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Section 1.
Executive Summary

Purpose and Objectives
The purpose of this paper is to examine options for choice of a suitable methodology for load profiling to be used for settlement in the ERCOT market. Two of the main considerations are the time required for implementation and the costs involved
.
The implementation time is a critical aspect since some form of load profiling is an absolute necessity for retail competition, apart from the use of interval meters. The costs of implementing load profiles for settlement need to be considered in comparison to the benefits of the profile performance accuracy.

Other considerations include:

· applicability both within and outside the ERCOT market area, competitive issues (i.e. ensuring that no REP acquires a particular advantage or disadvantage from the profiling methodology);

· issues of market bias (i.e. to what extent the profiling methodology causes a cross-subsidy between customer groups); and

· any potential impact on metering services competition when this occurs in 2004.

The short-term goal is to have a profiling system in place in time for the customer choice pilot, meaning that the system needs to be ready by around March 1, 2001 to allow for testing.

The following issues influenced the development of the Profiling Methodology document:
· Imbalance market size

· UFE/Losses

· Load shape determination

· Profiling methodologies

· Maintenance of samples  and profiles

· Assessment of ERCOT-wide load research data

· Number of profiles

Conclusions and Recommendations
· In sample design, accuracy shall be defined as industry best practice 90/10, as a minimum.
· All aspects of sampling methodology shall follow the Association of Edison Illuminating Companies (AEIC) load research guidelines.
· Adjusted Static Load Profiling is the recommended methodology for beginning the competitive market within ERCOT.

· In order to determine how many profiles to use at market open:
· existing load research data shall be analyzed,
· a suitable economic model will be developed to provide an indication of the significance of supply cost differences and similarities,
· required analysis shall be performed by the Load Profiling Agent (LPA), and co-participants as necessary,  utilizing the principles and guidelines specified in this document,
· the interactive process between co-participants, including ERCOT stakeholders, shall be defined by ERCOT.
· The primary objectives of the preferred load profiling methodology shall be to ensure fairness to market participants and to be cost effective in terms of accuracy.
· ERCOT Stakeholders shall conduct periodic reviews of load profiles. 
Section 2.
Introduction 

2.1 Definitions

The following paragraphs present definitions for the purposes of this paper.

A “Load Profile” is an estimate of the average consumption pattern of a group of customers, showing the demand variation on an hourly or sub-hourly basis.

The diagram below shows an example of a typical daily consumption pattern for a residential customer.
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“Load Profiling” is defined as the set of processes, carried out as part of ERCOT settlements, that allows the consumption data in respect of non-interval metered customers, to be separated into hourly or sub-hourly consumption load profiles, by reference to generic hourly or sub-hourly load profiles, representative of those particular customers.

“Load Profiling Methodology” refers to the methodology utilized for:

· the production of the reference hourly or sub-hourly consumption load profiles;

· the statistical analysis of the reference load profiles; and

· maintenance of the reference load profiles.

2.2 Objectives

The purpose of this paper is to examine options for choice of a profiling methodology. Among the criteria to be assessed are:

· time to implement;

· cost involved (start-up and operational);

· applicability within and outside ERCOT;

· competitive issues;

· potential for market bias;

· impact of metering competition;

· privacy/proprietary issues.
Time to implement

This is the mosta critical aspect since implementation of profiling is essential to enable retail competition at the mass-market level. Ideally, the chosen methodology would be suitable for implementation at market start-up and remain robust against any planned changes (e.g. metering competition). However, it may be necessary to consider an interim methodology for market start-up, with a refined methodology introduced at a later date. This is discussed further in Section 10.

Cost

While a critical issue is the time to implement, cost is a consideration since it is desirable that the chosen methodology is economically efficient. Since it is not likely that profiling will achieve any market benefits, other than enabling competition, it is important that the overall cost should not impose an undue financial burden on the market. The difficulty is in assessing the level at which the financial burden becomes unacceptable. 

However, it may be reasonably safe to assume that the costs of profiling should represent only a small fraction of the overall value of the market involved. We can therefore use the overall value of the market as a guide to the limitation on profiling costs. 

A further cost consideration is the incremental cost benefit trade-off obtained from one methodology over another. The additional cost of, say, dynamic profiling versus static profiling, can be compared with the improved accuracy likely to be obtained. There is, however, no deterministic approach to such an evaluation, which is essentially a value judgement process.

Non-ERCOT applicability

While it would be preferable to have a profiling system that is uniform across ERCOT and non-ERCOT system control areas, this is not considered to be a critical issue. It is also highly dependent on decisions concerning the application of other market principles in non-ERCOT regions.

Competitive issues

The main concern is that the chosen profiling methodology and choice of number of load profiles should not impede retail competition or result in any advantage or disadvantage to particular Retail Electric Providers (REPs). While profiling may introduce certain competitive issues, it is important that their introduction should not impact unduly on a particular REP. Thus, for example, although the choice of profiling methodology could affect the pricing approach taken by REPs, it should not introduce an unfair advantage for any REP.

Market bias

The issue of market bias is that profiling may cause a significant cross-subsidy between customer groups. However, unless each individual customer is individually assessed and priced according to their actual pattern of consumption (which might be possible with interval metering but unlikely to be adopted for pricing purposes, except for very large customers) there is always some element of market bias. Assigning customers to any particular load profile will, of necessity, cause some market bias. The methodological approach chosen for profiling should try to limit the amount of bias in the market.

Metering competition

Since it is intended that competition in metering will be introduced in 2004, it is desirable that the choice of profiling methodology would not impede such competition. It is also desirable to minimize the effect competitive metering will have on the profiling methodology chosen.
Privacy/Proprietary Issues

It is desirable that the choice of profiling methodology not reveal private or proprietary information associated with customers.
2.3 Goals

Some of the goals to be sought in the choice of profiling methodology are:

· a clear identification of the relative costs and benefits of each methodology and the associated implementation difficulties. Some factors are likely to be dependent on other profiling issues such as any mandated level (kW) for interval metering;

· an assessment matrix of each methodology, against each of the above criteria, with a recommendation for a choice of methodology;

· a high-level description of the functionality of the business requirements for the recommended profiling methodology. This would include data acquisition, required statistical analysis, load profile production and implementation within the currently understood settlement processes;

· a plan for design, production and implementation, in conjunction with the overall plan for implementation of the settlements and registration systems.

2.4 Short-term versus Long-term

Even if the recommended methodology is considered to be capable of introduction by market start-up, it is prudent to consider contingency arrangements, based on an alternative, simpler arrangement.

The short-term goal is to have a profiling methodology in place for the opening of the market on January 1, 2002. This means that the methodology will need to be ready for the Customer Choice pilot program on June 1, 2001. Testing for the pilot program may begin on or around March 1, 2001, which then becomes the drop-dead date for the production of load profiles in the short-term.

The preferred or optimal method of profiling methodology in the long term is the one that most closely meets the goals stated above. This method may or may not be the same as the method chosen for market opening. The long-term view is detailed in Section 10.

2.5 Application of Methodology

This Load Profiling Methodology has been developed specifically for ERCOT. Non-ERCOT utilities may, however, choose to utilize the same methodology.

In addition to the use of load profiles for settlement purposes, it is recognized that ERCOT-ISO and market participants may wish to utilize load profiles for scheduling purposes. It will therefore be necessary for the LPA to create load profiles both for previous days and future days. 
Section 3.
Imbalance Market Size 

This section examines the size of the market that is affected by the use of load profiles. The purpose is to relate the costs and benefits of any improvement in load profile accuracy obtained from a particular methodology to the overall market size.

3.1 Introduction

There is no inherent value in profiling per se – it is merely a mechanism for achieving settlement of the market. Therefore, any costs associated with profiling must be accommodated within the overall costs of administering the market. The ERCOT market is concerned with the settlement of imbalances between the scheduled loads and actual loads incurred by REPs. While it is likely that REPs would use the load profiles as a basis for scheduling and possibly for concluding bilateral contracts, these are outside the scope of the ERCOT market. It is therefore the size of the imbalance market that is the significant factor.

3.2 Assumptions

As a basis for estimating the size of the imbalance market (including the ancillary services) we can use figures from Cal-ISO for 1998. These show that the total value of the ISO market in California for that year was $1.4 billion, compared with a total market value in California of $28 billion, i.e. 5% of the total market. Using this proportion and taking $20 billion as an estimate of the total annual value of the Texas market, an estimate of the imbalance market value is therefore $1 billion.

The relevance of this figure is that the market costs should be small by comparison. There is no straightforward method of determining how much value to place on load profile accuracy. There are three components of accuracy value:

· the value of certainty – the extent to which REPs can predetermine what hourly or sub-hourly load shapes will be used as a basis for their settlement charges; this is presumed to add value to them in managing the volume risk of trading. However, it is not necessarily accurate load shapes that are most valuable in managing risk but shapes that can be predetermined. Arguably, it is static load profiles that are most determinable;

· the time value of settlement - the extent to which there is a difference between initial and final settlement and the associated time value of money;

· the value of reduced cross-subsidy between load profile groups. More accurate profiling methods will reflect costs between groups more closely and therefore reduce the cross-subsidy between them. There are consequent societal costs involved but it is necessary to bear in mind that there are already extensive cross-subsidies inherent in current rate structures. This issue is closely related to the number of load profiles to be adopted, as discussed in a later section.

Section 4.
UFE / Losses 

4.1 Objective

This section is included to explain what Unaccounted for Energy (UFE) is, and to put in context how the choice of profiling methodology affects the accuracy of the calculation of UFE.

4.2 Definition

Unaccounted for Energy, or UFE, is the difference between the total generation supplied to a specific physical region and the total load (corrected for losses) in that same physical region during each settlement interval. UFE may be positive or negative in any single settlement interval.

4.3 Analysis

Given the above definition, UFE therefore represents the proportion of ‘missing’ energy that is composed of:

· errors in the application of a chosen methodology;

· errors in operation of business processes, underpinning the chosen methodology, above.

4.3.1
Errors in the Application of a Chosen methodology

In this category are:

· inaccuracy of method used to calculate distribution losses;

· inaccuracy of method used to calculate transmission losses;

· inaccuracy of load profiles on a settlement interval basis.

The first two items in the above list are outside of the scope of this document. The remaining item represents a significant proportion of methodology errors, and is discussed in this paper. The options for the design and use of the profiling methodology are presented in Sections 5 & 6, and the options for segmentation of the population into load profile classes are presented in Section 9.

