Analysis of Load Shape Factors
This write-up is a brief documentation of the methodology, data, assumptions, and preliminary values calculated for Load Shape Factors (LSF) used in long-term load forecasting tool.  Long-term model uses monthly LSF to determine enduse load curves.  LSF measures load from a given enduse at the time of system average, peak and minimum. For each enduse, model is provided three exogenously determined LSF s (Average, Maximum and Minimum).  Using LSF the projected consumption for each enduse is allocated into 12 monthly average, peak and minimum levels.  In the model calibration period, 1985-2004, enduse level load shapes are aggregated across the sectors and calibrated to the exogenously provided system level peak, average and minimum loads. At the moment, enduse load shapes do not distinguish between states, in other words, same load shapes are used for all of the states. 
Methodology 

Following methodology is used in calculating monthly LFS for each enduse:

1. Hourly regional loads for the period 1995-2002 are temperature normalized 
2. For each month, day and hour of system maximum and minimum load is determined. 

3. For each month, enduse load during system maximum and minimum was determined.
4. For each month and each enduse, ratio of maximum load to average annual load, LSF (max), is calculated. 
5. For each month and each enduse, ratio of minimum load to average annual load, LSF (min), is calculated. 

6. For each month and each enduse, ratio of average load to average annual load, LSF(avg), is calculated 
7. Steps 1-6 are repeated using hourly regional loads for 1995-2002.

8. 8 sets of LSF from steps 1-7 are averaged.

9. Different end-uses are combined into categories that can be used by the long-term model. In the assumption section of this report these assumptions are presented.

10. For a number of building types where specific hourly load shapes is not available we assigned load shapes from other building types.  In the assumption section of this report we have presented these assumptions.
Data Sources: 

For this analysis, we stated with the data that had been used in development of Load Shape Forecasting System developed for NWPPC by ICF Resources Incorporated and Barakat & Chamberlin Incorporated (BCI) 1995.  BCI had obtained sectoral and end-use hourly load data from several sources. 
For the residential sector, BCI processed end-use load data obtained from the ELCAP database.  We used the raw hourly data used by BCI.  For commercial sector we used ELCAP data,   Industrial sectors load data was obtained from Bonneville Power Administration, PacifiCorp and Puget power.  Hourly load data for irrigation was provided by the Benton County Public Utility District.  In addition to the data that was obtained by BCI for the 1995 analysis, we obtained more recent, 2005, hourly data for Direct Service industries from Bonneville Power Administration.  We augmented ELCAP study data with and a more recent study from California and have selected a subset of load shapes from each study, see assumption section below.  A brief write-up on each data source is provided in the appendix section of this write-up.  
Assumptions:
Residential sector

Load forecasts are produced for residential sector considers 3 building types, Single, multi-family and manufactured homes. However ELCAP data only provided information on single family houses.   We assumed that pattern of usage does not vary by residential building type. Another growing enduse in the residential sector is the general category of consumer electronics (we have labeled this category of end-uses as Entertainment). This enduse includes (TV, DVD, VCR, Computers, desk and laptop, peripheral equipment i.e. routers).  Load forecasting model projects annual consumption for this category of enduse, and we have assumed that pattern of usage for this enduse is same as pattern of usage for TVs.  Pattern of usage for TVs was from the report “Pacific Gas and Electric Company Emerging Technologies Program

Application Assessment Report #0513 Consumer Electronics: Market Trends, Energy Consumption, and Program Recommendations 2005-2010.  This report can be found at 

http://www.etcc-ca.com/database/download/ETCC_Report_370.pdf
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At the moment, I am using load profile for TVs to represent the consumer electronics enduse.  I have obtained hourly load profile from CEC for TV. See the following graph for a typical day profile. 
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Commercial Sector Assumptions:
For commercial building enduse profiles we used both ELCAP and The California Commercial End-Use Survey (CEUS) databases.  There is a richer dataset of enduse profiles is available, than can be incorporated into our long-term model.  So we had to make a few aggregation assumptions.  Long-term model has the following categories of enduse for the commercial sector. 

1. Space Heating

2. Refrigeration

3. Lighting 

4. Water Heating

5. Air conditioning ( cooling plus ventilation)

6. Other Substitutable end-uses where other fuels can be substituted for electricity (cooking)

7. Other Non-Substitutable end-uses where only electricity can be used such as ( Motors for elevators, air compressors, office equipment etc) 

We do not have hourly load shapes for all the commercial building that are modeled in the long-term model.   We have made a few assumptions about which building profile to use for the building without hourly profiles.   The table below shows which data set was used for which building type. 
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EC ( Mainly Cooking) See *

Large Office ELCAP- Large Office ELCAP- Large Office ELCAP- Large Office ELCAP- Large Office ELCAP- Large Office ELCAP- Large Office CEC *

Medium Office ELCAP- Office ELCAP- Office ELCAP- Office ELCAP- Office ELCAP- Office ELCAP- Office CEC *

Small Office ELCAP- SmallOffice ELCAP- SmallOffice ELCAP- SmallOffice ELCAP- SmallOffice ELCAP- SmallOffice ELCAP- SmallOffice CEC *

