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Background





The electric utility industry is in the midst of deregulation in the United States along with other countries such as the UK, Australia, and New Zealand. Deregulation is opening up the traditional electric utility industry to completion at the generation and retail level so that customers can purchase electricity from a variety of suppliers. 





The historical approach to metering and billing has been based upon total energy (KWH) consumed within a billing period. Commercial and industrial customers typically have a demand (KW) charge based upon the maximum amount of usage within a short time period such as 15 minutes. Although meters measure energy being consumed on a continuous basis, meter readings are obtained once each month and are typically the demand (KW) and energy (KWH) values. Actual bills are then calculated by applying an energy charge to the KWH and a demand charge to the KW.





The pricing structure for electricity has been cost based with demand and energy charges priced at a level to cover capacity costs (generation) and operating costs (fuel, services, etc.) along with a reasonable rate of return for the investments made by the utility. These cost of service based rates are approved by state utility commissions and are changed only when there is a significant change in cost such as adding a new power plant by the utility.





Statistical Load Research





Since meters typically return only the maximum demand and total energy for customers, there is no indication as to how customers use energy relative to time such as on a time of day and day of week basis. The exception to this has been metering for large industrial customers which record energy usage on an interval by interval basis. This load profile data is then used to support complex rates such as Real Time Pricing and Time Of Use tariffs.





Most utilities have implemented Load Research programs that use statistical sampling to develop load characteristics for residential and commercial customers. Load profile meters are installed on a small number of customers selected by statistical sampling. The load shapes from the sample customers are then expanded by using a mean per unit or combined ratio expansion technique to develop load characteristics for the entire rate class or group of customers.





Load Research data has been used for cost of service allocations, system planning, and long term forecasting. Load Research data is now being used to support marketing of energy by developing load profiles on selected types of customers (i.e., by SIC code) in order to evaluate alternative rates and product offerings.





Utilities also collect demographic and end use information about the customers selected for the sample. ‘Domains Analysis’ is then used to develop load shapes for customers that meet selected end-use or demographic characteristics by using data from  the primary sample. These average load shapes are expanded to class level to measure the impact of that particular end-use or demographic characteristic.





Statistical sampling provides a high degree of accuracy with most load research programs designed to  meet a target accuracy for the class at the time of system peak of 90% confidence level with plus or minus 10% error of the mean. Samples are designed using a single random sample, stratified sampling, or cluster sampling.





The Load Research Package supplied with the MV-90 Multi-Vendor Translation System is used by many utilities to support their Load Research programs. With Load Research fully integrated with MV-90, load shapes can be developed immediately and automatically as data is collected and validated for the sample customers.





Current State Of Industry





Deregulation and competition are changing the dynamic of energy pricing which has a major impact on metering and billing systems. Instead of the traditional demand and energy values obtained once each month, pricing and load scheduling is now occurring on an hourly or daily basis. 





Many states including California are now setting up organizations to support energy trading in a competitive marketplace. These organizations include an Independent System Operator (ISO) that is responsible for the operation of the high voltage transmission grid, the Power Exchange (PX) that is responsible for the hourly and daily pricing of electricity along with the contractual arrangements between energy suppliers (producers) and retailers (customers). There are also various forms of aggregators who sell power to the grid or purchase power on behalf of one or many retail customers.





Since load schedules must be submitted and balanced on an hourly basis, the industry is in a dilemma trying to determine if all customers who purchase power under direct access or customer choice markets have to be metered with load profile meters. The alternate solution is for those customers to be metered with traditional meters and then use estimated load shapes (profiling) to balance load schedules and billing. The final decision will have a major impact on the cost of metering and the amount of data to be collected each day or billing period.





No one would argue that the most accurate measurement for retail energy use would be to use hourly metering. However, several utilities and commissions are considering some form of Load Profiling where estimated load shapes can be used in place of actual hourly load data from the meters.





Retail marketers of electricity will be required to schedule load on an hour ahead or day ahead basis through the ISO/PX organizations. These scheduled loads must then be balanced against actual consumption by the direct access customers with the potential for financial penalties for imbalances between scheduled and actual loads. Data from many customers will need to be aggregated on an hour by hour basis for scheduling and balancing even though the actual end-use customer may still be billed on a traditional demand and energy tariff. This aggregated hourly data will then be submitted to the ISO/PX organization.





UTS and Itron are in a unique position with the MV-90 Translation System (including the Load Research Package) and the Mobile and Fixed Network AMR systems to provide utilities with the maximum flexibility in support of retail competition.





