[image: image13.jpg]




2705 West Lake Drive
Taylor, Texas 76574
(512) 248-6800
HTTP://WWW.ERCOT.COM
IDA021 Load Models
Version 0.09
Kawah Lau
Vijayan Poyya

April 6 2007
Table of Contents
3Chapter 1 - Executive Summary


3Chapter 2 - Introduction


3Chapter 3 – Existing Load modeling Issues


3Chapter 4 – Current Issues


3Chapter 5 – Proposed Requirements


3Chapter 6 – Summary of Requirements


3Chapter 7 - Conclusion


3Chapter 8 – Offline Studies using historical data


3Chapter 9 - Current Load Modeling Approach




Chapter 1 - Executive Summary

This whitepaper is written to address a few existing issues with current load modeling in the Zonal system. The topics covered include load hierarchy and distribution, load adaptation, and non-conforming load. Current approaches in load modeling will be discussed first, current issues will then be identified and finally solutions will be proposed for the Nodal system.

A significant portion of load modeling issues identified and solution proposals were from the Network Modeling and Telemetry (NMT) project.

Load rollover has been addressed in a separate whitepaper (IDA007, attached) and is currently under PM review. No additional changes are being proposed in this paper.
Behind the meter load modeling has been addressed in a separate whitepaper (IDA031) and is not covered in this whitepaper.

A number of improvements to load modeling have been proposed and discussed to address the following issues:

· The logic of load adaptation, under some circumstances, can introduce error to initially good load schedules. This in turn introduces inaccuracies in State Estimator and operation planning applications

· The performance of load schedule adaptation could use improvement.

· Non-conforming loads are not modeled properly

· Load schedules do not co-relate to load MW

A set of requirements have been drafted and are conform to the following objectives:

1. Prevent Adaptation Error

2. Improve Adaptation Performance

3. Maintenance Remains Manageable

4. Improve Accuracy of SE

5. Improve Accuracy of Operations Planning Applications (OE, RUC, etc.)

6. Consistency Amongst all Projects

7. Load Schedules (before and after adaptation) Hold Physical Meaning to Operators

The following summarizes the proposed requirements in this paper.

1. Increase granularity of load schedules

2. Separate Hourly Schedule for Each Load (conforming and non-conforming)
3. Improve load adaptation logic

This paper is based on the following prior works:

· “Load Modeling Principles” – A presentation by NMT project, Oct 5 2006 (Vijayan Poyya)

· “NMT Whitepaper on Load Modeling and Adaptation Methodology and Implementation Plan” – A whitepaper by NMT project (Vijayan Poyya)

· “Load Modeling” – whitepaper (Diran Obadina)

Chapter 2 - Introduction
This whitepaper is written to address a few existing issues with current load modeling in the Zonal system, described in Section 4. The topics covered include load hierarchy and distribution, load adaptation, and handling of non-conforming loads. 
A significant portion of load modeling issues identified and solution proposals were from the Network Modeling and Telemetry (NMT) project.

Behind the meter load modeling has been addressed in a separate whitepaper (IDA031) and is not covered in this whitepaper.
Chapter 3 – Existing Load modeling Issues
Issues
A number of issues have been identified in the existing Zonal system:

· The logic of load adaptation, under some circumstances, can introduce error to initially good load schedules. This in turn introduces inaccuracy in State Estimator and operation planning applications
· The performance of load schedule adaptation could use improvement.
· Non-conforming loads are not modeled properly

· Load schedules do not co-relate to load MW
Solution Objectives
To address these issues, some modifications will be proposed in the load modeling approach in Nodal. The proposals were made under the following guidelines:
1. Prevent Adaptation Error
2. Improve Adaptation Performance
3. Data Maintenance Remains Manageable
4. Improve Accuracy of SE

5. Improve Accuracy of Operations Planning Applications (OE, RUC, etc.)

6. Consistency Amongst all Projects

7. Load Schedules (before and after adaptation) Hold Physical Meaning to Operators

Chapter 4 – Current Issues
Current Load Modeling Approach (moved to Chapter 9)
Issues Descriptions
Error Introduced to Initially Good Load Schedule in Load Adaptation

If we examine equations (2) and (4) in the Chapter 9 carefully, we will see that the intent is to keep the sum of all parent fractions the same after adaptation. However, some rules employed in the Areva system for load adaptation may cause some unintended consequence.

