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Overview


Miscellaneous energy loads in commercial buildings (CMELs) are generally defined as all energy uses that are not one of the traditional end-uses: heating, ventilation, cooling, water heating, and lighting (McKenney et al. 2009). In addition, all plug loads are often included in CMELs. In order to meet DOE’s long term goals for zero-energy commercial buildings, it is important to better understand and reduce the energy use of CMELs. Before rigorous data on CMELs can be gathered in a wide variety of commercial buildings, we first must develop and test reliable methods for collecting these data.  Therefore, this FY10 CMELs action plan will mainly focus on a proof-of-concept demonstration of methodology and technology for the selection, metering, monitoring, collection and analysis of MELs usage in Commercial Buildings. This action plan will be jointly conducted by four national labs: LBNL, NREL, ORNL, and PNNL. In future years, more definitive assessments of CMELs will be performed once these methodologies have been tested and preliminary data has been gathered.

The primary research goals for this action plan include:

1. Developing a taxonomy for CMELs that is dictated by a clear definition of these loads,

2. Developing and field-testing methodologies for metering, monitoring and analyzing CMELs,

3. Using this field experience to prepare a final report documenting our research findings, and informing a multi-year research plan to characterize and reduce CMELs energy use.

Since FY10 is a year for proof of concept demonstration for metering, monitoring and analyzing CMELs, the sample of buildings monitored this year will be relatively modest but will be chosen to represent the building types above as best as possible. 

For logistical, budget and practical reasons (e.g., experimenting with different metering equipment and techniques, tuning of the metering plan, etc.), the labs will select buildings either on their campuses or nearby.   Where possible, the CMELs data collection effort will be coordinated with data collection being conducted for related projects such as DOE’s Commercial Building Partnership projects or facilities work going on at the labs.

The goal is to collect field data at the device level on actual energy use patterns of CMELs. The data will be collected so that the resulting data can be pooled for aggregated analysis. This will be achieved through use of a common data dictionary for data reporting, and use of sensors and collection protocols that yield “compatible” data. The results of this research will be documented in a single report prepared jointly by the four labs.

Research Plan

1. Develop Standard CMELs Device Attribute Data Collection Categories

The team will collect device attribute data during CMEL inventories of the sites to be monitored. Understanding the types and numbers of devices used in a particular building or space type is an important outcome of this study, and it will guide the choice of devices to be metered. In order to inform a broad picture of the CMELs environment, the device attribute data collected by each lab needs to be compatible and consistent. The CMELs team generated and will maintain a common set of taxonomies for the CMELs metering project to ensure consistent use of terms and categories. Taxonomies have been developed based on past studies or borrowed with minimal changes from other sources. The key taxonomies are for building or space types and CMELs devices.  

Device attribute data is information that identifies the device type, energy related characteristics, and location of use. This information will assist researchers in understanding both typical device behavior and behavior in secondary usage scenarios. This is important to understanding energy use of devices because two identical devices may have different energy consumption based on usage. For example, a small refrigerator used in a laboratory will see different usage than one used in an office. The following device attribute data fields will be collected as part of the CMELs inventory, and these data fields are consistent with the taxonomies developed. 

· Location, building

· Location, room

· Location, building type

· Location, space type

· End use

· Category

· Product type

· Manufacturer

· Model number

· Power connection type (hardwired, plug, external supply, etc.)

· External supply voltage

· Maximum external supply current

· Name plate max power 

· Mains voltage

· Portable

· Owner/department

· Year of manufacture

· Typical usage (unplugged when not in use, always on, etc.)

· Notes

The CMELs team is utilizing the taxonomy for building types and space types from CBECS 2003 (with slight modifications made to help ease field data collection). The team will collect data on the location of the MELs being monitored, and this taxonomy will ensure a consistent labeling of building and space types.  It is important to collect MELs data across a range of building types, and the major categories in use for this study are:

· Education

· Food sales and service

· Health and medical care 

· Lodging 

· Mercantile (retail other than mall)

· Mercantile (enclosed and strip mall) and “big box” retail

· Office

· Public assembly and religious assembly

· Public order and safety

· Service

· Warehouse and storage

· Other

Collection from a broad selection of building types will increase the likelihood of observing and metering building type specific MELs, encountering specialized access problems, and being better prepared for future metering studies covering a larger number of buildings. There is significant value in using the building taxonomy used by CBECS because it is the comprehensive survey of commercial building energy use. When CMEL intensities for a building type are developed based on the metering study, they can be multiplied with CBECS building data to generate estimates of total CMELs energy use in a particular building type. If an incompatible categorization of building types were used, the survey would not be directly usable for estimating total CMELs loads. Some categories have been combined and some subcategories have been moved or added from the original CBECS categories, but all subcategories are maintained to ensure compatibility. These changes were made to ease field use by making categories more consistent and less diverse. The building types and space types use the same categories and only differ in what is being categorized. The building type denotes the primary purpose of the entire buildings, while the space type denotes the function of a specific space inside of a building. 