Load Profile Metering Verses Load Profiling





Load Profile Metering is defined by using a meter (or solid state recorder) to record interval by interval load data on a 15, 30 or 60 minute basis. Load Profile Metering is the most accurate way to bill direct access customers, but can be rather expensive with very large amounts of metering data to be retrieved each day.





Load Profiling is defined as estimated load shapes that are developed from historical or current day data and balanced to actual meter readings on a daily or monthly basis. Load Profiling was used in the UK to support the 2nd tier customer market for 100kw customers until Load Profile Metering could be installed. These profiles were balanced to meter readings every three days and used to bill customers on a ½ hourly basis. Load Profiling is now being considered in the UK to support residential customers in 1998 who purchase power from a non-franchise utility. It is also being considered by several state commissions and utilities as a viable way to support direct access customers who purchase power competitively.





If Load Profile metering is required to support retail competition, UTS and Itron can provide a full range of solutions that include both wire and wireless communications as well as handheld meter reading systems (optical probing) for data collection. This includes support of metering hardware from most all meter suppliers (MV-90) as well as load profile data obtained via the Itron fixed AMR network. The key is to minimize metering and communication expenses to the extent possible.





If Load Profiling is approved for use to support retail competition, UTS and Itron can provide a range of solutions including the most ideal condition for using estimated load shape data. The methodology for statistical sampling and developing customer load shapes is well defined by many utilities currently using Load Research programs. The MV-90 Multi-Vendor Translation System has data estimation algorithms  that use customer load shapes (either historical data or current day data) as reference profiles to estimate missing data. This is accomplished by using data for the same time of day and day of week to estimate missing data with energy balanced to actual meter readings and load curves smoothed to meet maximum demand constraints. This estimation technique is now used by utilities around the world to estimate load data when data is missing due to meter failures.





This combination of using historical or current day load data to estimate customer load shapes and balance to monthly or current day meter readings is the key to making Load Profiling a viable option for retail competition.





Each of these options will be analyzed in detail to evaluate the pros and cons of each alternative. 





Use historical load research data as reference data and balance to monthly meter readings





Use historical load research data as reference data and balance to daily meter readings





Use current day load research data as reference data and balance to monthly meter readings





Use current day load research data as reference data and balance to daily meter readings





The relationship of these four alternatives is shown in the following diagram.
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As Load Researchers, we know that weather has a significant impact on residential and small commercial energy consumption. Several utilities have conducted Load Research programs designed to measure the impact of weather and have used ‘Weather Normalization’ to predict the impact of weather on future loads. However, weather data has little impact on large industrial and commercial loads. Transfer of load data from one region to another region or from one time period to another time period must take into account several factors that impact on actual energy consumption. These factors include:





Heating and cooling degree days (temperature)


Relative Humidity


Solar Radiation


Cloud Cover


Cumulative effect of extreme heat or cold temperatures





Using regression analysis, the impact of each of these factors can be calculated and used to predict future loads based upon forecasts or actual measurement of these parameters. 





Most traditional Load Research has been done using class level sampling with the objective to develop load profiles for the entire class. This sample data can be used to develop load profiles for customers that meet specific end-use or demographic characteristics. However, cluster sampling may be better suited to support customer segmentation and to develop Load Profiling for customers that have characteristics similar to the cluster being sampled.





Alternative One -- Historical Load Research Data Balanced To Monthly Meter Readings





The advantage of using historical load research data balanced to monthly meter readings is that most utilities have this capability today and can be implemented with minimal expense. MV-90 maintains several years of load research data on-line and can develop reference load shapes for use as reference data to estimate load shapes for customers who do not have load profile meters. Meter readings would be transferred to MV-90 so that estimated load shapes can be created for those customers.





The disadvantage of using his alternative is that estimated load shapes will have significant inaccuracies due to weather (this can be minimized using regression analysis on key variables such as heating and cooling degree days) and the fact that daily energy usage can be in balance for the month but have major variations on individual days.  





This alternative can be supported by using the MV-90 Load Research Package along with monthly meter readings obtained from any of the meter reading systems currently in place. There could be some potential problems in billing and energy balancing  due to meters being read on a cycle day basis throughout the month rather than on a calendar month basis.





Alternative Two -- Historical Load Research Data Balanced to Daily Meter Readings





This alternative is similar to Alternative One except that energy is balanced each day which eliminates the error due to variations of energy daily usage throughout the month.