For example, assume there are two loads belonging to the same load group (or two load groups belong to the same weather zone) as shown in Figure 1. Their “true” values are 15 MW and 45 MW respectively but their schedules are 15 MW and 30 MW. Furthermore, the latter is unobservable (hence the discrepancy in the schedule). The load adaptation logic is supposed to gradually correct the error while keeping the good schedule intact.

Using current logic, when load 2 is unobservable, the update will be skipped. After a few adaptations (shown in the figure), the observable load (load 1) with initially good schedule starts to pick up error, while there is no correction of the schedule of load 2. 

[image: image1]
Figure 1 – A not too uncommon situation gets worsen by adaptation logic

To avoid this counterintuitive behavior, slight change of adaptation logic will have to be made.
Non-conforming Loads not modeled as Non-conforming

In the current system, a number of loads have been identified as non-conforming, but they are not processed any differently from other load other than their base MW components are non-zero. Non-conforming loads should have their own MW hourly schedules.
Load schedules displayed do not immediately relate to operators

In the current system, operators are not able to recognize errors by simply looking at the load schedules, even with the knowledge of a reasonable MW range for the specific load/station. It does not affect the load distribution due to internal normalization algorithm but is an issue nevertheless.
Chapter 5 – Proposed Requirements
Increase granularity of load schedules 
Current:

 2 day types (weekday, weekend), 24 hour schedule 
Proposal (subjected to change as offline analysis to determine optimal granularity is underway):

4 seasons, 9 day types, and 24 hours (total 864 entries for each load/load area entity).
4 seasons – Spring, Summer, Fall, Winter

9 day types – Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, Sunday, Holiday1, Holiday2

24 hours – Hour Ending 0100 through Hour Ending 2400

The two holiday types may be used to model different holidays. For example, Christmas and New Year may belong to one type, and other holidays belong to the other. An offline study to determine whether some of these seasons and day types can be grouped together is underway. This could possibly reduce the number of hourly schedules for each load to around 200 entries. 
Impact: 

There will not be any database or software changes required. The only change will be in the data. Additional load schedules (MW and MVAR) will be defined for the additional time slots. The required data may be obtained from the current Zonal system.
Given Areva’s implementation of study case, this scheme will cause the size of save case to increase by about 60 MB. The sizing and performance requirements for save case should be within acceptable limit.

Solution Objectives:

Benefits

· Improve Adaptation Performance

· Improve Accuracy of SE

· Improve Accuracy of Ops Planning Apps

Risks

· Data Maintenance Remains Manageable

Hourly Schedules for Each Individual Load (conforming and non-conforming)
Current:
Currently there are approximately 3000 stations and each of them a load group (implemented as load area in Areva system). 
Proposal:
Each load shall be modeled with its own hourly schedule (an approximate total of 4000 loads). Conceptually, each load can be defined as a child directly to a weather zone and having its own hourly schedule. It is acceptable, and may even be unavoidable, that a load group will have to be defined between each load and the weather zone to hold the typical day hourly schedules. If this is the case, each load group may contain only one load and this shall be enforced via the appropriate validation rule.
Non-conforming loads shall be modeled as loads directly belong to a weather zone. Non-conforming loads shall have their own individual schedules just as conforming loads having their own participations. Each non-conforming load may have its schedule adapted or not adapted. This shall be shown on display and shall not be user-modifiable.

Each load shall be modeled as either conforming or non-conforming, but not both (as in the current Areva System). This shall be enforced via data modeling validation rule.


[image: image2]
Figure 2 – Proposed hierarchy

Impact: 

Given Areva’s implementation of study case, this scheme by itself will cause the size of save case to increase by roughly 1/3 (3000 stations to 4000 loads). The sizing and performance requirements for save case should still be acceptable. There will be requirement of additional data validation rule (and possible an additional adaptable flag for non-conforming load, if it is not defined already) in NMMS.
Solution Objectives:

Benefits:
· Prevent Adaptation Error
· Consistency amongst Projects (non-conforming load modeling in Areva is currently different from ABB and Siemens)
Risks:

· Data Maintenance Remains Manageable
Improve load adaptation logic
Current:
Current adaptation method is described in Chapter 9.