The CMELs device taxonomy is based on the taxonomy developed by Nordman and Sanchez (2006) of miscellaneous and electronic devices for a California Energy Commission study. We supplemented this taxonomy by referencing other existing taxonomies (Energy Star product categories and California Energy Commission appliances list), with personal observations, and by surveying the following retailers: Best Buy (www.bestbuy.com), Walmart (www.walmart.com), McMaster-Carr (www.mcmaster.com), and Newark (www.newark.com). The CMELs team recognizes that there are CMELs that may be common in one building type and exceedingly rare in any other. Examples include photo processing equipment and automobile service equipment in large retail stores and medical devices in health care facilities. The taxonomy must include this broad set of devices to be complete.

The initial device and building or space type taxonomies are included as an attachment to this action plan.  These taxonomies will be updated based on this year’s field experience, and the updated versions will be included in the final report.

2. Identify Candidate Monitoring Sites

The CMELs team will select a broad set of buildings for CMELs metering in order to better explore the opportunities and challenges with collecting device-level energy data in the field. For logistical, budget and practical reasons, the team will select buildings either on the individual lab campuses or nearby.   The selected building types will be evaluated relative to “average” buildings in their category using CBECS data or other relevant information.  Particular building types will have MELs that are common in that building but rare in other categories, and these MELs may have specialized metering techniques required because of access problems, unique load profiles, or safety issues. It is important to sample a broad range of the available commercial buildings especially in buildings that are expected to have special MELs metering issues. The following table lists the identified building types and associated information regarding this year’s metering plan. The team will meter this year in over half of the building categories identified, and an important outcome of this work is an exploration of the research issues identified in the table. 

	Building Type
	Description
	Research Issues
	Lab

	Education
	
	
	-

	Food sales and service
	PNNL EMSL Cafeteria. 3,000 sq. ft.; Walmart Superstores. 155,000 sq. ft.
	Food service specific/kitchen MELs, safety, access issues.
	PNNL, NREL

	Health and medical care
	Stanford Medical Center. 750,000 sq ft inpatient and outpatient facility.
	Safety, access restrictions. Medical specific MELs, transient MELs.
	LBNL

	Lodging
	PNNL User Housing Facility. 2 story motel/dormitory. 30,000 sq ft.
	Transient MELs, meter security. 
	PNNL

	Mercantile (other than mall)
	
	
	-

	Mercantile (enclosed and strip mall and big box)
	Walmart Superstores. 155,000 sq. ft. 
	Mercantile specific MELs with unknown access and meter security issues.
	NREL

	Office
	LBNL Building 90. 60,000 sq. ft. office building
	Deployment of hundreds of wireless meters. Many space types.
	LBNL

	Public and religious assembly
	Central Baptist Church campus buildings
	Covers assembly, education. Reconfigurable spaces, transient MELs.
	ORNL

	Public order and safety
	
	
	-

	Service
	
	
	-

	Warehouse and storage
	PNNL Technical Support Warehouse. 3,600 sq. ft. 
	Warehouse specific MELs.
	PNNL


Although not all building types will be metered, the team expects to encounter the vast majority of the metering and fieldwork issues in the selected building types. For example, education and public safety buildings may have some type-specific MELs, but most MELs will be found in the other building types at different densities. The service category is partially represented by the mercantile building selected, and the access, safety, and security issues are expected to be similar. The assembly buildings have education spaces that will provide information on the education building type. Although we do not have the resources this year, future research should be conducted to address the building types not metered this year. Those building types may have unique MELs densities as well as MELs that are not seen in other building types. Formal or informal agreements with the tenants and building operators will need to be completed in these buildings before fieldwork can begin.

The following section contains a detailed description of the buildings to be metered.

