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[bookmark: _Toc433200072][bookmark: _Toc436916927]Introduction
This draft data collection plan presents the data collection, equipment, skill set requirements, methods, and standard protocols the research team proposes for collecting lighting controls data. The purpose of the primary data collection effort is to collect data to produce statistically significant hours of use (HOU) results by control and space type for lighting controls. The research team will use the results of the primary data collection plan combined with existing metering data and secondary data to produce statistically significant results to support the lighting controls Momentum Savings calculations. The final decision on the sampling plan design will inform the number of sites and loggers needed for the data collection.
This data collection plan leverages the Regional Technical Forum (RTF) Research Plan,[footnoteRef:1]  the Department of Energy’s (DOE) Uniform Methods Project (UMP) Lighting Controls Evaluation Protocol,[footnoteRef:2] and the Bonneville Power Administration’s (BPA’s) non-residential lighting impact evaluation metering study whenever possible to ensure consistency across the primary data collection efforts.  [1:  Regional Technical Forum. Provisional Research Plan for Non-Residential Lighting Retrofits. Rep. Regional Technical Forum, 11 Dec. 2014. Web.]  [2:  Department of Energy, Uniform Methods Project.  Chapter 3: Commercial and Industrial Lighting Controls Evaluation Protocol. Rep. National Renewable Energy Laboratory, Apr. 2013. Web.] 

The primary goal of this memo is to provide BPA and other stakeholders with guidance on the data collection, equipment, skillset requirements, methods, and standard protocols as they pertain to primary data collection efforts. 
The Navigant team (the research team) organized the memo as follows:
· The Summary of Data Collection Plan and Existing Protocols section presents a high-level summary of the key information needed and the proposed approach for each main component of the data collection plan.
· The Data Collection Plan section details the information needs and the associated approach for each data collection plan component to enable successful and robust data collection.
· The Next Steps and Areas for Future Research section summarizes the additional tasks the research team will undertake to enhance the data collection plan.
[bookmark: _Toc306534403][bookmark: _Ref433185297]
[bookmark: _Toc433200073][bookmark: _Ref433200982][bookmark: _Toc436916928]Summary of Data Collection Plan and Existing Protocols
[bookmark: _Ref431462138]The research team reviewed various protocols including the RTF Research Plan, the DOE’s UMP Lighting Controls Evaluation Protocol,  and BPA’s non-residential lighting impact evaluation metering study to inform the data collection plan. The research team incorporated engineering judgment where needed to address the specific requirements of the Momentum Savings calculations. Table 1 provides a high-level summary of the key information needed and the proposed approach for each main component of the data collection plan.
[bookmark: _Ref431463217]Table 1: Summary of Data Collection Plan Components
	Categories
	Source
	Summary

	Meter Data Collection Methodology
	Equipment
	RTF Research Plan
	For circuits with binary (on/off) controls, practitioners only need to collect event logger data. Current (i.e., amperage) metering is required for dimmable or bi-level circuits.

	
	Onsite Sampling
	Navigant engineering
	This guide explains how to install meters systematically within a particular site in order to a) cover a variety of circuits for a specific control type and space type combination and b) target a desired precision.

	
	Logging Periods
	DOE UMP Lighting Controls Evaluation Protocol
	The research team must collect data for a minimum period of four weeks during typical annual operating schedules.

	Data Collection Form
	Navigant engineering, BPA metering study
	Includes the list of data fields practitioners need to collect during site visits in addition to metering data. The research team designed the form as a data collection tool to gather site specific data at the building, space, and circuit levels. This form allows the team to aggregate then extrapolate logger data to annual hours of use.

	Skills/Training
	RTF Research Plan, BPA metering study
	The skills/training needed for technicians responsible for collecting measured electrical data at the site.

	Potential Risks & Mitigation Strategies
	Navigant engineering
	Recommendations for addressing known risks with metering studies such as logger calibration error, logger misplacement, adhesive failure, fixture/circuit selection bias, and self-report bias.


