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I. INTRODUCTION
In preparation for the establishment of a competitive retail electric power market for Texas in 2002, the Electric Reliability Council of Texas (ERCOT) took over control of about 75% of the electric power system in Texas on July 31, 2001. The result was to combine control areas operated by 10 electric utilities into a single ERCOT control area. American Electric Power (AEP) operated one of these control areas that included its 2 AEP-Texas operating companies, Texas Central Company (TCC), and Texas North Company (TNC). One of the results of this combination was that AEP was no longer able to accurately measure the total load on its transmission and distribution systems in ERCOT.

Since that time, AEP has been working to restore the ability to accurately calculate its load on the ERCOT system. A project to install and read the meters required to accomplish this goal is now essentially complete. This paper will describe why it is important for AEP to be able to measure system load, how AEP accomplished the goal, problems overcome completing the project, and lessons learned in the process.

II. BACKGROUND

First, the term “system load” as used in this paper must be defined. System load is the total energy consumed on an electric system. It is measured by adding together the measured output of all generating units connected to the system, and then adding or subtracting the power received or delivered by the system at all points where it is interconnected with other electric systems.
 
Prior to ERCOT assuming control of the system, interval data recorders (IDRs) were installed on all generating units on the ERCOT system. AEP has access to data from these meters. In order for ERCOT to calculate system load and to control the system, it only required meters on the 3 DC interconnect points where the ERCOT system is tied to the rest of the North American grid. However, there are almost 100 points where the AEP system is connected to other ERCOT electric utilities. Previously when the individual utilities operated control areas, all of these interconnect point was metered with the companies’ supervisory control and data acquisition (SCADA) systems. The hourly MW flows for each of these interconnect points (or “tie-lines”) were “checked out” by comparing the measurements taken by of each of the 2 companies connected and resolving any differences. System operators performed this function on a daily basis. This was a very expensive and time-consuming process; therefore when these tie-line measurements were no longer required for system control, the decision was made to stop checking them out. Many of the meters at these interconnect points were removed. The result was that AEP no longer had data that could be relied on to accurately calculate system load.
III. THE NEED FOR SYSTEM LOAD
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Here are some of the uses for hourly system load data that led AEP to the decision to resume collecting and validating power flow data at the interconnect points in ERCOT. 


A. Load Research Studies

An accurate system load calculation can improve the accuracy and/or reduce the cost of a load research sample. Presentations at past AEIC conferences have shown that reconciling the sum of all customer class load estimates back to a known total will reduce the error in the class estimates. ERCOT currently performs such a reconciliation when it allocates unaccounted-for energy (UFE) back to class loads, forcing the sum of the customers loads and estimated losses (the “bottom-up” calculation) to exactly match the calculated total ERCOT system load (the “top-down” calculation). Comparison of bottom-up to top-down calculations can also improve confidence in load research results, and allow a load research analyst to identify and eliminate systematic errors. 

B.  System Loss Studies

AEP periodically performs analyses of the energy lost in the transmission and distribution system flowing from the source to the customer point of delivery. The result of these studies is the calculation of percentage loss factors by delivery voltage level. System losses cannot be measured directly. However, the system load is a direct measurement of the total energy consumed on the system, and meters at customer delivery points directly measure the sales. The difference between these two measurements is losses. In an AEP loss study, losses are calculated based on load flow and line and transformer characteristics, and then the results are reconciled such that the total losses exactly equal the difference between the system load and the sum of the delivery point loads. Since total system load has not been available for the TCC and TNC operating companies for several years, AEP has been unable to update the loss studies using this method.