This alternative can be supported using the MV-90 Load Research Package and the Itron Mobile or Fixed Network AMR system to obtain daily meter readings.





Alternative Three -- Current Day Load Research Data Balanced To Monthly Meter Readings





This alternative eliminates the impact of weather by using current day data, but has some inaccuracies due to daily energy usage being out of balance on a daily basis.





This alternative can be supported by using MV-90 to collect interval load data on a daily basis using wire or wireless communications from the sample customers. The Load Research Package is then used  to develop same day load shapes to be used as reference data to estimate load profiles after the meter readings are obtained from the traditional meter reading systems.





Alternative Four -- Current Day Load Research Data Balanced To Daily Meter Readings





The best alternative is to use current day load research data to balance to daily meter readings. This alternative eliminates the variation due to weather and minimizes the error in energy usage by balancing to actual meter readings on a daily basis.





This alternative can be supported with MV-90 reading load profile data for the sample customers using wire or wireless communications at the end of each day. The Itron Fixed Network AMR system can also obtain the hourly load profiles and supply the data to MV-90 at the end of each day. The actual meter readings can be obtained on a daily basis using the Itron Mobile or Fixed AMR Network. MV-90 will then build the estimated load shapes using current day load data from the statistical sample. Load Profiling for direct access can then be calculated using current day reference data balanced to actual meter readings.





This entire process can be performed automatically with all data collection and validation being performed by the UTS/Itron system on a daily basis.





Proof Of Concept





These alternatives can be verified using Load Research data to build reference profiles with both historical and current day data and balancing to daily and monthly meter readings. Actual load data can then be used from the estimated customers to measure the relative accuracy of each alternative. 


�
                                  Steps To Verify Load Profiling Alternatives





In order to evaluate the alternatives outlined in this paper, Load Research data will be used to create the same conditions that would exist as if we are reading data and meter readings on a daily or monthly basis and then developing estimated load shapes.





For utilities that have the MV-90 Translation System with the Load Research Package, these alternatives can be verified with various customer types and classes by using the following steps.





From the Load Research data base, select a stratum that has at least 13 months of  sample load data. Select a customer for the test  month. The test month should have data for the same month last year.


  


For the test customer, create two master file entries with two data channels per entry. This will allow one channel to be used for historical data and the other channel to be used for current day data as the reference data for estimating the load shapes.





             ID1,  Chan 1     Historical Reference Data, Daily Meter Readings


                      Chan 2     Current Day Reference Data, Daily Meter Readings





             ID2,   Chan 1    Historical Reference Data, Monthly Meter Readings


                       Chan 2    Current Day Reference Data,  Monthly Meter Readings





Using Meter Read Reconciliation, calculate a meter reading at midnight for each day within the test month. A meter reading must also be calculated for midnight on the last day of the previous month which will become the beginning meter reading for the estimated data.	





Using the Translation Directory Maintenance option, create empty data files for each of the 30/31 


       days for the test ID to be used for balancing against daily meter readings. Create an empty data file


 	  for the full month for the test ID to be used for balancing against monthly meter readings.





Edit in the start/stop meter readings for each day for the test ID to be used for balancing against daily meter readings. Edit in the start/stop meter readings for the month for the test ID to be used for balancing against monthly meter readings.





Use data estimation to develop an estimated load shape for each day for the test ID to be used for balancing against daily meter readings. Use monthly historical data from the same month one year ago to estimate each day and balance to meter readings for the first channel of data.  Use same day data from the current month to estimate each day and balance to meter readings for the second channel of data. The mean per unit data from the stratum summary files will  be used as reference.





7.	  Use data estimation to develop an estimated load shape for the month for the test ID to be used for			 balancing against monthly meter readings. Use monthly historical data from the same month one year		 ago to estimate the full month and balance to meter readings for the first channel of data.  Use current		 month’s data  to estimate the month  and balance to meter readings for the second channel of  data.





Use totalization to compare each of the estimated load shapes to the actual data. Sum the actual load data into channel 1 of the summary file, the estimated load shape into channel 2, and the net difference into channel 3. Summary mapping will need to be defined for each of the four load shape channels in order to  compared to the actual interval data for the test customer.





9.    Use the Monthly Summary Report (Graphics Package) to calculate total energy (KWH), maximum  		 demand (KW), and daily load factor for the test customer with actual metering data and for each of		 the estimated	 channels of load profile data. Compare th