4.3.2
Errors in Operation of Business Processes

To complete the picture, however, it is important to appreciate that no matter how satisfactory a methodology, the continued incidence of theft, plus the likely incidence of a number of errors in the operation of key Settlement processes, especially at market start-up, is likely to diminish its effectiveness:

· theft of service, and unrecorded service (e.g. service provided before meter installation);

· error in the application of load profiles for non-interval metered data, (for example, wrong load profile class recorded for a customer);

· error in estimation of missing interval metered data;

· incorrect meter readings;

· error in operation of Settlement processes, particularly incorrect aggregation and reporting of metered data;

· errors in reporting of non-metered accounts;

· incorrect assignment of customers to UFE zones.
Whereas market rules can be created such that obligations are placed on market participants to operate processes to a threshold level of performance, experience of other markets would suggest that process errors, and the incidence of theft, can contribute to UFE. The need for a cost-effective solution is discussed in Section 6 – Profiling Methodologies, and is set in the context of the overall dollar value of the size of the Imbalance Market in the previous section 
(Section 3).
Section 5.
Load Shape Determination 

5.1 Objectives

The objective of this section is to explain that as standards for industry best practice already exist, then those procedures need to be adopted, where appropriate.

This section will also recommend a standardized methodology needed to produce the sample used for the profiling methodology that accurately reflects the hourly or sub-hourly consumption of the population.

5.2 Use of Standards

The remainder of this section is based on guidelines recommended by the AEIC Load Research Manual
. 

5.3 Sample Design

There are several steps that are required in the sample design of a load profile. These steps are outlined and briefly described below.  Please refer to the AEIC Load Research Manual Chapter 4 for more details.

5.3.3
Accuracy
The accuracy of the load profile is a function of sample size and population variance.  A design accuracy of (10% at the 90% confidence level at the system and class peak time was specified in 1978 by PURPA for all major rate classes. This is the recommended minimum requirement specified for any load profile and applies to the data used to develop the load profile (sample level or strata level).  

5.3.2
Design (Auxiliary) Variable

The design variable must be known for each unit of the entire population. Possible choices for the auxiliary variable in load profile applications are:

· Annual energy usage

· Monthly energy usage

· Winter peak month energy usage

· Summer peak month energy usage

· Annual peak demand

· Monthly peak demand

· Summer peak demand

· Winter peak demand

· Type of appliances (electric heating or electric cooling)

· Type of residence or business

· Load Factor

5.3.3
Sampling Methodology

Several types of sampling procedures are commonly used to select individual sampling locations representative of a target population. The method chosen depends on the load characteristics to be estimated, the information available about the population, the uniformity of the population, and other sampling and budget constraints.  

· Simple random sampling 

Selects individual units throughout the population at random; each customer has an equal chance of being included in the sample.

· Stratified random sampling 

Divides the population into mutually exclusive, non-overlapping groups called strata. This type of sampling can involve stratifying in one or more dimensions.

· Systematic sampling 

Involves selecting every kth point from a sample population. This selection can begin at a random start or a centered start.

· Cluster sampling 

Groups containing smaller units, such as neighborhoods, apartment complexes, joint poles, and transformers are randomly sampled, and the selected sampling units within the clusters are individually metered.

· Two-phase sampling 

A large sample is first taken to obtain information on a design, or auxiliary, variable. The results of the first sample are then used to design a smaller load study stratified by that auxiliary variable.

· Model-based statistical sampling (MBSS)

Based on two equations that describe how the mean and standard deviation of the variable of interest vary from customer to customer within the population.

· Census (100%) sampling

A stratum that contains a few customers that account for a large amount of load is a viable candidate for census sampling.

· Judgmental sampling

Units considered to be representative of the population are selected or certain types of customers are included in the sample based on the analyst’s judgement.  

5.3.4
Determining the Number of Strata and the Strata Boundaries

The number of strata can often be determined for stratified random designs by calculating the coefficient of variation of the sampling distribution for test designs with different numbers of strata. The strata boundaries can be calculated by using the Dalenius-Hodges procedure or MBSS “strong stratification” as well as the analyst’s judgement. 

5.3.5
Determining Sample Size

The sampling method, estimation technique and required accuracy all influence sample size requirements. Sample size equations require estimates of the mean and variance of the variable of interest or an auxiliary variable. The preferred method of obtaining estimates for sample design is to derive them from prior load research data. When prior load research data are not available, a common procedure is to use an auxiliary variable (such as consumption) to estimate the mean and variance of the variable of interest.

Minimum requirements for sample size should be determined by the sampling method, estimation technique, and the chosen accuracy level plus a percentage margin to compensate for missing data. Sample sizes should be determined in such a way as to ensure accuracy for each month, not just the peak periods.


5.3.6
Allocation
There are two types of allocation techniques commonly used in load profiling.  Proportional allocation assigns sampling points to each stratum based upon the number of population units represented in the stratum. Neyman allocation assigns sampling points to each stratum based upon the percentage of the total population standard deviation represented by the stratum. A finite population correction (fpc) factor should be incorporated if the percentage of the sample to the population is substantial (greater than 5% is widely used).

5.3.7
Accounting for Data Loss

Since data will not be available for every customer during every time period in the study due to events such as equipment malfunction, human errors, customers moving, and customers requesting removal of recording equipment, techniques should be considered to account for data loss in the sample. There are two methods of accomplishing this. One technique is to apply a data loss factor which increases the overall sample size by a fixed percentage. Another technique is to set a minimum number of sample points per stratum and increase the sample size accordingly after allocation. The minimum number is a function of the data loss factor and research judgement. 

5.3.8
Selection of Alternate Sample Points

Once all efforts to install a particular metering site have failed, selecting sample replacements becomes necessary. Replacements are chosen in one of three ways: (1) replacements randomly chosen at the time of sample selection, (2) replacements systematically chosen at time of sample selection, or (3) customers with similar information (usage, demographic, geographical location) chosen as backups. Any replacement method chosen should minimize sample bias. (See also Section 5.6).

5.3.9
Validation
After a prospective sample is chosen, it should be compared to the population to determine how well it represents the population, thus ensuring that the sample selection procedure has been performed correctly and that the appropriate sampling frame has been used. There are several methods of performing this validation. The simplest is to compare the sample mean usage to the population mean usage (annual or monthly). A more complex procedure involves setting specific tolerance ranges, which the sample must meet, for specific variables. Samples are then selected until a suitable sample is found.   A third method is to select numerous samples and choose the sample that best matches the population for specific variables.   

5.3.10
Customer Solicitation

Many utilities seek the customer’s agreement to participate even though, legally, such an agreement may not be necessary. Therefore, there are three alternatives to customer solicitation: customer approval required, customers notified but approval not required, or customers not notified. Since customer rejection could introduce sampling bias, care should be taken when choosing the method of customer solicitation. Bias is the difference between the mean value of the estimate and the true value being estimated. Sampling bias occurs when some members of the population about which inferences are to be made are accidentally or purposely excluded from the population frame.

It is realized that all of the above requirements might not be attainable at market open, but should be accomplished in the mature market.  

5.4 Data Processing

There are several steps that are required in the data processing of load profile data. These steps are outlined and briefly described below. Please refer to the AEIC Load Research Manual Chapter 6 for more details.

5.4.1
Verification of collected data

A validation of the collected sample data should be performed and should include a comparison of the interval kWh and the metered kWh, translation period start and end dates, and clock times of the interval recorder.

5.4.2
Editing

Editing of data should be used sparingly.  Missing and incorrect data should not be estimated and therefore, should not be used.  A complete trail must be maintained for all editing.

5.4.3
Retention of data

Data retention should follow proper standard research needs, e.g. ten years. This issue is subject to any ERCOT or PUC data retention policy.

5.5 Expansion

There are several estimation techniques that can expand load profiling sample data to total system parameters. These methods are briefly described below. Please refer to the AEIC Load Research Manual Chapter 7 for more details.

5.5.1
Mean per unit

The mean-per-unit technique calculates an estimated demand per customer and expands this estimate to the target population by multiplying by the number of customers in the population.

5.5.2
Ratio estimation

Ratio estimation is a technique that can take advantage of the correlation of the x and y variables to obtain increased precision.  The ratio estimation technique can be applied if the relationship of x and y is approximately linear and passes through the origin.  Class demand estimates for rate classes and other populations with “known” total energy use (X) are adjusted by the ratio of demand (y) to energy use (x) for the sample.

5.5.3
Difference estimation

As in the ratio technique, the difference estimation technique recognizes that energy use per customer from either stratified or non-stratified random samples often differs from the true mean use per customer for the target population.  The difference technique should be used rather than the ratio technique when the linear relationship of x and y does not pass through the origin.

3. 
5.5.4
Regression

Regression models are most commonly used to describe a relationship and to predict future values.  They often provide more reliable estimates, particularly for small samples.  Regression methods are adaptable to analyses and extrapolation of a sub-population drawn from a primary sample.

5.5.5
MBSS

Model-based statistical sampling and its expansion techniques are refinements of design-based sampling and regression modeling.  The most unique aspect of MBSS is its use of models to describe the variances of the variables being estimated.  The MBSS variance models are applied directly to the total population, e.g. to the frequency distribution of annual kWh.

Special Requirement for Interval Metering
When a customer has an interval data recorder (IDR) installed as part of a load research sample used for profiling, and that customer or that customer’s REP elects to use interval data for settlement purposes, it will be necessary to replace that customer in the sample.

5.6 Recommendation on Load Shape Determination
In sample design, accuracy shall be defined as industry best practice 90/10, as a minimum.

All aspects of sampling methodology, through to customer solicitation within Sample Design shall follow the AEIC guidelines, as shall the approach adopted towards Data Processing and Expansion.

Section 6.
Profiling Methodologies 

6.1 Objective

The objective of this section is to identify the options available for load profiling methodologies and to recommend an approach. The recommendation shall include a view for the short-term, i.e. market opening, and a view for the long term.  

6.2 Statement of Load Profiling Methodology Issue

In general terms, load profiling is the estimation of hourly or sub-hourly loads at the delivery point for customers who do not have IDRs. The methodologies proposed for load profiling vary greatly. Some use a system load shape (generation) as an estimate for all customers, while others employ a statistical sampling approach that produces estimates of customer segments, usually rate classes.
There is even a wide variety within the sampling methods. Some use only historical sample load data, others take a modeling approach, while others use sample load data but in a timely manner for settlement purposes. Two of the primary concerns that should be addressed when determining the proper load profiling methodology are the accuracy of the estimates and the costs of improving that accuracy.