Proposal:
To avoid the counterintuitive behavior described in Chapter 4, it is proposed that the adaptation to take into account of only the estimated quantity and parent fraction of the load as opposed to including additional attempt to make the sum of PF constant. The following equation illustrates the proposed adaptation process.
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The adapted parent fractions will go in the hourly time slot for the load. All loads except unobservable ones will be adapted. Adaptation will also include non-telemetered loads.. It is also proposed that the adaptation constant be reduced (from 50, i.e. increase the weight of the new PF, exact value to reduce to would be an outcome of some offline study using historical hourly data). MVAR of loads will be adapted in a similar manner. 

Load adaptation shall be skipped for the load when

· the load is out of service 

· the load is a part of source or receiving load of an implemented rollover
· the load is unobservable

· the load measurement was used as pseudo measurement

· the estimated MW differs from the original PF by more than 100% 
MVAR adaptation shall be skipped when load MW adaptations are skipped for any of the above reasons.

When load adaptation is skipped for any load, an entry shall be generated and appended to a report. ERCOT support engineers will review the report from time to time and address any modeling issues.

Impact:
Load adaptation logic will have to be changed (based on equation (4) and (5), also include non-telemetered load in the adaptation process).  There is also a requirement for additional data validation rule in NMMS.
There will not be any changes required for any downstream applications (EMS, MMS) to support this proposed improvement. 

Solution Objectives:

Benefits:

· Prevent Adaptation Error
· Improve Adaptation Performance

· Improve Accuracy of SE

· Improve Accuracy of Ops Planning Apps

· Load Schedules Holds Physical Meaning to Operators
Risks:

· None
Chapter 6 – Summary of Requirements
1. All loads shall be either conforming or non-conforming, but not both.

2. All non-conforming loads shall be children of weather zone directly and have their own individual schedules.
3. Non-conforming load can be either adaptable or non-adaptable and this shall not be operator modifiable.
4. Each individual load shall have typical day hourly schedules/participation factors for 4 seasons, 9 day types, and 24 hours (granularity subjected to change as a result of ongoing offline analysis). Initial data shall come from the existing Zonal system.
5. Load adaptation logic shall be modified based on equations (5) and (6) (i.e. each load’s Mw value shall be independently adapted).
6. Users shall be able to look at the hourly schedule of any individual load and interpret them as MW values, unreasonable entries will be evident at a glance.
7. Load adaptation shall be skipped for the load when

•
the load is out of service 

•
the load is a part of source or receiving load of an implemented rollover

•
the load is unobservable

•
the load measurement was used as pseudo measurement

•
the estimated MW differs from the original PF by more than 100% 

MVAR adaptation will be skipped when load MW adaptations are skipped for any of the above reasons.

8. When load adaptation is skipped for any load, an entry shall be generated and appended to a report. 

9. The system-wide load adaptation smoothing constant (N in equation (6)) shall be changed from 50 to 10 initially. Subsequent detailed analysis (or trial and errors) may be required to find the optimal value.

10. Detailed design and implementation shall be a joint effort of ERCOT and vendors.

Chapter 7 - Conclusion
The following summarizes the proposal in this paper.

· Increase granularity of load schedules

· Separate Hourly Schedule for Each Load (conforming and non-conforming)
· Improve load adaptation logic

The proposed requirements were made to conform to the following objectives:

1. Prevent Adaptation Error

2. Improve Adaptation Performance

3. Maintenance Remains Manageable

4. Improve Accuracy of SE

5. Improve Accuracy of Operations Planning Applications (OE, RUC, etc.)

6. Consistency Amongst all Projects

7. Load Schedules (before and after adaptation) Hold Physical Meaning to Operators

Chapter 8 – Offline Studies using historical data
In order to quantify the benefit of increasing granularity and modifying the load adaptation methodology, an offline analysis shall be performed by studying historical data. We are assuming the availability of hourly estimated values for all loads. In the case where estimated hourly loads may not be available, a limited analysis will have to be performed which would still give a rough indication of benefit. 
The followings are of interest:

A. How much difference are the load/load group distributions for different seasons, day types and weekday/weekend only.
B. Simulate the new adaptation process and see if there are any drift in load schedules.

