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FILING OF SAN DIEGO GAS AND ELECTRIC COMPANY (U 902-E)


DYNAMIC LOAD PROFILING STATUS REPORT








I.��OVERVIEW


San Diego Gas & Electric Company (SDG&E) provides this status report pursuant to Decision 97-10-086, Opinion Regarding The Load Profiling Workshop Report And Its Supplements.  Decision 97-10-086, Ordering Paragraph 2, section (b) states as follows:


"PG&E and SDG&E shall file with the Docket Office and serve a status report within 30 days from today’s date as to the reasons why dynamic load profiling cannot be instituted for their residential and small commercial and industrial customers by January 1, 1998.


(1)	Such a status report shall also inform the Commission as to what steps they will take to ensure that dynamic load profiling can be in place beginning on July 1, 1998, as well as the estimate of the costs that they anticipate spending to institute load profiles."





	While a statistical modeling approach involving the use of existing load-research data can provide excellent results, SDG&E believes a dynamically integrated approach using existing load-research data, new metered data, and statistical modeling is superior.


To ensure that accurate dynamic load profiling is in place by July 1, 1998, SDG&E proposes to take the following steps to implement a dynamically integrated load profiling methodology; (1) continuing to use data from SDG&E's existing load research sample points (with monthly read capability), (2) installing additional load research meters with daily-read capability, and (3) incorporating statistical techniques to reflect relevant weather conditions and historic usage patterns.  SDG&E's approach will allow the dynamic development of accurate load shapes corresponding to SDG&E's proposed load profile categories (excluding lighting and agricultural load profiles), and it will provide the required flexibility for additional load profile segmentation in the future. 


To produce accurate load shapes in a timely fashion, SDG&E proposes to estimate class load profiles using additional load research meters with modem capability that can be remotely accessed daily.  These new load research meters will augment the existing load research meters and statistical techniques.  SDG&E believes that this methodology is the best way to ensure load profile accuracy and it best satisfies the CPUC’s intent of "dynamic" load profiling.  Advantages of SDG&E's proposed methodology include:





Timely development of load profiles based on real-time metered consumption data and modeling;


Provides accurate results;


Average errors from modeling are well within the precision of load-research meter only samples


Similarity to  methods, using modeling alone, used elsewhere for energy settlement purposes;


Proxy day approach in the Northeast pilots


Montana RFP for modeling approach


Results will be based on validated data;


A modeling approach based on validated data will provide better accuracy than a dynamic approach based on data that have not been validated


Conforms with utility practice of forecasting loads;


Assists energy-service providers (ESPs) who need to bid into the PX ahead of time;


Profile models used to develop backcasts with actual weather can be used to develop profile forecasts with forecasted weather





Incorporates a back-up methodology in the event of technology failures


Econometric modeling can be used in the event of meter communication problems, power outages, etc.





II.��Background on STATISTICAL MODELING


This background material is provided to assist the Commission to understand the reasons why SDG&E is submitting a proposal calling for a dynamically integrated load profiling approach.  Profile modeling involves the development of statistical models that represent the responses of measured customer loads to weather and a variety of calendar variables.  Profile modeling can be applied to system load shapes, rate-class load shapes, segment load shapes, or individual customer load shapes.  Profile modeling is widely used for system load forecasting, and in this context statistical models have proven to be highly accurate.  Additional discussion is included as Attachment 1. -- Approaches to Statistical Profile Modeling.


Profile models are equations that provide load predictions given actual or forecasted conditions.  Profile models are estimated using historical data on loads and on associated explanatory factors, including:





(	Weather variables, such as daily highs and lows and humidity levels,


(	Calendar variables, such as day of the week and holiday schedules, and 


(	Other factors, such as sunrise and sunset and the timing of daylight savings time.  


The historical relationships between loads and these explanatory factors is strong for most types of loads, reflecting the consistency of human behavior and the response of mechanical systems to weather conditions.  These methods work extremely well for prediction of system loads, and typical modeling errors are about 1.5% in this type of application.  These models also work well for modeling of class load shapes based on load-research data where the modeling errors are usually a bit larger, in the 3% range.  This reflects the fact that load-research samples are more variable due to small sample sizes.  Larger load-research samples will provide more stable estimates of class loads.  As a result, the larger the load-research sample becomes, the better profile models will work.  