6.3 Analysis of Other Markets

Rochester Gas & Electric (NY) uses the Net System Load Shape method for load profiling because no load research sample data exists, neither current or historical, for residential or small commercial customers. California used static load profiles for the first three months of open-access market operation then switched to dynamic load profiling. Eastern Utilities Associates (New England) employs a proxy day methodology that utilizes an extensive historical load research database. ConEd (NY) uses a modeling approach that includes temperature and day type.

6.4 Options for Load Profiling Methodologies

A few of the methodologies used for load profiling are summarized below in order of simplest to most complex, generally speaking. The criteria that should be used to select the proper load profiling methodology include: 

· current state of load research samples;

· method of load data collection;

· amount of historical load research sample data;

· resources available to facilitate the methodology.

As with most cost-benefit analyses pertaining to accuracy versus cost, there is usually a direct relationship: to achieve more accurate results requires more money.

6.4.1
Option 1 - System Load Shape 

The System Load Shape method uses the actual system load shape (e.g., ERCOT control area, Distribution Utility (DU), substation, and feeder) for all customers. This method could be used if no customers have IDRs, and no load research sample data is available.

	Advantages
	Disadvantages

	Simple to develop
	Many customers will not “fit” the load shape; too generic 

	Easy to understand
	Low class-level accuracy

	Low or no cost
	

	No sample design or modeling error
	


6.4.2
Option 2 - Net System Load Shape (NSLS)

The NSLS method uses the same load shape for all non-interval-metered customers. The NSLS load shape is determined by calculating the hourly or sub-hourly differences between the actual system load shape (e.g., ERCOT control area, Distribution Utility (DU), substation, and feeder) and the loss-adjusted aggregate load for all interval-metered customers.

	Advantages
	Disadvantages

	
	

	Relatively simple to develop
	Many customers will not “fit” the load shape, but improves as the number of IDRs increases; too generic

	Easy to understand
	Low class-level accuracy

	Low cost
	Timing of the collection of interval-metered customer data may affect settlement

	No sample design or modeling error
	


6.4.3
Option 3 - Static Load Profiles

Static load profiles are created by averaging historical data from load research samples by class, and generating load shapes that approximate customer segment usage for the given day. Static load shapes are fixed in advance. They can be differentiated by season, month, and day.  Examples are: Typical days of the week by month or season, i.e., typical April Monday, typical spring Tuesday; typical weekday/weekend by month or season, e.g. typical April weekday, typical spring weekend.

	Advantages
	Disadvantages

	Relatively easy to produce and administer
	May not capture other important load profile traits that influence usage, e.g. weather 

	Calculation is straightforward for all market participants to understand
	Could be considered too simplistic because it is “over-averaged”

	High class-level accuracy
	Requires historical load research data (2 years minimum)

	Most large utilities within ERCOT currently have experience with this methodology
	Costs of implementing load research samples

	Potential for easy regulatory approval
	

	Load profile data used for initial settlement would be available to market participants prior to settlement day
	


6.4.4
Option 4 - Proxy Day Load profiles

Proxy day profiling is the simplest form of modeling. Sample load research data is used from a day that is similar to the target day in terms of metered system total or class hourly or sub-hourly load profile shape, and/or day type and weather.

	Advantages
	Disadvantages

	Moderately easy to produce and administer
	Introduces modeling error  

	Captures influence of weather and other load profile traits on usage
	Methodology may not be easy for all market participants to understand

	High class-level accuracy
	Requires historical load research data (12 months minimum)

	Potential consistency in estimation procedures for interval-metered customers, if necessary
	Costs of implementing load research samples and proxy day selection process


6.4.5
Option 5 - Adjusted Static Load Profiles

(also Modeled, Modeled Dynamic, Dynamic Modeling, Statistical Modeling)

Adjusted static load profiles are created by analyzing historical data taken from load research samples representing customer class or segment, and generating load shapes that approximate the customer class or segment usage for the target day. The load profiles can be differentiated by season, month, or day. These load profiles are then adjusted to reflect weather changes and/or other specific characteristics of the target day. Examples of adjusted static approaches are regression analysis and neural networks.

	Advantages
	Disadvantages

	Moderately easy to produce and administer
	Introduces modeling error  

	Captures influence of weather and other load profile traits on usage
	Methodology may not be easy for all market participants to understand

	High class-level accuracy*
	Requires some historical load research data (12 months minimum)

	
	Costs of implementing load research samples and modeling process


6.4.6
Option 6 - True Dynamic Load Profiling

True dynamic load profiling is defined as the daily interrogation of load research sample IDRs for the purpose of generating load profiles to reflect actual usage for non-interval metered customers for the target day.

	Advantages
	Disadvantages

	Most class-level accurate and timely of all load profiling methods*
	Probably most costly of all profiling methods due to need for telemetry on all sampled points  

	Reflects current conditions that affect usage such as weather, etc.
	Must be able to collect and analyze load research data daily

	No modeling needed which eliminates modeling error and improves load profile accuracy
	Potential for increased sample size to compensate for missing data

	No need for historical load research data prior to implementation
	Cost of implementing load research samples

	No modeling approach should be easier for all market participants to understand
	

	Initial Imbalance Settlement process (e.g., day after) would have most accurate load profiles*
	


6.4.7
Option 7 - Lagged Dynamic Load Profiles

Lagged dynamic load profiling is the same as true dynamic load profiling except instead of daily collection of load research data, a weekly or monthly interrogation of load research sample recorders is performed. This methodology would be used in final settlement only, e.g. 45 days after settlement day.  If an initial settlement were performed, then lagged dynamic would be used in addition to static, proxy day or adjusted static.

	Advantages
	Disadvantages

	Same level of accuracy as true dynamic
	Probably most costly of all profiling methods except for true dynamic 

	Reflects current conditions that affect usage such as weather, etc.
	Must be able to collect and analyze load research data weekly if required

	No modeling needed which eliminates modeling error and improves load profile accuracy
	Since limited to final settlement, another profiling methodology is required for initial settlement

	No need for historical load research data prior to implementation
	

	No modeling approach should be easier for all market participants to understand
	


6.4.8
Non-metered Load Profiles

Certain types of customers have no electrical consumption metering equipment installed at their location, such as street lighting and traffic lights. Typically, these customers have known hours of operation and consistent electrical usage during those hours. Using engineering estimates of their hourly or sub-hourly usage can produce load profiles for these customers. The Load Profiling Agent shall produce suitable profiles to allow for appropriate variation in sunrise and sunset times.

Load Profiling Methodologies – Assessment Matrix

	Option
	$ Cost
	Time Requirement
	Impact from Competitive Metering
	Class-level

Accuracy

	System Load Shape
	Lowest
	Lowest
	None
	Poor

	
	
	
	
	

	Net System Load Shape
	Low
	Dependent on kW threshold level; Low if no level
	May change interval-metered customers data flows/collection
	Poor

	Static Load Profiles
	Implementation of load research samples & 2 years historical data
	Minimum 2 years historical load research sample data needed
	May change sample data flows/collection; may necessitate telemetry
	High

	Proxy Day Load profiles
	Implementation of load research samples, 12 months historical data, & proxy day selection process
	Minimum 12 months historical load research sample data & proxy day selection process
	May change sample data flows/collection; may necessitate telemetry
	High

	Adjusted Static Load Profiles
	Implementation of load research samples, some historical data, & modeling process
	Some historical load research sample data & modeling process
	May change sample data flows/collection; may necessitate telemetry
	High

	True Dynamic Load Profiling
	Probably most costly
	Installation of telemetry on all sampled customers
	May change sample data flows/collection
	High

	Lagged Dynamic Load Profiling*
	Implementation of load research samples
	Dependent on initial settlement profiling methodology
	May change sample data flows/collection; may necessitate telemetry
	High


*  Would be used in final settlement, e.g. 45 days after settlement day, only.  If an initial settlement were performed, then lagged dynamic would be used in addition to static, proxy day or adjusted static.

Note:  The assessment criteria ERCOT versus Non-ERCOT Issues, Competitive Impact, and Bias in Market were deemed to be non-issues and thus removed from this table in the interest of space.

6.5 Recommendations on Load Profiling Methodologies
Given the time restrictions for market opening, a pragmatic approach should be used to determine the proper load profiling methodology. Currently, some sort of load research sample data exists for most of the large utilities within ERCOT. This load data could, with a detailed review, allow a reasonable estimate of hourly or sub-hourly consumption to be made for every customer within ERCOT. Since these load profiles are customer segmented (rate class), they are more accurate at the class level, i.e. for those customers in that class, than System Load Shape and Net System Load Shape.

Also, most of the load research programs do not have the capability currently to produce Dynamic Load Profiles. The major issues involved with Dynamic Load Profiling are the costs and time involved to install telemetry equipment on all sampled customers’ IDRs.
Static Load Profiles could be used at market opening, but there is no allowance for the effect of actual weather on the load profile estimates. Proxy Day and Adjusted Static Load Profiling are accurate at the class level, would require little start-up costs, and do allow for the effects of weather.  Proxy Day, however, takes a simplistic approach to modeling, whereas, Adjusted Static can account for multiple variables that have an effect on load profiles. Therefore, Adjusted Static Load Profiling is the recommended methodology for beginning the competitive market within ERCOT.

The long-range view on a preferred load profiling methodology should be to ensure fairness to market participants and to be cost effective in terms of accuracy.

Section 7.
Maintenance of Samples and Load profiles 

7.1 Objective

This section covers the requirements for maintaining the samples used for profiling and the maintenance of the load profiles to ensure that they continue to represent their intended population, and that they are consistent with achieving the overall objectives of the chosen methodology.