Big Box-Retail ELCAP-Large Retail ELCAP-Large Retail ELCAP-Large Retail ELCAP-Large Retail ELCAP-Large Retail ELCAP-Large Retail CEC *

Small Box-Retail ELCAP-Retail ELCAP-Retail ELCAP-Retail ELCAP-Retail ELCAP-Retail ELCAP-Retail CEC *

High End-Retail ELCAP-Retail ELCAP-Retail ELCAP-Retail ELCAP-Retail ELCAP-Retail ELCAP-Retail CEC *

Anchor-Retail ELCAP-Retail ELCAP-Retail ELCAP-Retail ELCAP-Retail ELCAP-Retail ELCAP-Retail CEC *

K-12 ELCAP-School ELCAP-School ELCAP-School ELCAP-School ELCAP-School ELCAP-School CEC *

University ELCAP-School CEC-College CEC-College CEC-College ELCAP-School CEC-College CEC *

Warehouse CEC-Non-ref. Warehouse CEC-Non-ref. Warehouse CEC-Non-ref. Warehouse CEC-Non-ref. Warehouse CEC-Non-ref. Warehouse CEC-Non-ref. Warehouse CEC *

Supermarket ELCAP- Food Stores ELCAP- Food Stores ELCAP- Food Stores ELCAP- Food Stores ELCAP- Food Stores ELCAP- Food Stores CEC *

MiniMart ELCAP- Food Stores ELCAP- Food Stores ELCAP- Food Stores ELCAP- Food Stores ELCAP- Food Stores ELCAP- Food Stores CEC *

Restaurant ELCAP- Restaurant ELCAP- Restaurant ELCAP- Restaurant ELCAP- Restaurant ELCAP- Restaurant ELCAP- Restaurant CEC *

Lodging ELCAP- Lodging ELCAP- Lodging ELCAP- Lodging ELCAP- Lodging ELCAP- Lodging ELCAP- Lodging CEC *

Hospital ELCAP-Hospital ELCAP-Hospital ELCAP-Hospital ELCAP-Hospital ELCAP-Hospital ELCAP-Hospital CEC *

OtherHealth ELCAP-Other Health ELCAP-Other Health ELCAP-Other Health ELCAP-Other Health ELCAP-Other Health ELCAP-Other Health CEC *

Assembly ELCAP- Commercial ELCAP- Commercial ELCAP- Commercial ELCAP- Commercial ELCAP- Commercial ELCAP- Commercial CEC *

Other ELCAP- Commercial ELCAP- Commercial ELCAP-Other ELCAP- Commercial ELCAP- Commercial ELCAP-Other CEC *

*-  Misc. equipment is sum of following enduses (Air Compressor, motors, misc .  Process equipment, and office equipment) 


Industrial sector load shapes:

From the ELCAP study we have load shapes for major industries in the Northwest:

 Food Products SIC 20 Lumber and Wood products SIC 24, Paper Products SIC 26, Chemical Products 28, Petroleum Refining SIC 29, Metals SIC 33, Transportation SIC 37 and DSI (aluminum), other industries and total industrial.  For the missing industries we are using the other industries.  Ideally we would need load profiles for each industrial category, particularly electronic industries (i.e. Intel).  
Preliminary Results

The following, rather long set of tables show current values we have provided to the long-term model.
Appendix

Brief Background on ELCAP and CEUS

End-use Load and Consumer Assessment Program (ELCAP) Data is rather vintage data going back to late 1980s; it was prepared for BPA by Pacific Northwest Lab.  During 1984 through 1988 close to 100 commercial buildings were enduse metered. Although ELCAP data base is based on observations from an small number of commercial building, to our knowledge, it is the only significant, consistent regional source of enduse load shapes.  We obtained ELCAP data from Mr. Matei Perussi from consulting firm of Quantec LLC.  
For commercial sectors a more recent load shape database was produced for California Energy Commissions.  The following extract, from the final report of this project, describes. 

“The California Commercial End-Use Survey (CEUS) is a comprehensive study of commercial sector energy use, primarily designed to support the state’s energy demand forecasting activities. Itron performed the survey under contract to the California Energy Commission. The survey captures detailed building systems data, building geometry, electricity and gas usage, thermal shell characteristics, equipment inventories, operating schedules, and other commercial building characteristics.

A stratified random sample of 2,800 commercial facilities was targeted from the service areas of Pacific Gas & Electric, San Diego Gas and Electric, Southern California Edison, Southern California Gas Company and the Sacramento Municipal Utility District. The primary sampling unit was the premise, defined as a single commercial enterprise operating at a contiguous location. The sample was stratified by utility service area, climate region, building type, and energy consumption level.

Specialized software developed for the CEUS project generates energy simulation models automatically from the on-site survey data. Simulated energy use for each survey participant was calibrated to actual historical energy consumption from utility billing records. The software creates end-use load profiles and electricity and natural gas consumption estimates by end-use for user-defined commercial market segments. Its capabilities allow evaluation of energy efficiency measure installation, energy rate schedules, weather parameters, and many other scenarios against baseline usage patterns or conditions.”
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