· Food Sales and Service. The Bistro at the Environmental Molecular Sciences Laboratory (EMSL) at PNNL is a good candidate for monitoring a food service space.  The Bistro is approximately 3,000 sf and was built as a tenant space within EMSL in 1997.  The average food service building in CBECs is 5,600 square feet and operates at an EUI of 258 kBtu/sf. The Bistro is open for breakfast and lunch (6:30am-2pm).  The maximum occupancy for seating is 75 people and 3 people are on staff.  There are sub metering efforts underway in the office and laboratory spaces at EMSL, and metering of the food service space would likely be highly supported by the PNNL building management team.  The space is owned by DOE but leased to a catering business.  NDAs should not be required, but access will have to be granted by the catering business.  The Denver-area Walmart superstores described below also contain food sales and service areas, which will be included in this study.

· Health and Medical Care. The Stanford Medical Center (SMC) is a combined inpatient and outpatient care building on the Stanford University campus about 50 miles from LBNL. SMC is a five-floor facility that consists of a children’s hospital, general inpatient hospital, emergency department, outpatient clinic, laboratory services and a small portion of the administration. This facility has special restrictions on data collection and monitoring that will need to be addressed during the study. The primary restriction is that the first year of data will be collected on equipment that is not providing real patient diagnostic or therapeutic care. To acquire data on this type of equipment, the Stanford Hospital training facilities will be metered.  Doctors and nurses are required to conduct proficiency exercises of standard procedures and patient interactions with a mix of live actors and simulation dummies in either a functionally identical hospital room or surgical suite. The procedures and equipment are identical to those used in real care situations, but the safety requirements set out by the hospital will enable us to meter critical equipment that we would otherwise be unable to meter. Equipment in care areas of the hospital such as nurses’ stations, laboratories and equipment charging stations will be metered as part of this study because these equipment types are not touching the patient during metering. The data collected will be free for public release, but the name of the hospital will be withheld unless requested by the hospital administration. This year’s field work in the hospital environment must be very conservative to ensure that we successfully collect data, do not interfere with hospital operations, and build a reputation for successful work in the healthcare environment. This experience and reputation will enable larger studies in the future. 

· Lodging. The User Housing Facility (UHF) is a 2-story motel-dormitory style building with 81 private rooms with a variety of amenities on the PNNL campus.  The UHF was built in 2001, is 29,108 square feet, and is currently performing at an energy use intensity (EUI) of 40 kBtu/sf.  The average lodging building in CBECs is 35,800 square feet and operates at an EUI of 100 kBtu/sf. The facility is owned and managed privately but access is not expected to be a roadblock and NDAs are not expected to be required.  PNNL will leverage the experience through the Commercial Building Partnerships (CBP) metering activities at a large high-rise hotel in Washington DC.  Data collection at the Crown Plaza is on-going and there are opportunities to learn from those activities and deploy an alternate monitoring strategy at the UHF facility where occupant engagement is more likely.  Given that the transient CMELs in lodging facilities cause uncertainty when using typical data collection protocols, metering the nearby UHF facility is a tremendous opportunity for testing different concepts.  Because the occupants generally are researchers, their engagement in the processes is more likely and potential disruption of the monitoring equipment is lower than in a purely commercial establishment.  
·  Mercantile (enclosed and strip mall and big box). Two Walmart Superstores near NREL are being evaluated for CMELs metering, and one will be selected for this study. These buildings are a combination of traditional “big box” retail with food sales and service space types. These buildings are part of a broader NREL energy monitoring study which includes lighting and daylighting, PV, refrigeration, HVAC, and some CMELs at the circuit meter level. The focus in this study is to study the CMELs portion in greater depth through device level metering. The stores are approximately 150,000 sq. ft on a single floor. The stores includes an extensive retail area, grocery, a pharmacy, a photo center (including 1-hour service), a vision center, tires sales and service, floral, garden center, and an electronics department.  The retail sections include apparel, shoes, accessories, books, furniture, health & beauty, home and office, jewelry, movies, music and video games, outdoor, sport and fitness, pets, and toys.  The grocery section includes a bakery/deli, frozen foods and desserts, meat and seafood, produce, and dairy.  Across from the sales area, but in the same structure, are additional independent shops including Medical Clinics, a Subway store, McDonald’s, and a Vision center. 