7.2 Sample Design
Samples need to be designed to achieve the required level of accuracy (e.g. 90/10 standard) in the expected results. In addition to the initial design considerations, however, there is a need to maintain the sample, so as to continue to attain the desired standard. Two main considerations are:

· Drift – i.e. a situation where the sample no longer reflects the population parameters to the required standards. A particular example of this phenomenon is when customers move to interval metering. This problem will affect adjusted static load profiles since a standing sample is used to represent a defined population. The decision on a kW threshold for interval metering would also have an impact on this requirement. In order to address load profile drift, it would be necessary to monitor the position on a routine basis and to take appropriate steps to change the sample if appropriate;

· Mortality – i.e. a situation where membership of the sample drops off for various reasons – (e.g. a change of use at the premises). This requires replacement of the sample membership as required, utilizing reserve lists from which to draw a suitable replacement. (See also Section 5.6).
7.3 Load Profiles
In addition to maintenance of the sample, there is a need to maintain the validity of the load profile data with regard to current usage of the population. The two main considerations are:

· there is a need to monitor any historical data to ensure that it continues to reflect current usage. Customer usage patterns may change over time, associated with lifestyle changes, electrical appliance technology, economic or other extraneous variables. Also, the period over which the sample data has been collected may not be representative of future temperature conditions. These considerations require changes to be made to the sample data (i.e. the load profile) but not necessarily to the sample on a long-term routine basis;

· in relation to modeled load profiles, there is also a need to monitor and update where appropriate any modeling parameters used to calculate the daily load profiles.

Methodologies used to monitor the validity of load profile data might include:

· Mean Absolute Deviation (MAD);

· Mean Absolute Percentage Error (MAPE).

7.4 Recommendation on Maintenance of Samples and Profiles
The recommendation is to conduct periodic reviews, (for example quarterly) using MAD or MAPE methodologies.  The specific actions depend on the incidence of Drift and Mortality. (See also Section 5.7).
Section 8.
Assessment of ERCOT Load Research Data 

8.1 Objective

The objective of this section is to indicate what load profile data exists currently within the ERCOT region.

8.2 Assessment of Available Data

A survey of ERCOT utilities was conducted to determine the following, which will be used to address two issues:

· how to meet the 2002 retail competition opening with existing load research data;

· how to provide an optimal longer-term solution for load profile development. 

The data collected is also useful in addressing methodology issues related to sample design and extrapolation to population methodologies. It includes the following:

· number of rate classes with IDRs used for load research samples and billing;
· installation date of sample;

· number of IDRs (load research sample and billing) the utility is collecting data from;

· frequency of IDR data retrieval;

· geographic area covered by load research samples;

· stratification methodology of load research samples;

· statistical confidence of load research samples;

· population size represented by load research samples;

· date load research sample last extrapolated to population;

· extrapolation methodology;

· annual peak kW by class derived from load research sample;

· annual kWh for classes with load research samples;

· estimate of UFE.

This data is presented in Appendix 1, and shows that:

· For ERCOT utilities reporting data, 15 residential and 56 non-residential rate classes have load shapes developed (excluding non-metered services).

· Rate classes are not defined in a consistent manner across utilities.

· Estimated load profiles are prepared for non-metered services.

· Existing load research samples covers approximately 64% of the total number of ERCOT customers
.

· Cellular technology for data retrieval is used by one utility; other utilities use a combination of probe/landlines.

· Expansion methodologies employed include mean-per-unit and ratio estimation.

· Samples are most generally designed to meet a 90% confidence, +/-10 relative accuracy.

A second survey of ERCOT utilities was conducted to acquire information to develop:

· a frequency distribution of kWh;

· number of customers and median load factors by kW ranges such as 0-20 kW, 21-50 kW, 51-100 kW, etc.

This data will be used in an evaluation of establishing kW requirements for interval data recorders; e.g. California has requirement for customers to have IDR if kW is >50. 

This data is presented in Appendix 2, and shows that:

· Over 60% of non-residential customers have a demand less than 20 kW and many do not have a demand meter installed. However, these customers account for less than 5% of the non-residential energy.

· For the ERCOT utilities reporting kWh information, 50% of non-residential kWh is consumed by customers with a kW of 1500 or greater.

· Large customers with a kW of 2500 or greater account for approximately 40% of non-residential energy consumed.

Surveys still to be defined, include:

· Regionalization, to determine the amount of IDR data available by geographic area. The information will be a factor in making a recommendation of the number of load profiles required due to differences in weather zones;

· Gaps, to determine geographic areas in ERCOT that currently do not have load research samples in place. Recommendations will be made on how best to fill in the gaps (provide load profiles for the areas with no samples for profiling).
8.3 Evaluation of Interval Metering Costs

An informal survey was conducted among the members of the Profiling Methodology work group to examine IDR costs. The survey collected information on the cost of IDR equipment, installation, maintenance, communications equipment, monthly communications charges, and data retrieval and translation. The results are shown in Appendix 3.

As an example, the average cost of a telephone landline IDR over a five-year life is:

Average cost for IDR and installation


$     776

Average cost for maintenance and testing


    1,200

Average cost for landline communications equipment
       123

Average cost for landline communications


    1,660

Average costs for data retrieval & translation

       960
Total 5 year cost




$  4,718

Section 9.
Number of load profiles 

9.1 Introduction

The objective of this section is to analyze the criteria that could be used for segmentation of the non-interval metered population, and to consider the overall number of load profiles that might be generated as a consequence.

These choices hinge on the costs and benefits associated with each, the extent to which a solution is timely and pragmatic in the period prior to June 1, 2001, but at the same time provides a platform from which a longer term solution can be devised with minimal change.

This section outlines a series of principles and guidelines that have been produced to provide the Load Profiling Agent with guidance when determining the numbers of load profiles to use. This section does not specify what the numbers of load profiles should be. Rather, it recognizes that further analyses will be required before this determination can be made, and the principles and guidelines below should be adhered to during the ongoing analysis work.

9.2 Principles

The following principles are recommended as a basis for decision on the number of load profiles to be adopted:

· Load profiles used in the Market shall not give an unfair advantage to any party.

· Load profiles used in the Market shall minimize their contribution to UFE over all settlement time periods.

· Load profile classes shall reflect reasonably homogenous groups, with respect to load shape and likely supply costs. 

· The total number of load profiles used in the Market shall be as few as possible.

· Each load profile shall be distinctly different from each other.

· Due to the lack of complete load profile data for some areas, it will be necessary to assign load profile classes to these areas based on load profiles developed for other areas, taking into account similarities and differences in load usage. When necessary to assign load profiles, this shall be done in a fair and equitable manner.

· Load profile classes shall be based on readily identifiable parameters.

· Load profiles shall be based on the most accurate load research data available.

· It shall be possible to accommodate Time of Use (TOU) rate classes, controlled load classes and other similar pricing schemes in the load profiles.

· The form in which the load profiles are expressed shall be easily understood and readily available.

· The profiling methodology shall be clearly expressed and available to all interested parties.

9.3 Guidelines

The following guidelines are to be used by the Load Profiling Agent (LPA) in developing load profiles to be used in the Market:

1. In order to minimize the total number of load profiles to be used in the Market, the LPA shall review the existing load research data available for each geographic/climatological area and analyze opportunities for using one load profile to represent more than one existing class load shape.

2. A relatively simple economic model shall be developed, in conjunction with ERCOT, to enable the LPA to analyze existing load data, together with representative generation price data, so as to provide ERCOT with information on the appropriate number of load profiles to adopt for the Market. In particular, this would allow the following questions to be addressed:

I) To what extent do the existing load profiles represent homogeneous groups with respect to load shape and supply costs?

I) To what extent do the existing load shapes for similar customer groups (e.g. residential) show distinct differences from each other, especially during periods of high generation cost volatility?

3. The assignment of load profiles to areas that do not currently have load research data available shall be based on the following approach issues:

(a) What separate customer groups are currently recognized for the area requiring a load profile (e.g. rate classes)?

(b) What load shapes are available from other areas for each of these customer groups?

(c) Where possible, examine broad measures of similarity between the load research data that is available and the customer group requiring a load profile. These measures might include:

I) Average kWh consumption per year or month from billing records.

I) For customer groups with demand metering, the annual average load factor.

I) Other specific data that may be available for the customer group requiring a load profile (e.g. where the type of electrical use is considered to be similar to that of another area with a similar usage pattern).

(d) The geographic proximity of the areas for which load research data is available.

4. In adopting load profiles for those areas where load research data already exists and in assigning load profiles to those areas that do not currently have load research data, there shall be readily identifiable parameters, for each customer, to enable load profiles to be assigned to each customer. Ideally, the customer parameters that determine which load profile that customer is assigned shall be based upon existing data. Some examples of readily identifiable parameters are: 1) Type of customer (residential, small commercial, large commercial, etc.); 2) Peak demand; and 3) Load factor. Other parameters, such as those relating to geographic location, shall be unambiguous and straightforward.

5. Where alternative load research data may exist, the most accurate data shall be used. This accuracy shall be based on load research data on all customers from all distribution utilities in that region. Generally, the most recent data is preferred but other factors such as the sample size and customer coverage shall be considered.

6. In order to accommodate Time of Use (TOU) rate classes, controlled load and other similar pricing schemes, the LPA shall consider the following possibilities:

(a) Where specific load research data exists for a particular rate group, utilize that data.

(b) When appropriate, generic load profiles can be modified to approximate the consumption patterns of multi-rate tariffs.

(c) Where specific load research data does not exist for a particular rate group, appropriate load profiles could be used from other areas, based on the relevant guideline above (paragraph 3).

7. Load profiles shall be clearly expressed and readily available. A standard form to represent all load profiles is desirable for consistency and ease of understanding. 

8. The methodology used to create load profiles shall be fully defined. Any mathematical or statistical equations used shall be unambiguously defined.

9.4 Segmentation Criteria

In the choice of segmentation parameters, for the identification of load profile classes, the following criteria are appropriate:

· the parameter shall identify significantly different load profile shapes and therefore energy costs;

· the parameter shall be clearly and easily measurable;

· the parameter shall be easily identifiable;

· the parameter shall be robust, i.e. not subject to frequent change.

Identified below are some possible parameters.  Certain of these parameters contain privacy and proprietary issues.  For example:
· existing rate class or combination of rate classes. This approach meets all of the above selection criteria, and has the additional advantage of reflecting the cost of supply;

· usage based on load factor, (used in the UK for non-residential less than 100kW). This approach meets all of the above selection criteria, with the possible exception of robustness, but the disadvantage is that it requires kW, or kVA meters, which may or may not already be installed;
· usage based on kW. This approach meets all of the above selection criteria, with the possible exception of robustness. It has the added advantage that it is used commonly now for cost allocation purposes, but requires kW metering or some means of assessing the kW demand of each customer;

· usage based on kWh. This approach meets all of the above selection criteria, with the possible exception of robustness;
· premise type, such as use of SIC Code. This approach fails on some of the above selection criteria, in particular, the code is not easily identifiable initially, nor is it easy to maintain its accuracy on an on-going basis;
· location, by service territory or weather zone. This approach meets all of the above selection criteria, with the possible exception of not reflecting significantly different shapes, other than caused by weather;

· use of demographic factors, reflecting a customer’s behavior pattern, relating indirectly to electricity usage due to correlation with time of use. This approach fails on some of the above selection criteria, particularly, it is not easily identifiable initially, nor is it easy to maintain its accuracy on an on-going basis. It suffers from an additional disadvantage in that there are likely to be privacy of information issues to address.