C. Transmission Settlements 

AEP’s most critical operational need for hourly system load data has been to perform transmission settlement calculations. A number of wholesale settlements are based on a “load ratio share” in which the load being settled is the numerator and the total system load is the denominator in the ratio. Since the measured system load has not been available for AEP-Texas for several years, so it has been provided by the Load Research group using our Customer Load Aggregation System (CLAS). This system performs a “bottom-up” estimate of system load based on metered monthly usage for smaller customers and interval load data for larger customers. The monthly usage data has been converted to hourly estimates using the load shape models used by ERCOT for market settlement and profiles developed from class load research analysis by AEP. This analysis primarily uses data from the new ERCOT load research sample (LRS). The CLAS uses the same basic load aggregation algorithm defined in the ERCOT Protocols. This model was presented by AEP at the 2002 AEIC Load Research Workshop in Orlando.

D. Unbilled Sales Estimates

The management at AEP wants to know the monthly sales for each customer class as soon as possible after the end of the month. This is a problem, since most meters are read, and customers billed, on a monthly basis. This causes a lag of a month or more before meter data for all usage in a calendar month are available. However, if the total system load is available, an analyst can much more accurately estimate the “unbilled sales” for each customer class by knowing the total sales plus system losses from the system load. 


IV. PROCEDURE

The decision was made to install or obtain access to additional metering such that all tie-line data for TCC and TNC were available from IDRs that could be interrogated on a daily basis by AEP’s MV-90 system. The MV-90 interval data would be validated, and then sent to the AEP Consolidated Energy Accounting System (CEAS), which is the database used to store all generation and tie-line information used in the calculation of system loads for the AEP operating companies. 

A. Meter Installation

Complete meter installations including both an IDR meter, current and potential transformers (CTs and PTs), and remote interrogation capability were required for about 12 interconnect points. About 24 additional points required only a meter, using existing CTs and PTs. The installations were designed to provide accuracy equivalent to that of billing IDRs for large retail and wholesale customer delivery points. For a number of interconnect points, an IDR meter was not available on the AEP end of the tie-line, but was available in the substation at the other end of the line, owned by the connected company. This was done to reduce cost by using existing metering equipment. 


B. Data from ERCOT

The metering system was designed to leverage existing IDRs in south Texas to be used in the calculation of TCC system load. This approach involved gaining access to data from 7 existing meters on interconnect points remote from the TCC system, rather than installing new metering on about 24 additional interconnect points on the TCC system. This approach required obtaining hourly delivery point load data for a number of non-AEP substations, as well as hourly generation data for non-AEP generation in South Texas. This data is used by ERCOT for market settlement, so AEP requested that ERCOT provide this data on a regular basis.
V. PROBLEMS OVERCOME

A. Missing MV-90 Data

All tie-line metering was to be in place, collecting good data by the end of 2004.  However, through 2005 and into 2006, we found that there were numerous gaps in the MV-90 data for a variety of reasons. Because power generally flows in both directions at an interconnect point, it is usually impossible to accurately estimate missing data. To solve this problem, we found that even though many of the meters at interconnect points had been removed or were no longer being verified, our SCADA system was still bringing in analog measurements at those points. We found that near the end of 2004, AEP had installed a database to capture the interval data for many of these points. This data was determined to be of adequate quality, and so it was used to fill most of the gaps in the MV90 data.

B. Unavailability of Data From ERCOT

Unfortunately AEP has been unable to obtain all the necessary data from ERCOT for the non-AEP loads and generators in south Texas. However, after investigating the available SCADA data, it was determined that the SCADA data for the 24 AEP interconnect points without IDR metering was of adequate quality for use in system load calculation. It was also found that there were a number of wholesale delivery points on the TCC system that previously had IDR metering, but had been removed. We found that SCADA data was available to directly measure most of this wholesale load.


C. No Data Available

We found a small percentage of wholesale delivery point loads for which we had neither IDR nor SCADA data. For these points, we estimated the hourly load from either old IDR data or current SCADA load measurements that included the load or were near the load.

D. Location of Meter

There were a number of calculations that had to be adjusted because of the location of the meter. The ideal point to measure a tie-line flow would be at the point on the line where the ownership of the line changes. However, it is normally much more practical to locate the meter at a substation at one end of the line. This is close enough if there is no load along the line. The only error in the measurement is the line losses from the substation the interconnect point. But if there is a load along the line, the location of the meter is critical. If that load should be included in the system load, but is outside the boundary of the tie-line meters, then that load must be separately added in to calculate system load.