· Office. Building 90 on the LBNL campus is a 1960’s era facility of roughly 60,000 sq ft on four floors, and it is largely traditional office space.  This building will be used to test the deployment, maintenance and use of several hundred wireless MELs meters simultaneously while also providing a representative measurement of a typical office building. Researchers recently commissioned an energy information system (EIS) for this building, which integrates data from newly-installed gas and electricity submeters, wireless temperature sensors, and a legacy EMCS. Data from this EIS will prove useful for sum-checking, and the EIS itself could potentially be used as a tool for analysis of MELs data. The building has a variety of individual offices, cube farms, conference rooms, small kitchens or break rooms, server closets, network equipment, and a computer education facility. There are roughly 350 regular occupants in the building.  MELs monitoring in building 90 will be relatively free of restrictions, and the team expects to deploy meters in stages to cover significant portions of the building. We do not require NDAs, and are not expecting major logistical hurdles. All data collected will be available publically. 
· Public and religious assembly.  Central Baptist Church is has a total of six major buildings located on 6.28 acre campus.  The buildings were constructed from 1924 to 1985. The buildings serve a variety of functions including a sanctuary, classrooms, ministry center, day care facility, and exercise facility.  There are several types of CMELS in the different facilities. ORNL will provide submetering to capture information on the different types.  Some of the CMELS are used on a daily basis, such as in the office spaces, while others are used on a more transient basis, such as in the sanctuary.  The day care facility will not be included in this study due to the presence of small children that may tamper with the instrumentation.

· Warehouse and storage. The Technical Support Warehouse supports all of the shipping and receiving activities for the PNNL campus as well as equipment excess and redistribution functions.  This 1960s, 1 story, 3,635 square feet facility operates on a standard 40 hour weekly schedule and houses an estimated 4 employees.  The average warehouse building in CBECs is 16,900 square feet and operates at an EUI of 45 kBtu/sf. The building is owned by Battelle and operated by PNNL.  Access should be easy and NDAs should not be required.  Monitoring of this space should be relatively straightforward and representative of small non-refrigerated warehouse spaces. 
· Additional buildings. The CMELs team is actively pursuing additional metering locations either for this year’s study or for use in follow on studies. The buildings listed above have a very high probability of being successfully used in this year’s study, and these additional buildings are likely to be used next year. Additional buildings are being pursued through existing partnerships in the commercial buildings partnerships, the hospital energy alliance, and similar programs. At this point, the CMELs team is discussing CMELs metering with a JC Penny’s store, a Whole Foods Market, and the Oakland Kaiser Medical Center.
3. Inventory all CMELs in the building space
A key element of the CMELs study is a complete inventory of CMELs in the monitored buildings. The laboratory teams will utilize the CMELs definition and taxonomy developed in section 1 to identify the likely CMELs in each space type, and attribute information (also listed in section 1) will be recorded for each type of CMEL. Strategies for evaluating occupancy during the metering activities will also be explored.  This will likely be a combination of metering and occupant reported patterns.  
The process for collecting inventory data and deploying meters will generally be as follows:

· Conduct a general interview, as early in the project as possible, with a person knowledgeable about building operations to determine basic usage patterns and occupancy.

· Conduct a brief survey of building contents for a general picture of MELs types, locations and associated sub-metering areas. In buildings where CMELs are being sampled, the sampling strategy will be based on this walkthrough.

· Inform occupants in advance of intention to meter space, and meet with individuals as needed.

· Provide notification via flyer, email and walk through on the day of metering to shut down all equipment for the night (where possible).

· Deploy meters after work hours and do a detailed inventory of MELs in areas where meters are deployed. The inventory will be informed by early walkthroughs to ensure laptops or other transient equipment are not missed.

· Complete inventory for remainder of building if possible.

Sampling: Strategies for choosing the number of each CMEL and their representation of the entire population in the building will be explored.  Monitoring every CMEL in some of the buildings for this study may be possible, but a census of devices in large buildings would prove impractical. Therefore, a method for choosing a representative sample is something we will explore this year.

4. Collect Time Series Data

The CMELs team will collect time series energy data for a large number of individual devices in several different building and space types. This metering differs from panel or circuit level metering in that the load profile of individual devices (task lights, printers, network  switches, etc) will be measured (while comparison to circuit-level energy information may provide a useful cross-check of the sum of many individual meter outputs). Although device-level CMELs data has been collected in the past, this study focuses on collecting a large number of points in the same building (hundreds instead of tens of data points) and metering for long periods of time (months instead of weeks). The techniques and technologies required for this study are different and require research to develop and demonstrate. The team will collect at a minimum integrated energy (W∙hr). When possible, the team will collect the following time series data.  

· Integrated energy (W∙hr)

· Line voltage (VRMS)

· Real power (W)

· Power factor (Unitless)

The data that are recorded will be stored in a consistent and compatible format, to allow pooled analysis with the data collected at other sites.