A summary of the relative impact, in terms of cost, time to implement, and the criteria considered above is summarized in the table below:

	Option for segmentation parameter
	$ cost
	Time requirement
	Privacy/

Proprietary Issues
	Availability and robustness

	Existing rate class, or combination
	No additional cost involved
	Low
	Low
	Parameter exists and is robust

	

	
	
	

	

	Usage – load factor

(n/a to residential and non-demand metered commercial customers)
	Additional cost of identifying the load factor of each customer from billing records3 
	Relatively low
	High


	Parameter needs to be created from billing records 

	Usage – kW
(n/a to residential and non-demand metered commercial customers)
	Additional cost of identifying the kW maximum demand level of each customer from billing records
 
	Relatively low
	High 
	Parameter needs to be created from billing records 

	
	
	
	
	

	Usage – kWh
	Additional cost of identifying the kWh consumption over a specified time period of each customer from billing records
	Relatively low
	High 
	Parameter needs to be created from billing records

	Premise type
	No additional cost involved, assuming that SIC exists on all billing records
	Relatively low (assuming parameter exists on all billing records)
	Medium 
	Not likely to entirely robust

	Location
	No additional cost involved, assuming that zip code, or other geographic parameter, exists on all billing records.
	Relatively low (assuming parameter exists on all billing records)
	Low 


	Parameter needs to be created

	Demographic factor
	Additional cost involved of identifying the demographic parameter for each customer
	Relatively high
	High


	Not likely to be robust


Note: Other assessment criteria (ERCOT versus Non-ERCOT, competitive impact, competitive metering and bias in the market) were deemed not to be affected by the segmentation options. 

9.5 Cost and Benefits

9.5.1
Costs

Costs include start-up costs and on-going costs in consideration of the cost of ownership of any one solution. From this perspective, the following three aspects of the solution will have a direct impact on costs (generally in proportion to the number of load profiles chosen):

· maintenance of load profiles in terms of data processing and storage facilities, since more load profiles will increase the number of sample points needed, for accuracy reasons;

· set-up costs for meter installation and location and definition of sample sites, since more load profiles will increase the number of sample points, as above;

· administration costs in terms of people and execution of business processes (note though that it is only the on-going costs that will vary with number of load profiles, and this will likely to be a lesser effect than the above two aspects).

9.5.2
Benefits
The following types of benefit, or objectives, are desirable when choosing the number of load profiles to use:

· improved accuracy and a reduction in cross-subsidy between and within load profile classes;
· minimize the risk for market start-up. One way of achieving this is to make minimal change to current practice;

· simplicity of understanding for the less experienced players in the market, and for customers;

· from a REP’s perspective, customer market niches (probably a premise type), should fall within one load profile class, otherwise this makes market analysis and price setting more difficult (note that it is not necessary that each market niche has its own load profile class);

· provide equity across ERCOT; achieved by a rationalization of what exists presently.

Clearly, the above benefits may each be achieved by using different numbers of load profiles. In some cases (e.g. improved accuracy) it would be desirable to have a higher number of load profiles and in other cases (e.g. simplicity) fewer load profiles would be advantageous. 

9.6 Conclusions and Recommendations on Number of Profiles
9.6.1
Short Term

Based upon the above principles and associated guidelines, some initial analysis of the existing load research data will need to be undertaken. This analysis should aim to provide insight into the following questions:

a) To what extent do the existing load shapes represent homogeneous groups?

b) To what extent do the existing load shapes for similar customer groups (e.g. residential) from different utilities show significant differences between them?

c) To what extent do existing load shapes from the same utility differ between customer groups, especially where a large number of such load shapes exist?

d) What is the relationship between load shape and weather?

e) To what extent can existing load shapes be segmented?

f) To what extent will the existing load shapes facilitate a transition from market open to mature market?

In order to provide answers to some of the above, it is likely that the underlying sample data will require to be analyzed, in addition to the load shapes themselves. To provide an indication of the significance of supply cost differences and similarities; it would also be necessary to develop a suitable economic model. 

It is recommended that consideration be given to the most suitable method of carrying out the required analysis, possibly in conjunction with the Load Profiling Agent.

For market opening, the Load Profiling Agent shall:

1. Collect load research data from existing utilities.

2. Qualify the data.

3. Search the data for:

(a) homogeneous samples;

(b) geographic zones that might be relevant, e.g.

I) weather zones

I) former control areas

I) UFE zones

4. Create load profiles for areas where data is available.

5. Identify regions without data and develop a methodology to assign load profiles to those areas or create hybrid load profiles from more than one utility’s data set.

9.6.2
Long Term

There is a good argument for defining a solution to be used on market start-up that minimizes risk. This solution is likely to be a pragmatic approach that can be delivered in time for the Customer Choice Pilot, due by June 1, 2001. A subsidiary argument is that whatever solution is selected, it should be close to the final solution (i.e. that used beyond market open). The disturbance of migrating all load profile class data on the Customer Registration database to a new regime may be unacceptable, particularly during a period of some incidence of resolving errors in other key components of the operation of the new market. There may also be an issue of customer cost/price disturbance caused by re-assigning customers to different load profile classes.

For the long-term market, the Load Profiling Agent shall:

I) Conduct load research.

I) Create load profiles for all areas open to competition.

I) When new areas open to competition (when munis or coops opt in) assign load profiles to those areas or create hybrid load profiles from the available data.

I) When new areas open to competition, expand load research to include those areas.

 Section 10.
Overall conclusions and recommendations

10.1  Short Term

In summary, the short-term recommendations for Profiling Methodology are as follows:

· In sample design, accuracy shall be defined as industry best practice 90/10, as a minimum (Section 5).  It is recognized that this may not be achievable for market open, but shall be the target.

· All aspects of sampling methodology shall follow the Association of Edison Illuminating Companies (AEIC) load research guidelines (Section 5).
· Adjusted Static Load Profiling is the recommended methodology for beginning the competitive market within ERCOT (Section 6).

Currently, some sort of load research sample data exists for most of the large utilities within ERCOT. This load data could, with a detailed review, allow a reasonable estimate of hourly or sub-hourly consumption to be made for every customer within ERCOT. 

Most of the load research programs do not have the capability currently to produce Dynamic Load Profiles. The major issues involved with Dynamic Load Profiling are the costs and time involved to install telemetry equipment on all sampled customers’ interval meters.

Static Load Profiles could be used at market opening, but there is no allowance for the effect of actual weather on the load profile estimates. Proxy Day and Adjusted Static Load Profiling are accurate at the class level, would require little start-up costs, and do allow for the effects of weather. Proxy Day, however, takes a simplistic approach to modeling, whereas, Adjusted Static can account for multiple variables that have an effect on load profiles.

· In order to determine how many load profiles to use at market open, existing load research will need to be analyzed (Section 9). 

· To provide an indication of the significance of supply cost differences and similarities; it would also be necessary to develop a suitable economic model (Section 9). 

· Consideration needs to be given to the most suitable method of carrying out the required data analysis, possibly in conjunction with the Load Profiling Agent, utilizing the principles and guidelines specified within this document (Section 9).

10.2  Longer Term

In summary, the long-term recommendations for Profiling Methodology are as follows:

· The primary objectives for the preferred load profiling methodology shall be to ensure fairness to market participants and to be cost effective in terms of accuracy (Section 6).

· Periodic reviews of load profiles, (for example quarterly) using Mean Absolute Deviation (MAD) or Mean Absolute Percentage Error (MAPE) methodologies, shall be conducted (Section 7).  The specific actions depend on the incidence of Drift and Mortality.
Appendix 1.
ERCOT Load Research Data
	ERCOT
	
	
	
	

	Residential
	
	
	
	

	# of Sample Interval Meters & Population Represented
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	Population
	# Samples
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	CSWS Central Power & Light
	
	                     526,510 
	 303 
	

	
	
	
	
	

	
	
	
	
	

	
	Res Regular
	                     300,914 
	166
	

	
	Res Economy
	                       41,493 
	                    78 
	

	
	
	
	
	

	
	
	
	
	

	
	Res Total Electric
	184,103
	 59
	

	
	
	
	
	

	
	
	
	
	

	Austin Energy Residential
	
	                     250,454 
	                  470 
	

	
	Residential/Low Income
	                     250,000 
	                  410 
	

	
	Residential – Churches
	                           454 
	                    60 
	

	
	
	
	
	

	CSW-WTU Residential
	
	                     146,612 
	                  269 
	

	
	
	
	
	

	
	
	
	
	

	
	Basic 
	                       98,537 
	                    65 
	

	
	
	
	
	

	
	Water Heat 
	                       10,183 
	                    65 
	

	
	
	
	
	

	
	Space Heat 
	                         6,913 
	                    74 
	

	
	
	
	
	

	
	Total Electric 
	                       30,979 
	                    65 
	

	
	
	
	
	

	
	
	
	
	

	TXU Residential
	
	                  2,100,153 
	                  300 
	

	
	Residential
	                  2,100,000 
	                  250 
	

	
	Time-of-Use
	                           153 
	                    50 
	

	
	
	
	
	

	CPS Residential
	
	                     440,000 
	270
	

	
	Residential
	350,000
	150
	

	
	Residential All Electric
	90,000
	120
	

	
	
	
	
	

	Reliant Residential
	
	                  1,417,206 
	                  352 
	

	
	
	
	
	

	TNMP Residential
	
	144,803 
	                  245 
	

	
	
	 
	
	

	
	
	
	
	

	TOTAL ERCOT RESIDENTIAL
	
	
	
	

	
	REPRESENTED BY
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	 PROFILING
	                  5,025,738 
	               2,131 
	

	
	
	
	
	

	
	
	
	
	

	ERCOT
	
	
	

	Non-Residential
	
	
	