Another use of modeling is to reduce the size of the dynamic sample that is required.  There are two sources of error in rate-class load-shape estimates.  The first is normal sampling error.  Sampling theory suggests that a relatively large sample is required to reduce the probability of a non-representative sample.  The second is daily variation of a given sample.  That is, although a sample may be representative on average, random variations from day to day in the sample customer loads may make it less representative on specific days.  Profile models, however, will be more stable than the data itself, since the models will average through the spurious day-to-day variations.  If the goal is to estimate typical load shapes in the population, a smaller sample with an appropriate model will provide the same if not better accuracy as a larger sample without modeling.





IiI.��dynamically integrated load profiling approach


While a statistical modeling approach involving the use of existing load-research data can provide excellent results, SDG&E believes a dynamically integrated approach entailing the integration of existing load-research data, new metered data, and statistical modeling is superior.


The precision of model predictions can generally be improved through increasing sample size.  Of course, increasing sample size through additional metering can be both time consuming and costly.  SDG&E's approach is designed to blend the advantages of larger samples with the benefits of modeling.


The statistical model used in the dynamically integrated approach would be estimated with pooled data drawn from two sources: existing load-research meters and new interval meters.  The predicted loads for the previous day could be developed on the basis of two key pieces of information: model predictions and actual reads.  Both pieces of information are important.  Model predictions are based on the pooled sample and thus have smaller sampling error than actual reads (which would be available for only new meters).  Actual reads, however, do not have modeling error.  Combining these estimates should yield higher precision than the use of either estimate by itself.  Integrating these estimates would entail the following weighting scheme:





�EMBED Unknown���





where MLoadrht is the model-based prediction  in rate class r during hour h of day t, and SLoadrht is the estimate based on actual reads of prior day loads for the new sample.





The dynamically integrated load profiling approach offers a number of benefits:





1.	The system could be implemented fairly quickly using load-research data, and could evolve as new metered data become available.





2.	By combining modeling estimates and reads from new meters with daily interrogation, a given level of precision could be achieved with a smaller sample of new meters.





3.	Combining modeling estimates and actual reads can be designed to maximize the fit of the predicted loads with actual system loads.





4.	The ability to be used for both backcasting (profiling) and forecasting (e.g., for scheduling).  Note that this cannot be said about non-modeling approaches no matter how extensive and timely the metered data.








IV.��IMPLEMENTATION TIMING


SDG&E proposes that its methodology be available to produce dynamic load profiles by June 1, 1998.   Under SDG&E's interim methodology of PX charges/credits and residual CTC unit charges, the prior month's actual PX prices will be used to establish the succeeding month's Monthly Average PX Prices and residual CTC unit charges.  Therefore, to enable the newly derived load profiles to be used for billing purposes on July 1, 1998, SDG&E must be able to implement the revised load profile methodology in the preceding calendar month of June 1998.


SDG&E's proposed approach cannot be implemented by January 1, 1998.  To do so would have required the appropriate systems to be in-place by December 1, 1997 to enable SDG&E's interim PX/CTC approach to be used.


  SDG&E proposes to begin its implementation process upon receiving positive feedback from parties in this proceeding and from the Commission.  SDG&E's implementation schedule to meet the June 1, 1998 date is premised on the assumption that most methodology details will be settled no later than January 31, 1998.  Activities that will be required for implementation include: (1) the development of statistical models, (2) the installation of at least 400 meters with daily-read capability, and (3) the development of systems and procedures to quickly formulate load shapes, possibly automated, to enable daily updates.   





V.��COSTS OF IMPLEMENTATION


Preliminary estimates of implementing SDG&E's dynamically integrated load profiling approach are as follows:





450 AMR meters (including installation of telephone lines) @ $1,150/mtr	$517,500


Statistical model development and implementation				$200,000 


	Total Fixed Costs:							$717,500


	Monthly Costs: (450 telephone lines @ $17/month/line)		    $7,650
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Attachment 1


Approaches to Statistical Profile Modeling





There are three approaches that have been widely used for statistical profile modeling.