The meters will collect these data at regular intervals to be determined by the lab team based on research needs and equipment capability. Additional time series information may be collected in the field in some or all of the buildings studied, and this decision will be based on the building operator’s preference, the availability of monitoring devices, and the judgment of the lab team collecting data at that site. Occupancy data is of particular interest, and the team is investigating occupancy sensors. Panel level power measurements will be included in buildings that are submetered, and the time series data collected may be of a different form than for device level metering (different sample rate, measured quantities, etc.). Because some of these meters were installed in other studies, the CMELs team will work with the data as it is available rather than attempting a standardized data format.  

The metering technologies will be selected individually by each lab team. During this proof-of-concept study year, the lab teams will use a diverse set of metering technologies so that the best system for future studies can be identified. Metering hundreds of points simultaneously in a time synchronized fashion is a complex task. The CMELs team will be using both data logging meters with internal memory and networked meters that report over either wired or wireless network links. Data logging meters are more widely available and known to be reliable, and these devices will serve a primary role in some building sites. All the lab teams plan to use some data logging meters for cases when other technologies either are unreliable or too difficult or costly to implement. The primary limitation of data logging meters is finite internal memory, which limits the length of the metering period and/or the sample frequency. With over one hundred meters in a building, attending to each meter to download data will be time consuming, but data logging technology is reliable and available commercially. Meters with wired data collection network connections avoid the problem of manual data download, but the wired network may need to be installed for this purpose alone. This will increase cost or simply be impossible given the building operator’s preferences. Wireless data collection is very attractive, but integrated devices are unavailable commercially at this time. Wireless technologies are unproven, require a significant research effort, and may ultimately create more work (and therefore expense) than their data logging counterparts. This study year intends to vet each of these technologies, and a detailed technology evaluation will be included in the final report.

The accuracy of available metering technologies needs to be studied as part of this year’s work. It is known that some meters are less accurate at the small loads presented by many MELs, and researchers will evaluate all metering technologies at both small and large loads to determine accuracy limitations. An example meter validation plan is attached, and a functionally similar plan will be used to ensure that meter accuracy is well characterized at each of the sites.
In some locations, the metering will be more complicated due to safety requirements, unknown and transient energy users, and hardwired connections. Metering is planned in a hospital, and the safety and logistical requirements of this metering will impact both meter selection and procedure. It seems likely that wireless meters will not be permitted in the patient care areas of the hospital, and data logging meters will be used. Researchers will need to attend to the meters regularly to do safety evaluations and respond to hospital concerns. Metering in the lodging site may require concealed metering technology because the users will be room guests that cannot be reasonably expected to utilize and not tamper with exposed metering technologies. It will be difficult to know the types of devices being measured, and research is required to understand this problem. In a retail site, the building operators are concerned with the appearance and fit of the devices into the existing retail environment. Researchers will need to explore methods for deploying the required meters where access is difficult. Each site is expected to present its own challenges for meter deployment, servicing, and use, and the final report will include details of the lessons learned during deployment and metering servicing. 
The CMELs team is interested in exploring other metering and data collection technologies such as non-invasive current or run-time measurement, as well as space occupancy. Measuring the device current with a clamp on current meter enables the device to remain powered but still observe the power mode of the device. Coupled with traditional metering of an identical device (i.e., using very short-term measurements in a controlled setting), the actual power consumption can be determined by correlating line current with power consumption (considering the impact of power factors < 1).  In previous studies (e.g., Pigg and Bensch 2009), space occupancy was correlated with device energy use to identify interesting human interactions with devices in homes. The CMELs team believes that the correlation between occupancy and energy use will provide similarly interesting results in commercial buildings. Non-invasive current and occupancy sensor technologies suitable for large-scale deployment have not been identified and are a secondary priority for this year of study. As resources permit, the team will explore these technologies for use in the field. 