	 # of Sample Recorders & Interval Meters with Population Represented
	
	
	

	(Does not include Engineering-Estimated Load profiles such as Street Lighting)
	
	
	

	
	
	
	

	UTILITY
	Rate Class
	Population
	# Samples

	 
	
	
	

	
	
	
	

	
	
	
	

	CSWS (Central P&L)
	General Service
	       76,270 
	 114 

	CSWS (Central P&L)
	Light & Power Sec'ry
	         5,495 
	 SNK* 

	CSWS (Central P&L)
	Light & Power Primary
	            122 
	 SNK* 

	
	
	
	

	
	
	
	

	CSWS (Central P&L)
	Industrial Power Primary
	            235 
	64

	CSWS (Central P&L)
	Commercial Heat
	         3,524 
	 SNK* 

	CSWS (Central P&L)
	Commercial Water Heat
	316
	 SNK* 

	CSWS (Central P&L)
	Small Irrigation Sec'y
	606
	            148 

	CSWS (Central P&L)
	Large Irrigation Sec'y
	140
	            148 

	CSWS (Central P&L)
	Large Irrigation Primary
	18
	            148 

	CSWS (Central P&L)
	Cotton Gin
	47
	              47 

	CSWS (Central P&L)
	Petroleum Service Sec'y
	3721
	 SNK* 

	CSWS (Central P&L)
	Petroleum Service Primary
	94
	 SNK* 

	CSWS (Central P&L)
	Large Industrial ISB
	16
	              16 

	CSWS (Central P&L)
	Large Industrial 68
	24
	              24 

	
	
	
	

	
	
	
	

	
	
	
	

	   CSWS-CPL Total
	
	       90,628 
	            709 

	
	
	
	

	Austin Energy
	Commercial non-demand
	       22,000 
	            175 

	Austin Energy
	Water & Waste Water
	            150 
	              30 

	Austin Energy
	Commercial Demand
	         6,000 
	            220 

	Austin Energy
	Primary Service
	              23 
	              23 

	Austin Energy
	Lg Primary Svs & TOU
	              12 
	              12 

	Austin Energy
	State of TX Non-Demand
	              85 
	              -   

	Austin Energy
	State of Texas Demand
	            165 
	              -   

	Austin Energy
	St of TX Large Primary & TOU
	               8 
	                8 

	Austin Energy
	Schools
	            203 
	              40 

	  Austin Energy Total
	
	       28,646 
	            508 

	
	
	
	

	
	
	
	

	
	
	
	

	CSWS-WTU
	Gen Serv. Space Heat
	301 
	              40 

	CSWS-WTU
	Comm. Service Space Heat
	            748 
	              63 

	CSWS-WTU
	Comm. Service TCM
	       32,008 
	            115 

	CSWS-WTU
	Cotton Gin
	              61 
	              54 

	CSWS-WTU
	Gen Serv Secondary
	         4,288 
	              99 

	CSWS-WTU
	Gen Service Primary
	            318 
	              94 

	CSWS-WTU
	Municipal Water Pumping
	            426 
	              36 

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	  CSWS-WTU Total
	
	       38,150 
	            501 


	
	
	
	


	TXU
	Gen Service Secondary
	      326,115 
	            410 

	TXU
	Gen Service Primary
	         6,300 
	            302 

	TXU
	Municipal Service Sec'y
	       15,843 
	            190 

	  TXU Total
	
	      348,258 
	            902 

	
	
	
	

	CPS
	General Service (C<1000)
	       54,000 
	100

	CPS
	Large Light & Power (C 50-3000 kW)
	         1,900 
	140

	CPS
	Extra Large Power (I – 2000-7000 kW)
	            100 
	70

	CPS
	Super Large Power (I > 4500 kW)
	              30 
	              30 

	  CPS Total
	
	       56,030 
	            340 

	
	
	
	

	Reliant
	Econ. Improvement Rate
	              10 
	              10 

	Reliant
	Hourly Variable Pricing
	               3 
	                3 

	Reliant
	HLP Own Use/Large Buildings
	               6 
	                6 

	Reliant
	Interruptible Svcs. 10 minute notice
	              34 
	              34 

	Reliant
	Interruptible Svcs. 30 minute notice
	              24 
	              24 

	Reliant
	Interruptible Svcs. Instantaneous
	               4 
	                4 

	Reliant
	Interruptible Svcs.- Supplemental
	               8 
	                8 

	Reliant
	Large Overhead Service (A)
	              77 
	              77 

	Reliant
	Large Overhead Service (B)
	              19 
	              19 

	Reliant
	Large General Svcs
	         1,633 
	         1,633 

	Reliant
	Misc. Gen. Svcs.
	      191,565 
	            732 

	Reliant
	Standby Interruptible Service
	              10 
	              10 

	Reliant
	Special Contract Pricing
	              12 
	              12 

	Reliant
	State-owned Educational Institutions
	               5 
	                5 

	Reliant
	Standby Electric Service
	              18 
	              18 

	Reliant
	TX-NM Power Company Contract
	               2 
	                2 

	  Reliant Total
	
	      193,430 
	         2,597 

	
	
	
	

	
	
	
	

	
	
	
	

	TNMP
	Gen Service (<100 kW)
	12,214 
	            140 

	TNMP
	LGS (>100 kw)
	433 
	              61 

	
	
	
	

	TNMP
	LGS (>100 kW)
	433 
	              61 

	
	
	
	

	TNMP
	IPS (>2000 kva)
	7 
	                7 

	TNMP
	IPS (>2000 kVa)
	7 
	                7 

	  TNMP Total
	
	12,654 
	208 

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	Total, All Companies
	      767,796 
	         5,765 

	
	
	
	

	*SNK - Sample size not known.
	
	
	

	 
	
	
	


	ERCOT
	
	
	
	
	
	
	

	MISCELLANEOUS INFORMATION
	
	
	
	
	
	
	

	CURRENT ASSESSMENT OF LOAD PROFILING INFORMATION AVAILABLE
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	 
	
	
	

	
	CSWS CPL
	Reliant
	CPS
	Austin Energy
	TXU
	CSW-WTU
	TNMP

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	When was sample last used (mmyy)?
	Sep99
	Sep-99
	Aug-98
	Aug-97
	Sep-99
	Sep99
	Sep-93

	
	
	
	
	
	
	
	

	kW above which interval recorder required for billing  
	500
	400
	None
	3000
	2500
	500
	2000 kVa

	
	
	
	
	
	
	
	

	Expansion Methodology
	Ratio
	Ratio
	MPU
	MPU
	Ratio
	MPU
	MPU

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Stratification Variable or Methodology
	kWh
	Various; Random, Dalenius-Hodges-Neyman
	kWh, kW
	Various: Random, Dalenius-Hodges-Neyman
	Simple random; kW
	kWh
	kWh

	 % of ann'l system peak covered by all interval metering
	39
	34.5
	N/A*
	9.1
	11%
	46
	N/A*

	 % of peak month (mWh) covered by all interval metering
	33
	40.5
	N/A*
	12.6
	12%
	39
	N/A*

	
	
	
	
	
	
	
	

	Sample Removal Date
	N/A*
	Still in Place
	Still in Place
	Still in Place
	Still in Place
	N/A*
	N/A*

	
	
	
	
	
	
	
	

	Data Retrieval Method
	Probe
	MV90, ITRON
	Probe
	MV90, Hand-held; Probe 
	Cell Phone
	Probe
	Probe

	 
	
	
	
	
	
	
	

	Statistical Confidence of Sample
	N/A*
	90% +/-10%
	95% +/-5%
	90% +/-10%
	90%-95% +/-10%
	90% +/-10%
	90% +/-10%

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	*N/A – Data not provided.
	
	
	
	
	
	
	


Appendix 2.
Non-residential customer segmentation data
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kW  

CUSTOMER

Cumulative

Range

TXU

CPS

AUSTIN

RELIANT

TNMP

CSW-WTU

CSW-CPL

TOTALS

% of total

% 

<20 kW

209,076

40,320

22,652

75,082

13,917

6,135

42,971

410,153

65%

65%

20-49kW

54,171

      

 

10,105

      

 

4122

27,030

3,610

3,377

18,889

121,304

          

 

19%

85%

50-99 kW

22,688

      

 

3,853

        

 

1746

10,833

1,225

1,534

6,057

47,936

            

 

8%

92%

100-199 kW

10,826

      

 

1,868

        

 

783

5,570

551

771

2,651

23,020

            

 

4%

96%

200-299 kW

3,709

        

 

670

           

 

294

2,090

153

266

822

8,004

              

 

1%

97%

300-399 kW

2,038

        

 

383

           

 

150

1,100

82

122

371

4,246

              

 

1%

98%

400-499 kW

1,328

        

 

226

           

 

94

873

66

65

218

2,870

              

 

0%

99%

500-599 kW

821

           

 

166

           

 

82

607

41

56

136

1,909

              

 

0%

99%

600-699 kW

646

           

 

107

           

 

50

454

17

43

123

1,440

              

 

0%

99%

700-799 kW

444

           

 

72

             

 

39

331

15

24

86

1,011

              

 

0%

99%

800-899 kW

312

           

 

46

             

 

21

201

6

25

63

674

                 

 

0%

99%

900-999 kW

250

           

 

46

             

 

19

169

4

18

57

563

                 

 

0%

99%

1000--1499 kW

750

           

 

122

           

 

48

444

20

57

143

1,584

              

 

0%

100%

1500-1999 kW

339

           

 

45

             

 

29

182

4

40

47

686

                 

 

0%

100%

2000-2499 kW

185

           

 

16

             

 

11

119

8

27

30

396

                 

 

0%

100%

>2500 kW

482

           

 

64

             

 

19

359

13

78

91

1,106

              

 

0%

100%

TOTAL

308,065

    

 

58,109

      

 

30,159

      

 

125,444

    

 

19,732

      

 

12,638

      

 

72,755

      

 

626,902

          

 