C. Ultimately, we would like to get an optimal smoothing factor (we feel that it should be increased from the current 50 (2%), but we could benefit from analysis of historical data)

To set up the individual load schedules, Zonal historical data will be used. For loads that are telemetered, the schedule set up should not be difficult. For loads that are not telemetered, and if estimated values are not available, the telemetered weather zone load (load + loss actually) and the telemetered loads will be used to estimate the schedule of the non-telemetered loads.
Item B may be a challenge also without hourly historical estimated values.
Chapter 9 - Current Load Modeling Approach

Load Distribution and Adaptation

EMS Load Forecast Application creates forecasts for each weather zone, and sums these to create the ERCOT load forecast.  Load distribution starts with the total ERCOT forecast, which then gets distributed to weather zone loads (ERCOT has eight weather zones) 

Bus Load Scheduling function, in real time and in the study mode takes the total ERCOT load subtracts the system loss and distributes the remaining MW to weather zone loads based on the load groups’ distribution factors (parent fractions) and the constant components (base MW), then it takes each load group load, subtracts the loss associated with that group, and distributes the remainder to all loads within the load group based on the loads’ parent fractions and base MW.  


[image: image5]
Figure 3 – Existing Load Hierarchy

Bus Load Scheduling function distributes the weather zone to each load group 
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Where

LGMWi = MW Load of the Load Group i

LGBMWi = Base MW of the Load Group i

WZMW = Forecasted MW of the Weather Zone

WZLPCT = Loss Percentage (in per unit) of the Weather Zone

LGPFj = Parent Fraction of Load Group j

(All quantities are for a specific hour)

Similarly,
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Where

LDMWi = MW Load of the Load i

LDBMWi = Base MW of the Load i

LGMWj = MW Load of the Load Group j, to which Load i belongs

WZLPCT = Loss Percentage (in per unit) of the Weather Zone

LDPFk = Parent Fraction of Load k

(All quantities are for a specific hour)

Currently in ERCOT, 

1. Loss percentages are defined only at ERCOT level.

2. Load Groups are defined the same as stations.

3. Only a few loads have non-zero base MW.

4. For load groups, base MW and parent fractions are typical day hourly values. For loads, there is only one value for each of base MW and parent fractions.

5. Parent fractions of load groups and loads are adaptively updated by State Estimator

6. Only two schedules are defined (weekday and weekend, 24 hour each) for each load group.

In real time, State Estimator initializes the individual bus loads from weather zone level forecasted values as described above, to be overwritten by telemetries for loads that are telemetered. At the end of the SE solution, estimated load values are used to adaptively update the appropriate load schedules (parent fractions) based on the typical day (day type, hour, season). A smoothing constant is applied before the update.
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(1), 
and
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(2)

Where

LGPFadapted – the adapted load group parent fraction for the appropriate season, day type and hour

LGPFold – the existing load group parent fraction for the appropriate season, day type and hour

LGPFnew – the load group parent fraction calculated from estimated values, before adaptation

LGMWest – the SE estimated MW of the load group (sum of estimated load MW within the load group)

LGBMW – the base MW of the load group

LGMWest, j – the SE estimated MW of the load group j (sum of estimated load MW within the load group)

LGBMW j – the base MW of the load group j 

N – a system-wide smoothing constant
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(3), 
and
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(4)

Where

LDPFadapted – the adapted load parent fraction for the appropriate season, day type and hour

LDPFold – the existing load parent fraction for the appropriate season, day type and hour

LDPFnew – the load parent fraction calculated from estimated values, before adaptation

LDMWest – the SE estimated MW of the load

LDBMW – the base MW of the load

LDBMW j – the base MW of the load j

N – a system-wide smoothing constant

Currently in ERCOT,

1. Only telemetered loads are adapted.

2. If the load is used as pseudo measurement, it is not adapted. The load group (station) where the load is in is not adapted.

3. If a load group has more than 25% (tunable) of load unobservable, the load group is not adapted.

4. If a load is offline in a load group, the load group is not adapted, all loads in the load group are not adapted.

5. If the change between new and old PF is greater than 1 (tunable), the load group or load is not adapted.

Non-conforming Load

The Base MW component of the load schedule is currently the existing mechanism to implement non-conforming load. This portion of the load does not adapt and has typical day hourly schedules. ERCOT has only very few non-conforming load identified.
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