sample points exist in the field.  

Sampling Methodology

NSTAR is utilizing traditional stratified random sampling techniques. These include Dalenious-Hodges methodology for the calculation of strata breakpoints and Neyman Allocation methodology for the determination of the optimal number of sample points for each stratum. 
When designing the samples, the Meter department requested that we have sufficient alternates, if the primary site could not be installed. Therefore, alternates were selected at the same time as the primary sites. As our objectives stated, we had planned to use a certainty stratum whenever possible to reduce the overall intra- and inter-variance in the sample and reduce the sample size requirement.  
NSTAR does not have a good history of successful installations. The primary assumption of a certainty stratum is that interval metering will be installed at these sites. Since the probability that some of the certainty sites may not be installed, NSTAR took a more conservative approach to its sample design methodology and decided to accept the higher sample size in lieu of a certainty stratum, ensuring that the samples account for the overall variability in the population. 
Sampling Bias Considerations

During sample installation, special attention is being given to the reasons why certain sample points are rejected before installation in an attempt to minimize bias caused by systematic reasons, in particular, primary sites that are under coverage versus outdoor sites. Historical NSTAR installations have caused significant bias in the samples due to practices of only installing recording devices on sites with outdoor meter locations. 50% of the BECO R-1 population has meters that are under coverage. Load Research has the final decision on rejections and removals.

No load research samples will be used as the population for special energy efficiency programs or programs that could potentially influence energy usage patterns not representative of the target populations.

Data Requirements

One channel of kilowatt-hour data will be collected at 15-minute intervals for all samples except for those samples that represent demand rate classes. For these demand rate classes the kilowatt-hour data will be collected at 5-minute intervals, since the target populations are charged on a 5-minute rolling demand.

The primary use for the sample data is to generate statistical class load profiles for the wholesale market settlement process. Once the samples are in place, the class profiles for the month being settled will be used in the final settlement process. This will allow NSTAR to reflect as accurately as possible what these customer groups are doing for each hour in the month. 

Next Steps
The preliminary test results are promising for ratio estimation and post-stratification in the augmentation of the current samples.  The next step in the test analysis will be to tackle the BECO and CAMB samples. These samples will require the transfer of load data between these two operating companies and the post stratification of the sample points using a common stratifying variable.  

The load research program assessment also provided other recommendations to assist in the resurrection.  These following recommendations are on the “to do” list for the next year and may require assistance from other corporate functions, such as Meter Data Management, Meter Reading, Metering, and Information Systems.   

· Implement process improvements in initiating work orders for meter installations, maintenance, and replacement.
· Build a sample tracking system.

· Re-engineer the production of load research profiles to provide monthly availability for settlement.

· Introduce shared performance metrics to gauge the success in interval data collection. These measures would include a sample installation rate, an interval data retrieval rate, and interval meter check rate. 

· Improve data validation procedures.

· Implement a process of load study cycling and replacement so as to minimize statistical decay in sample performance and minimize budget impacts.

Resurrecting a load research program requires the sponsorship of senior management. For some utilities this may take a miracle.  At NSTAR, we are counting on “opportunities” to drive the resurrection along with senior management support and, in time, we hope to have a healthy load research program that can be maintained on an on-going basis.  
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