100%

Existing

kW cutoff

2500

None

3000

400

2000 kva

500

500
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GWH

Cumulative

kW Range

TXU

CPS

AUSTIN

RELIANT

TNMP

CSW-WTU

CSW-CPL

TOTALS*

% of Total*

% of Total*

No demand

937.4

0.0

757.7

0.0

0.0

0.0

1,695

1%

1%

<20 kW

1,307.3

489.3

602.6

31.8

106.7

640.0

3,178

3%

4%

20-49kW

3,504.9

323.2

1,866.9

28.5

243.6

1,175.4

7,143

6%

10%

50-99 kW

3,904.7

347.3

1,924.5

25.4

266.2

1,010.8

7,479

6%

16%

100-199 kW

4,073.5

336.8

2,065.7

23.7

269.9

895.3

7,665

6%

23%

200-299 kW

2,717.8

253.5

1,406.4

13.0

168.7

545.6

5,105

4%

27%

300-399 kW

2,210.3

184.9

1,140.8

9.3

108.2

340.2

3,994

3%

30%

400-499 kW

2,094.9

169.9

1,283.2

10.1

92.9

296.6

3,948

3%

34%

500-599 kW

1,698.3

189.7

1,167.3

9.0

83.1

233.7

3,381

3%

36%

600-699 kW

1,657.4

152.9

1,054.8

3.8

72.7

241.4

3,183

3%

39%

700-799 kW

1,285.7

130.8

895.3

4.2

42.8

202.7

2,562

2%

41%

800-899 kw

1,005.1

70.6

624.8

1.7

57.3

149.2

1,909

2%

43%

900-999 kW

947.0

85.9

620.5

1.1

43.9

151.5

1,850

2%

44%

1000--1499 kW

3,860.9

225.0

2,130.0

7.8

256.7

551.9

7,032

6%

50%

1500-1999 kW

2,738.5

170.9

1,321.6

2.2

291.9

268.3

4,793

4%

54%

2000-2499 kW

1,971.0

108.2

1,073.9

4.5

268.0

266.8

3,692

3%

57%

>2500 kW

20,127.1

461.4

16,443.1

26.5

2,864.1

11,099.3

51,022

43%

100%

TOTAL

56,042

3,700

36,379

203

5,237

18,069

119,629

100%

Existing

kW cutoff

2500

None

3000

400

2000 kva

500

500

* Totals exclude CPS


Appendix 3.
Interval Metering Costs

	ERCOT Profiling Methodology Work Group
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Estimated costs to purchase and install interval data recorders
	
	
	
	
	
	
	

	
	for load research related to profiling
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Sample
	Meter &
	Maintenance
	Communications (Cellular)
	
	Communications (Land Line)
	
	Data Retrieval

	
	Installation
	& Testing
	Equip & Install
	Monthly
	Equip & Install
	Monthly
	& Translation

	1
	 $             753 
	$23/meter/mo
	 $             850 
	
	 $             120 
	
	$11/meter/mo

	2
	 $             730 
	no bid
	no bid
	
	no bid
	
	$14/meter/mo

	3
	 $             721 
	$19/meter/mo
	820
	
	100
	
	$25/meter/mo

	4
	 <------------
	 $          1,450 
	---------->
	$12 -15
	
	
	

	5
	 $             500 
	Mnt. =$33/hr
	$850 
	contract
	 $             100 
	 $               25 
	

	
	
	Tstng=$50/mtr
	
	
	
	
	

	6
	 $             735 
	$19/meter/mo
	 $             850 
	
	 $             112 
	
	$25/meter/mo

	7
	
	
	
	
	
	
	$11/meter/mo

	8
	
	
	
	
	
	
	$ 8/meter/mo

	9
	 $          1,130 
	$20/meter/mo
	no bid
	
	 $             155 
	
	$14/meter/mo

	10
	 $          1,174 
	$25/meter/mo
	no bid
	
	 $             125 
	
	$19/meter/mo

	11
	 $             669 
	
	
	
	 $               94 
	 $               40 
	

	12
	 $             570 
	$14/meter/mo
	1000
	
	 $             175 
	 $               18 
	

	
	
	
	
	
	
	
	

	Note: Prices increase as distance from major metropolitan area increases.
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	High
	 $          1,174 
	 $25/meter/mo 
	 $          1,000 
	
	 $             175 
	 $               40 
	$ 8/meter/mo

	Low
	 $             500 
	 $19/meter/mo 
	 $             820 
	
	 $               94 
	 $               18 
	$25/meter/mo

	Average
	 $             776 
	$20/meter/mo
	 $             874 
	
	 $             123 
	 $               28 
	$16/meter/mo

	
	
	
	
	
	
	
	

	Five Year life costs per meter
	
	
	
	
	
	
	

	Assumptions:
	
	
	
	
	
	
	

	
	Average cost for meter and installation
	
	
	
	
	 $             776 
	

	
	Average cost for meter maintenance and testing * 60 months
	
	
	
	
	             1,200 
	

	
	Average cost for land line communications equipment & installation
	
	
	
	
	                123 
	

	
	Average cost for monthly land line communications cost * 60 months
	
	
	
	
	             1,660 
	

	
	Average cost for translation * 60 months
	
	
	
	
	                960 
	

	
	
	
	
	
	
	 $          4,718 
	


Appendix 4.
Glossary

This Glossary is intended as a reference to terms and definitions used specifically in relation to load profiling, as used in settlement. It does not include other terms and definitions that are used in the ERCOT Deregulation Project.

Customer – In general, customer equates to customer premise and will conform to the definition of the ERCOT Customer Registration taskforce document ‘Customer Data Recommendations.

Data processing – The set of processes carried out on the raw data collected from the IDRs. These processes include verification, editing and data retention.

Design (auxiliary) variable – The variable chosen, as part of the sample design, which is used to determine the statistical requirements for the sample size.

Expansion – The process of estimating a particular attribute of a population from the relevant attribute of a sample of that population.

Interval Data Recorder (IDR) - Metering that is capable of recording load usage in relatively short time intervals (e.g. hourly, 15-minute). For purposes of this document, such devices are installed on a sample of customers for a given class to measure the customers’ load usage for the development of load profiles.

Load Profile - A representation of the consumption pattern of a group of customers, showing the demand variation on an hourly or sub-hourly basis.

Load Profile Class - A group of customers having similar energy usage patterns and that are assigned the same load profile.

Load Profiling - The set of processes, carried out as part of ERCOT settlements, that allows the consumption data in respect of non-interval metered customers, to be separated into hourly or sub-hourly consumption load profiles, by reference to generic hourly or sub-hourly load profiles, representative of those particular customers.

Load Profiling Methodology - The methodology utilized for:

· the production of the reference hourly or sub-hourly consumption load profiles;

· the statistical analysis of the reference load profiles; and

· maintenance of the reference load profiles.

Mean Absolute Deviation (MAD) – The mean of the absolute value of the differences between the supplied values (sample) and the arithmetic mean of all values (population).

Mandated level for interval metering – The level of maximum demand of an individual customer, specified in kW, above which it is required that an IDR is installed for the purpose of settlement. 

Mean Absolute Percentage Error (MAPE) – The mean of the absolute value of the percentage errors of all the projected data in the forecasting model versus the actual data. 

Sampling – The process of selecting a subset of a population of customers that statistically represent the population. For load profiling purposes, the samples have IDR installed.

Sample design – A set of processes used to determine the appropriate requirements for a sample of customer premises to be used for the purpose of creating a load profile.

Sample size – The number of data points (i.e. customer premises) in a particular sample.

Segmentation – The process of dividing a population into a number of sub-sets, according to certain parameters, for the purpose of creating load profiles for sub-sets of the population.

Segmentation parameter – The parameter chosen as the basis for segmentation.




� EMBED Excel.Sheet.8  ���








� Association of Edison Illuminating Companies Load Research Manual


* Some studies have shown adjusted static load profiling could be more accurate than true dynamic.  


� Relevant Co-op data may also be available.


� Assumes that load factor/kW basis is used only for customer groups that already have maximum demand metering installed.
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		ERCOT - NON-RESIDENTIAL ANNUAL GWH %  (by demand segment)

																		GWH				Cumulative

		kW Range		TXU		CPS		AUSTIN		RELIANT		TNMP		CSW-WTU		CSW-CPL		TOTALS*		% of Total*		% of Total*

		No demand		937.4				0.0		757.7		0.0		0.0		0.0		1,695		1%		1%

		<20 kW		1,307.3				489.3		602.6		31.8		106.7		640.0		3,178		3%		4%

		20-49kW		3,504.9				323.2		1,866.9		28.5		243.6		1,175.4		7,143		6%		10%

		50-99 kW		3,904.7				347.3		1,924.5		25.4		266.2		1,010.8		7,479		6%		16%

		100-199 kW		4,073.5				336.8		2,065.7		23.7		269.9		895.3		7,665		6%		23%

		200-299 kW		2,717.8				253.5		1,406.4		13.0		168.7		545.6		5,105		4%		27%

		300-399 kW		2,210.3				184.9		1,140.8		9.3		108.2		340.2		3,994		3%		30%

		400-499 kW		2,094.9				169.9		1,283.2		10.1		92.9		296.6		3,948		3%		34%

		500-599 kW		1,698.3				189.7		1,167.3		9.0		83.1		233.7		3,381		3%		36%

		600-699 kW		1,657.4				152.9		1,054.8		3.8		72.7		241.4		3,183		3%		39%

		700-799 kW		1,285.7				130.8		895.3		4.2		42.8		202.7		2,562		2%		41%

		800-899 kw		1,005.1				70.6		624.8		1.7		57.3		149.2		1,909		2%		43%

		900-999 kW		947.0				85.9		620.5		1.1		43.9		151.5		1,850		2%		44%

		1000--1499 kW		3,860.9				225.0		2,130.0		7.8		256.7		551.9		7,032		6%		50%

		1500-1999 kW		2,738.5				170.9		1,321.6		2.2		291.9		268.3		4,793		4%		54%

		2000-2499 kW		1,971.0				108.2		1,073.9		4.5		268.0		266.8		3,692		3%		57%

		>2500 kW		20,127.1				461.4		16,443.1		26.5		2,864.1		11,099.3		51,022		43%		100%

		TOTAL		56,042				3,700		36,379		203		5,237		18,069		119,629		100%

		Existing

		kW cutoff		2500		None		3000		400		2000 kva		500		500

		* Totals exclude CPS
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		ERCOT - NON-RESIDENTIAL CUSTOMER COUNT (by demand segment)

		kW																CUSTOMER				Cumulative

		Range		TXU		CPS		AUSTIN		RELIANT		TNMP		CSW-WTU		CSW-CPL		TOTALS		% of total		%

		<20 kW		209,076		40,320		22,652		75,082		13,917		6,135		42,971		410,153		65%		65%