VI. LESSONS LEARNED


A. MV-90 vs. SCADA

In the process of using SCADA data to fill in gaps in MV90 data, it was found that the combination of the two sources of data provide very reliable data. The strengths of MV90 and SCADA data collection systems complement one another. 

A weakness of the SCADA system is that it is more subject to system-wide data loss since the data is not stored locally. It depends on the communication system constantly bringing in data. Several events of this type were observed in the 2005 SCADA data, causing a general loss of SCADA data for hours or days. An IDR on the other had stores data locally for a month or more so that if the communication path is lost, the data will be available later. The accuracy of the data coming into MV-90 from interval data recorders was found to be better than the analog values coming in from SCADA. An IDR also has the advantage of being much less expensive than the equipment required for SCADA. SCADA measurements are typically only taken at substation, whereas we have seen an increasing need to measure points away from substations to be used in system load calculation.   

However the data collected by the SCADA system has several advantages over IDR data. First, the SCADA system is designed to bring in data on a real-time basis. IDRs are better suited for retrieving data on a daily, weekly or monthly basis. The SCADA system also is required to have extremely accurate time synchronization. One problem observed in IDRs is the time “drifting” from the correct time. The SCADA system also typically has multiple additional measurements that can be used to estimate and/or validate a data point. For example, if data for a given tie-line coming out of a substation bus is missing, it can be estimated by summing the measurements for all other lines coming into the bus. This technique was used several times to fill in MV-90 gaps where the direct SCADA measurement was also unavailable.

There were several instances of problems with both the MV-90 and SCADA data that could not be identified by comparison of the two values. The values matched, but they were both wrong. Observing a discontinuity in the total calculated load identified these problems.


B. Other System Operation Resources

In addition to the SCADA database, a number of other resources used by system operators were found that were very beneficial in validating tie-line and generation data. Real time SCADA displays were found to be very useful in positively identifying the database point associated with a physical point on the system. They also allowed verification of the flow direction associated with a given measurement. They were also useful in pointing out cases where system maps (one-line diagrams) were out-of-date. Another valuable resource for tie-line data was the system operating log database. This database records events, including the opening and closing of switches, on the transmission system. This was used to verify that flow values equal to zero were correct.
C. “Top-Down” vs. “Bottom-Up” Load Calculation 

One of the main reasons that we need system load in the Load Research department is to validate the results of our customer load aggregation. If a bottom up load calculation and a top down calculation and arrive at close to the same result, that provides additional confidence in load study results. Differences between the two calculations can help identify data problems that must be corrected. Initial results from the TNC system show hourly customer load aggregation matching very closely with hourly system loads.


D. Other Benefits of Accurate System Load

We expect that having accurate hourly data for both system and aggregated customer load will provide additional benefits. We expect to be able to use the results to evaluate the increased accuracy of our load studies from the new load research samples that we have put in place. AEP has been working with the ERCOT UFE task force to identify and correct the sources of UFE in the ERCOT settlement process. These results should provide some valuable input to that group. This will also allow AEP to more accurately model losses on its system.


VII. CONCLUSIONS

It’s very important for an electric utility to be able to accurately calculate system load. Correct system loads provide significant cost reductions. AEP once again has the ability to calculate its ERCOT Texas system load. The analysis of the data in this project show the value of having two independent measurements for validation and backup. It has also shown the value of leveraging data available from multiple sources and the value of graphically displaying data to quickly identify significant errors. This project has also shown the importance of understanding how system load is calculated, and knowing for sure what is and isn’t included in that value. Finally, the way our metering system is designed right now, it depends heavily on other electric companies to make sure all the meters keep working. We will need to either spend additional money for our own meters, or COOPERATE. Let’s work together!

Page 1