(	Proxy-day approach


(	Daily modeling approach


(	Hourly modeling approach





Each of these methods is discussed briefly below.





Proxy-Day Approach.  With this approach, hourly loads for each class are assigned based on data from a historical load-research database.  For a specific target day, the process works as follows when used to develop dynamic profiles (backcasts):





(	Find the historical day that had system loads most similar to the target day.


(	Make a copy of load-research estimates for class load shapes on the similar day.


(	Paste the similar day class loads into the profile database for the target day.


(	Make minor adjustments to calibrate to the system load for the target day.





This method is used for development of dynamic profiles in Massachusetts and other states in New England.  To select the proxy day, the method used in New England takes the hourly system loads for the target day and computes a mean squared error relative to all days of the same type in the historical database.  The proxy day is selected as the day with the minimum mean squared error.  Different rules could be used to select the proxy day, but the idea would be the same.





For forecasting, the proxy day can be selected based on hourly temperature forecasts, by finding a day in the historical data base that is of the same type and that has the most similar weather.  This could be based on a single weather station or on multiple weather stations.  This type of “similar day lookup” is often used in the forecasting of day-ahead system loads, but it works equally well for forecasting of class loads or individual customer loads.





Hourly Model Approach.  Hourly profile models have a set of equations that give estimated hourly loads as a function of weather conditions and calendar variables.  The models may be linear models such as linear regression models, or nonlinear models such as neural network models.  The models are estimated using historical load-research data, and the coefficients of the estimated models embody the relationship between the explanatory factors and class loads for each hour of the day.  This method is widely used in forecasting of day-ahead system loads.





Daily Model Approach.  This approach is the most widely used method for long-run hourly load-shape forecasting.  It strikes a balance between the proxy-day approach and the hourly model approach.  The daily model has two components:





(	Day-type shape library.  The day-type shape library contains load profiles for specific day types within each month or season.  Typically the day types are identified as follows:  (a) hot weekday, (b) mild weekday, (c) cold weekday, (d) Saturday, and (e) Sunday.  





(	Daily energy models.  These models give daily consumption as a function of weather and day type.  The models can take several forms, and they allow for a nonlinear or piece-wise linear relationship between daily energy and weather conditions.





In application, the daily energy models are used to estimate energy use on a specific day, and the appropriate load shape is then applied to allocate this energy to hours of the day.  For example, if the temperature indicates that it is a hot weekday, then the load shape for a hot weekday is used to allocate energy across the hours.





Comparison of Results.  A comparison of these methods was made based on load-research data that were made available as part of the Massachusetts pilot.  An example of the results is presented in � REF _Ref403783751 \* MERGEFORMAT �Figure 1� through � REF _Ref403783757 \* MERGEFORMAT �Figure 4�.  Each figure shows the actual load-research data for a rate class on a specific day (August 22, 1996).  This day is the sixth highest of the year, with a peak load that is about 7% below the annual system peak.





In addition to the load for the target day, each chart shows the load that would result from application of the Proxy-Day Approach, a Daily Model Approach, and an Hourly Model Approach.  For all classes, the three modeling approaches provide profiles that are very close to the target day shape.  In fact, these profiles are all well within the range of statistical precision that is provided by typical load-research samples.  The static approach falls well below the target, reflecting the fact that the target day is a high-load day.  





Our conclusion from looking at these results is that that the alternative methods (dynamic data, proxy day models, day-type models, and hourly models) will work about the same, at least for the Massachusetts data examined here.  To see if this conclusion extends to other jurisdictions it is necessary to put the rate-class shapes through the same set of diagnostics to see if these conclusions hold.  
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Figure �SEQ Figure�1�:  Comparison for Small Commercial














�LINK Excel.Chart.5 "D:\\PAPERS\\AEIC\\1997\\g20Shape.xls" "Aug22Cht (2)" \a \p���


Figure �SEQ Figure�2�:  Comparison for C&I Demand < 200 kW
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Figure �SEQ Figure�3�:  Comparison for C&I TOU > 200 kW
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Figure �SEQ Figure�4�:  Comparison for Residential
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