		20-49kW		54,171		10,105		4122		27,030		3,610		3,377		18,889		121,304		19%		85%

		50-99 kW		22,688		3,853		1746		10,833		1,225		1,534		6,057		47,936		8%		92%

		100-199 kW		10,826		1,868		783		5,570		551		771		2,651		23,020		4%		96%

		200-299 kW		3,709		670		294		2,090		153		266		822		8,004		1%		97%

		300-399 kW		2,038		383		150		1,100		82		122		371		4,246		1%		98%

		400-499 kW		1,328		226		94		873		66		65		218		2,870		0%		99%

		500-599 kW		821		166		82		607		41		56		136		1,909		0%		99%

		600-699 kW		646		107		50		454		17		43		123		1,440		0%		99%

		700-799 kW		444		72		39		331		15		24		86		1,011		0%		99%

		800-899 kW		312		46		21		201		6		25		63		674		0%		99%

		900-999 kW		250		46		19		169		4		18		57		563		0%		99%

		1000--1499 kW		750		122		48		444		20		57		143		1,584		0%		100%

		1500-1999 kW		339		45		29		182		4		40		47		686		0%		100%

		2000-2499 kW		185		16		11		119		8		27		30		396		0%		100%

		>2500 kW		482		64		19		359		13		78		91		1,106		0%		100%

		TOTAL		308,065		58,109		30,159		125,444		19,732		12,638		72,755		626,902		100%

		Existing

		kW cutoff		2500		None		3000		400		2000 kva		500		500
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res898kw

		CLASS		DATE		"01:00"		"02:00"		"03:00"		"04:00"		"05:00"		"06:00"		"07:00"		"08:00"		"09:00"		"10:00"		"11:00"		"12:00"		"13:00"		"14:00"		"15:00"		"16:00"		"17:00"		"18:00"		"19:00"		"20:00"		"21:00"		"22:00"		"23:00"		"24:00"		Total

		"RES98         "		80198		2.627		2.362		2.175		2.040		1.970		1.917		1.825		2.004		2.235		2.522		2.998		3.369		3.674		4.013		4.140		4.343		4.460		4.455		4.456		4.286		4.019		3.707		3.433		3.008		76.038

		"RES98         "		80298		2.748		2.388		2.235		2.032		1.914		1.832		1.775		1.811		2.120		2.458		2.907		3.340		3.723		4.036		4.366		4.583		4.579		4.706		4.616		4.429		4.403		4.240		3.815		3.331		78.387

		"RES98         "		80398		2.922		2.703		2.596		2.374		2.215		2.147		2.098		2.234		2.247		2.452		2.793		3.289		3.767		3.895		4.168		4.278		4.314		4.418		4.406		4.210		4.030		3.928		3.602		3.090		78.176

		"RES98         "		80498		2.680		2.531		2.312		2.202		2.073		1.968		2.153		2.136		2.032		2.164		2.420		2.568		2.862		3.105		3.194		3.316		3.329		3.468		3.385		3.209		3.126		3.094		2.819		2.416		64.562

		"RES98         "		80598		2.137		1.961		1.854		1.750		1.630		1.619		1.734		1.769		1.846		1.902		2.126		2.209		2.355		2.586		2.631		2.556		2.589		2.596		2.822		2.764		2.718		2.647		2.390		2.143		53.334

		"RES98         "		80698		1.785		1.652		1.601		1.517		1.430		1.513		1.699		1.715		1.569		1.608		1.653		1.798		1.874		2.078		2.194		2.433		2.700		2.915		2.976		2.822		2.645		2.559		2.388		2.095		49.219

		"RES98         "		80798		1.834		1.659		1.504		1.430		1.338		1.318		1.465		1.640		1.571		1.728		2.027		2.407		2.668		2.995		3.231		3.311		3.505		3.582		3.385		3.129		2.919		2.816		2.505		2.206		56.173

		"RES98         "		80898		1.970		1.773		1.663		1.536		1.387		1.355		1.391		1.477		1.761		2.113		2.484		2.845		3.243		3.547		3.783		3.995		3.985		4.027		4.047		3.957		3.751		3.510		3.137		2.907		65.644

		"RES98         "		80998		2.616		2.300		2.126		2.025		1.925		1.813		1.839		1.958		2.238		2.482		2.856		3.199		3.477		3.828		4.090		4.116		4.229		4.419		4.531		4.354		4.027		3.872		3.476		2.868		74.664

		"RES98         "		81098		2.571		2.325		2.173		1.973		1.871		1.885		1.988		2.043		2.168		2.308		2.616		3.030		3.387		3.840		4.016		4.156		4.312		4.442		4.433		4.384		4.165		3.961		3.540		3.073		74.660

		"RES98         "		81198		2.671		2.413		2.173		2.074		2.002		1.958		2.077		1.961		1.977		2.087		2.484		2.854		3.296		3.528		3.718		3.827		3.716		3.682		3.636		3.475		3.272		3.140		2.908		2.454		67.383

		"RES98         "		81298		2.171		1.992		1.867		1.789		1.703		1.744		1.896		2.005		1.839		1.982		2.258		2.421		2.657		3.026		3.303		3.469		3.626		3.813		3.971		3.834		3.617		3.438		3.139		2.689		64.249

		"RES98         "		81398		2.290		2.079		1.944		1.833		1.728		1.766		1.950		2.026		1.769		1.771		1.759		1.942		2.036		2.226		2.493		2.734		2.975		3.311		3.351		3.297		3.223		3.058		2.805		2.453		56.819

		"RES98         "		81498		2.138		1.991		1.855		1.765		1.649		1.680		1.809		1.794		1.742		1.814		1.956		2.066		2.275		2.376		2.587		2.676		2.896		2.973		2.981		2.927		2.705		2.542		2.418		2.030		53.645

		"RES98         "		81598		1.837		1.652		1.503		1.434		1.349		1.301		1.321		1.516		1.733		2.065		2.387		2.755		3.072		3.370		3.421		3.697		3.867		3.798		3.617		3.461		3.293		3.073		2.851		2.476		60.849

		"RES98         "		81698		2.234		1.970		1.841		1.693		1.614		1.564		1.567		1.602		1.880		2.167		2.483		2.926		3.214		3.552		3.857		3.989		4.165		4.167		4.181		3.974		3.890		3.660		3.195		2.771		68.156

		"RES98         "		81798		2.405		2.178		2.019		1.835		1.737		1.725		1.881		1.968		1.794		2.043		2.313		2.694		2.985		3.150		3.376		3.693		3.681		3.895		3.928		3.765		3.536		3.273		2.895		2.469		65.238

		"RES98         "		81898		2.204		1.916		1.776		1.686		1.591		1.707		1.779		1.846		1.779		1.973		2.135		2.458		2.820		3.055		3.222		3.359		3.476		3.574		3.574		3.507		3.431		3.183		2.891		2.408		61.350

		"RES98         "		81998		2.172		1.928		1.758		1.654		1.605		1.666		1.790		1.875		1.741		1.896		2.244		2.594		2.949		3.185		3.396		3.662		3.776		3.918		3.948		3.699		3.463		3.322		2.858		2.456		63.555

		"RES98         "		82098		2.146		1.923		1.841		1.739		1.632		1.748		1.778		1.921		1.821		1.897		2.257		2.600		2.929		3.130		3.360		3.693		3.874		4.070		4.105		3.937		3.857		3.619		3.235		2.686		65.798

		"RES98         "		82198		2.399		2.102		1.964		1.882		1.801		1.789		1.859		2.000		1.872		2.047		2.390		2.660		3.043		3.227		3.386		3.700		3.791		3.991		4.059		3.686		3.418		3.274		2.935		2.567		65.842

		"RES98         "		82298		2.293		2.078		1.925		1.767		1.667		1.569		1.612		1.772		1.925		2.241		2.545		2.852		3.030		3.245		3.380		3.573		3.654		3.621		3.607		3.508		3.338		3.145		3.001		2.596		63.944

		"RES98         "		82398		2.351		2.073		1.939		1.763		1.647		1.614		1.619		1.727		1.936		2.202		2.446		2.728		3.198		3.502		3.585		3.820		3.841		3.770		3.907		3.785		3.708		3.585		3.118		2.694		66.558

		"RES98         "		82498		2.402		2.142		1.929		1.883		1.743		1.732		1.854		1.891		1.783		1.937		2.180		2.526		2.889		3.075		3.328		3.588		3.824		4.066		4.065		3.904		3.859		3.621		3.129		2.652		66.002

		"RES98         "		82598		2.344		2.126		2.070		1.948		1.861		1.849		2.112		2.104		1.974		2.036		2.351		2.793		3.182		3.380		3.556		3.762		3.985		4.171		4.206		4.140		3.932		3.713		3.316		2.708		69.619

		"RES98         "		82698		2.427		2.185		2.095		1.951		1.881		1.891		1.915		1.924		1.972		2.130		2.408		2.748		3.150		3.417		3.679		3.880		4.086		4.184		4.280		4.064		3.930		3.760		3.370		2.881		70.208

		"RES98         "		82798		2.516		2.283		2.112		2.042		1.935		1.859		2.030		2.121		1.954		2.082		2.343		2.736		3.156		3.371		3.721		4.000		4.098		4.237		4.288		4.101		3.882		3.736		3.315		2.726		70.644

		"RES98         "		82898		2.426		2.205		2.072		1.976		1.857		1.860		1.973		1.957		1.814		2.070		2.425		2.860		3.288		3.616		3.774		3.912		4.040		4.224		4.208		3.905		3.702		3.509		3.196		2.830		69.699

		"RES98         "		82998		2.565		2.332		2.235		2.121		1.997		1.951		2.002		2.129		2.232		2.492		2.875		3.155		3.469		3.674		3.961		4.090		4.226		4.162		3.884		3.629		3.453		3.308		2.936		2.540		71.418

		"RES98         "		83098		2.297		2.101		1.983		1.856		1.682		1.620		1.600		1.688		1.953		2.275		2.604		2.929		3.240		3.555		3.904		3.988		4.085		4.221		4.311		4.006		3.845		3.659		3.294		2.738		69.434

		"RES98         "		83198		2.333		2.117		1.942		1.824		1.741		1.658		1.908		1.862		1.722		1.898		2.085		2.412		2.842		3.145		3.368		3.616		3.758		3.896		4.032		3.844		3.690		3.448		2.903		2.431		64.475

																																																						2045.742
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