The team plans to install more than 100 meters for monitoring periods exceeding two months in each site except for the hospital. Ideally, these meters will be left in place for longer term monitoring past the end of FY2010 if continued funding permits. Based on initial interaction with building operators and evaluation of budgets for metering technology, the scope of this metering effort seems aggressive but achievable. Some sites, however, may have as many as 500 meters installed and operating at the same time, and researchers will push for this scale of metering in order to fully expose the challenges of large scale metering studies. In the case of the storage building, the team expects to monitor every MEL in the building. In buildings that are either larger or have large MEL densities, only a portion of the MELs can be metered. The team will use different strategies for selecting which MELs to meter in order to investigate sampling options. One strategy is to meter every device on in a particular area while another is to meter every device of several particular types. Each strategy has valuable outcomes the team plans to evaluate. The hospital environment will have a much smaller scale metering effort with 50-100 total points and some points metered for only 1-2 weeks at a time. Device level metering in a hospital has never been performed, and it is critical that the team establish a reputation for metering without interfering with hospital operations or patient care. Significant effort is required to understand the rules, regulations, and procedures for effectively working in a hospital to do device level energy monitoring. The focus of this year is to understand and establish these rules and procedures while also building experience in hospitals to enable a larger scale study in the coming years. A primary concern of hospital management is that the team and metering equipment has not been proven in another hospital study, and it is therefore important to be successful at a small scale to enable the large studies that are of particular interest.  
The primary device level meters planned for use are the WattsUp? devices available from Electronic Education Devices (EED) and research grade wireless AC power meters (ACmes, acme.eecs.berkeley.edu) developed by the University of California, Berkeley. EED sells a data logging device similar to an extension cord that is capable of measuring the required data at 5s intervals for a week. Longer intervals, or fewer channels, can be used to extend data collection time. EED also sells a device capable of using a wired Ethernet connection for data collection. This device can have a wireless LAN (WiFi) adapter added for wireless data collection, although this configuration is custom and not supported by the vendor. The ACMe devices form a wireless mesh network to relay data back to a base station for storage, and the devices are similar in size to a typical AC-DC adaptor. These devices are less expensive per unit than the devices from EED and provide automated data collection, but they require additional safety evaluation and are unproven in large-scale field studies. Some space types (e.g. lodging) benefit from concealed metering, and an ideal technology has not been identified for this task. Meter selection requires an understanding of the needs of the space, the equipment to be metered, the required accuracy, and meter costs. Therefore, the team expects to have final meter selections only after a thorough evaluation of each space, and this selection will be coordinated across the team to ensure high quality metering is performed while also using a variety of technologies.  Clamp on current sensors to measure time in mode, low cost circuit level meters (e.g. TED 5000), and other sensors will be considered as secondary sensors for this and future studies. 

In some cases metering will also take place at the circuit level to measure the cumulative end uses and relate the CMELs to the total load of the space.  Circuit level metering will enable the team to fully resolve all electric loads in the space where CMELs are being monitored.
5. Develop common database 

The CMELs team is developing a data dictionary that defines the table entries in the database for data sharing between the labs jointly conducting this study. Data dictionaries will be developed for both measured, time series data (power, voltage, occupancy, temperature, etc) and device attribute data (product type, manufacturer, location, etc).  The data dictionary is under development and will be finalized in February 2010. 

Each lab will initially store the raw metering data in their own data collection database, which will be uploaded weekly in a common data format to a common database maintained at PNNL or NREL. The common database will implement the data dictionary defined above, and will use the MySql relational database system. The entire CMELs team will have complete access to the common database to ensure that all of the data is available for analysis to the entire team. Local data stores will be backed up according to each lab’s standard policies, and the common database will be backed up according to procedures used at the lab that hosts the database. The local database will store data in a format suitable for the specific data that is being collected, and each lab will ensure this local data can be uploaded to the common database in the correct format. 
The storage strategy and database type will be finalized with the data acquisition process, and the database structure developed by the team during sensor selection and completed during sensor deployment.  The general structure will have a structure similar to the description below.
The database will employ multiple tables that will link to unique identifiers of building ID, location, and metering point.  Some of these will be filled out during set up of the monitoring system while others will be the primary location for incoming measurements.  

· Building– Fields will describe the type, location, size, and national lab responsible for the metering.

· End Use – Fields will describe the space type, end use type, connection type, and all nameplate information related to that end use (e.g. model name, model year, connection type, supply voltage).

· Occupancy – Fields will describe if space is occupied, collection source (e.g. self reported, observed, measured, or estimated), occupant type, and other characteristics key to assessing the CMELs.

· Meters - Fields will describe the metering device and the features relating to scaling and verification. This table will also be the location for defining each input stream from each meter, with appropriate units.

· Metered Data – Fields will store the raw inputs as well as values calculated by the meters and a designation for values that appear to be in error. 

· Calculated Data – Fields will store values calculated in the post-data collection phase that are intrinsic to the analysis.

6. Analyze and report data

The goal of the software package is to analyze and report power levels and times in each power mode, as well as power load profiles on a device by device basis.  To ensure interoperability and to facilitate the study of the exchanged data across labs, a fundamental requirement is that the software needs to work on data sets and formats agreed upon and common across all labs involved with the study.  Also, given the high volume of collected data, the analysis software should automate as much as possible those functions like flagging missing or corrupt data, file manipulations, etc. 
At a minimum, the analysis software will enable a summation of the energy consumption, load profiles, percent on time, occupancy level, and categorization of various power modes for each CMEL.   An important part of the analysis will be the determination of time in mode for each device, and the team will consider if it is possible to categorize the load profiles into a common set of modes such as “on”, “off”, and “sleep/standby.” Although many devices will have more than simply three power consumption levels, it seems likely that a more detailed categorization will be very difficult to apply broadly. As field data is collected, the team will analyze power traces to determine if devices have power levels that can be categorized and which categorization is best suited to the task. The analysis software outputs from individual devices will be aggregated to provide information on device type, device category, space type, etc., in conjunction with occupancy and/or environmental data when available.  The software that will be used to analyze the stored data will need to be flexible, robust, and easily extensible.  The minimum requirements for the software package are to provide capability of energy consumption analysis, time series load profiles, power load profiles in each power mode, and various aggregation and data analysis capabilities.  

Because of the nature of the data acquisition environment (sensor failures, connection and data communication issues, etc.), the software should be able to deal with missing or corrupt data by recognizing and flagging such data. 

The default output views will show time series of Hourly Load Profiles by Month to be used for additional quality checks and reporting during the data collection phase.  Default output views will also be designed to support future research efforts focusing on identification of the magnitude of MELs energy consumption, energy efficiency opportunities, trending analysis, and control strategy development.  

Plotting capabilities are also another key requirement of the analysis software.  At a minimum, the default method for plotting should be to use standard database export capabilities to CSV files, which can be easily exported to Excel or other spreadsheet or plotting software packages.  In order to allow for creativity and flexibility on the various types of analysis and to allow for capitalizing on previous research experience, each lab will be free to design and implement its own analysis software package, as long as it addresses all of the requirements outlined above.

Requirements for the analysis software package will start in late January 2010, with specifications and implementation by each respective lab expected by March 2010.  

7. Joint Project Timeline

	1/29/2010
	Submit action plan to DOE

(Database selected, schema defined, preliminary data dictionary, preliminary taxonomy)

	Feb-Mar 2010
	Access agreements and initial MELs inventories

	Late Feb 2010
	Develop common database

	Mar 2010
	Final meter selection and detailed data collection plan

	Mar-Apr 2010
	Develop data analysis tool

	Mar-Apr 2010
	Large scale equipment deployment in field

	Apr-Aug 2010
	Analyze data, assess equipment operation, debug systems

	Aug-Sep 2010
	Final report development

	9/15/2010
	Draft final report to DOE

	9/30/2010
	Submit final report to DOE


(note: Milestones in the February through August period are not precise because each lab will be completing parts of their work at different times.)

8. Future Research Directions 

In the Final Report, the following topics will be addressed to inform future potential CMELs R&D:

· Propose a methodology for evaluating trends in CMELs metrics (future growth) that builds upon the data gathered during the current study.  This proposal, included in the final report, will be of sufficient detail to enable research on this topic as soon as FY2012  

· Propose a methodology for determining barriers and opportunities for CMELs efficiency improvements using current and near-ready technology and certifications for the individual plug load (i.e. upstream design changes, Energy Star, etc.).  This proposal, included in the final report, will be of sufficient detail to enable research on this topic as soon as FY2011  

· Propose a methodology for determining barriers and opportunities for CMELs efficiency improvements using intelligent building automation systems and controls.  This proposal, included in the final report, will be of sufficient detail to enable research on this topic as soon as FY2011  

· Propose a methodology for assessing non-technological barriers and opportunities for CMELs efficiency improvements, such as occupant behavior, maintenance procedures, operational practices, security procedures, etc.  This proposal, included in the final report, will be of sufficient detail to enable research on this topic as soon as FY2011

CMELs Team Contacts

	LBNL: Rich Brown, REBrown@lbl.gov, (510) 486-5896

Steven Lanzisera, SMLanzisera@lbl.gov, (510) 486-4762
	NREL: Luigi Polese, luigi.gentile.polese@nrel.gov, (303) 275-4362

	ORNL: Ed Vineyard, vineyardea@ornl.gov, (865) 574-0576, Randall Wetherington, wetheringtgr@ornl.gov, (865) 574-5717
	PNNL: Jim Dirks, jadirks@pnl.gov, (509)  

Emily Rauch, emily.rauch@pnl.gov, (509) 375-6835

	DOE: Brian Holuj, Brian.Holuj@ee.doe.gov, (202) 287-1357
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Attachments

Attachment 1: MELs Taxonomy
Attachment 2:  Pre-Installation Meter Verification – DRAFT

The Goal:

To ensure that the metered data collected are as accurate as possible through meter verification.

The Issue:

Stated accuracy is generally % error (+/-) at full scale.  Thus, if full scale is 15A and the accuracy is +/- 1% the absolute accuracy is +/- 0.15A.  If this absolute accuracy is maintained over the measurement range and you are measuring a current that is 1% of full scale, the error is +/- 100%.  Additionally, some meters state a % error for a range and below a certain value amps and power factor lose accuracy. For example, the Watts up?  meters state that accuracy is lost below 60 watts
.  
Types of Errors:

Errors can be categorized as random, repeatable, or catastrophic.  For example, assume a meter is measuring a known 1.0A source and the following 5 measurements are made:

0.99

1.01

0.98

1.00

1.02

It is clear that there is some measurement error associate with this meter.  It is also clear that the error is random with is no positive or negative bias.

Assume again that we are measuring the same known 1.0A source and the following 5 measurements are made:

0.98

0.98

0.98

0.98

0.98

Again it is clear that there is error associated with this meter (in fact, larger on average than that previous meter); however, it is also clear that there is a bias in the error and that the actual measurements are tightly clustered (repeatable).  With this type of measurement error, the measurement could be “corrected” to give the actual value.  However, there is not enough data to determine how the correction should be made, so more measurements would need to be made to determine the type of correction.

Catastrophic error is due to either total meter failure or systematic error so large that the no confidence can be placed in the metered results.  For example, even if a meter could reliably show exactly one-half of the actual value you would probably not want to use it.  Meter verification is critical for avoiding catastrophic error; lacking this, a not insignificant fraction of the metered data one collected will be of no value. 

Verification Procedure:

Each meter type will require its own adjustment technique depending on the type and severity of errors found.  We propose the following approach to developing a meter verification procedure for each type of meter used. Steps 1-4 would be performed on a sample of each batch of meters procured.  This is a more in depth evaluation to characterize the errors of the meter type and batch.  The information gathered during the first year of meter installation and data collection will inform the process of choosing meters and defining the appropriate level of verification testing in the future.  Steps 5 and 6 would be performed on each meter installed in the field for quality assurance.

1.  For the loads likely to be monitored by this type of meter determine the minimum non-zero value likely to be measured (e.g., the device is in the energy saving stand-by mode).

2.  Determine the maximum value the meter is capable of measuring (full scale).

3.  Using a known source, make X measurements at the following levels.  (When making the measurements, change the level between each measurement—e.g., follow the order shown, and then start at the top and work back to the minimum expected value.)

· Minimum expected value

· 1% of full scale

· 3% of full scale

· 10% of full scale

· 30% of full scale

· 100% of full scale

4.  After doing a significant number of meters (~X) examine the data to determine where (i.e., at what fraction of full scale) the largest errors are occurring and whether the errors are random or systematic (repeatable). 

5.  If the errors are random and within the acceptable range (~X) for all the meters then it can reasonably be assumed that for this type of meter only a few measurements would need to be made to verify the meter.  Readings of the minimum expected value and 1%, 10%, and 100% of full scale (for a total of four measurements) would be sufficient to confirm the expected characteristics of each meter installed in the field. 

6.  If the error has a systematic (repeatable) component then the meter should be calibrated if possible (adjusted so that the remaining errors are random).  If it is not possible or not feasible to calibrate the meter then an adjustment equation should be developed that would allow the collected data to be adjusted to remove the meter bias again leaving only random error.  

· If the systematic error is significant (~X) and repeatable across meters (e.g., all meters measure the same amount low at the low end of the scale and the same amount high at the high end of the scale) then a set of  adjustment equations could be developed for this type of meter.

· If the systematic error is significant (~X) and not repeatable across meters then a unique adjustment equation would need to be developed for each meter.  To do this, one would do step 3 for each meter and develop a unique adjustment equation for each meter.
� � HYPERLINK "https://www.wattsupmeters.com/secure/products.php?pn=0" �https://www.wattsupmeters.com/secure/products.php?pn=0�





PAGE  
15