Source: Research team analysis, 2015
[bookmark: _Toc306534404][bookmark: _Ref433185301][bookmark: _Toc433200074][bookmark: _Toc436916929]Data Collection Plan
The team developed the data collection plan with the goal of collecting a complete primary data set that will allow the research team to determine the HOU values by building, space, and control type. This section details the key information needed and the proposed approach for each component of the data collection plan for field practitioners to successfully complete a robust data collection effort. To accomplish this goal and maintain safety, the research team also provides best practices and recommendations to address risks associated with site visits. 
The research team reviewed a variety of protocols, including the RTF Research Plan, DOE’s UMP Lighting Controls Evaluation Protocol, and BPA’s non-residential lighting impact evaluation metering study to inform the data collection plan. The research team organized the data collection plan into four components:
· Meter data collection methodology
· Data collection form
· Skills/training
· Risks 
[bookmark: _Toc306534406][bookmark: _Toc433200076]Meter Data Collection Methodology
This methodology provides best practices for collecting HOU values as they pertain to the equipment requirements, logging period, and onsite sampling. The research team leveraged sections specific to HOU data collection from the RTF Research Plan for lighting controls and the DOE UMP Lighting Controls Evaluation Protocol to inform the meter data collection methodology. The research team leveraged its own protocols and experiences from previous field studies for the onsite sampling methodology, because the RTF Research Plan does not address this topic. 
[bookmark: _Toc306534407][bookmark: _Toc433200077]Equipment Requirements
Lighting event loggers and current transducers (CTs), shown in Figure 1, are the two types of lighting loggers commonly used for measurement and verification studies. Lighting event loggers record when a lighting fixture turns on or off. Current loggers combined with CTs record the actual current draw (i.e. amperage) of a lighting circuit. 
Figure 1: Lighting Event Logger (left) and CT (right)
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Source: Onset HOBO Data Loggers 
Based on the RTF Research Plan and Navigant’s field study protocols, the research team recommends lighting event loggers be used to record fixture state (on/off) for circuits that have binary (on/off) controls, such as occupancy sensors, photocell sensors with on/off operation, and timers. This logger type is typically installed near the lamp. The research team recommends setting recording intervals to collect data based on a light sensor stimulus (i.e., when a light turns on and off) rather than at a regular interval. 
The research team recommends CTs and current loggers record fixture current for circuits that have automated controls with intermediate power levels, such as stepped or continuous dimming controls, dual ballast controls, daylight sensors, or combination daylight/occupancy sensors (advanced lighting controls). Current loggers will collect time- and date-stamp total amps for the circuit for each sampling interval in the recording period. Typically, this logger type is installed at the lighting circuit panel or clamped around wires at the fixture. The research team recommends setting recording intervals (logging time) at no less than one minute and no greater than five minutes dependent on the physical memory of the current loggers and the recording period. At the initial visit, field practitioners will take spot measurements of current at varying light levels or install light meters together with CTs to document power factor and voltage. The research team needs this documentation to derive full-power-equivalent HOU estimates from current data.
Logging Periods 
The research team recommends collecting data for a minimum of four weeks during typical annual operating schedules based on the DOE UMP Lighting Controls Evaluation Protocol. For facilities with constant schedules, the protocol recommends metering a minimum of two weeks for pre-retrofit periods and a minimum of four weeks for post-retrofit periods. For facilities with seasonal schedules, such as schools, the protocol recommends monitoring during each active period. For example, a facility with three seasonal schedules (i.e. winter, shoulder, summer) requires a total of 12 weeks of metering; 4 weeks in the summer, 4 weeks in the winter, and 4 weeks in the summer. Navigant recommends recruiting facilities with a single active schedule to reduce the additional time required for facilities with multiple schedules. The metering period should not begin until the system has been in operation for at least 100 operating hours to ensure that operating patterns are well-established before the metering period based on RTF Research Plan. 
[bookmark: _Toc306534408][bookmark: _Toc433200078]Onsite Sampling
The field practitioner needs to identify circuits to meter at each site. The onsite sampling plan guides the practitioner to install meters systematically within a particular space type so that the loggers gather data from a representative sample of circuits. The onsite sampling plan aims to capture a diverse set of circuits at a site for each specific space type and control type combination. 
The limited number of loggers means it may or may not be feasible to install loggers on all circuits. The team recommends a minimum of four loggers per space and control type combination at a given site; however, field practitioners may install additional loggers as budget allows. Where practitioners can achieve data collection with fewer than the recommended four loggers per space and control type combination, practitioners should attempt to install loggers on all circuits in the space types specified by the sampling plan at a given site. If the site contains a significant number of control types across a range of space types, the practitioner should focus on the areas and circuits that will capture the full spectrum of specific space and control type operating characteristics with the limited number of loggers. In these instances, practitioners must consider the following criteria to determine the number of lighting loggers and the placement of each logger:
· The number of spaces within a building that meet the definition for a space and control type combination. For example, an office building with 50 private offices that have occupancy sensors requires more loggers compared to an office building with five private offices that have occupancy sensors. 
· The variability of the occupancy schedule of a building. For example, private offices that have occupancy sensors in an office building with multiple occupancy schedules require more loggers compared with private offices that have occupancy sensors in an office building with a single occupancy schedule.
· The size of the spaces for a space and control type combination. For example, to ensure the loggers capture the full characteristics of the lighting operating hours of the space, a sales floor in a retail store with 10,000 square feet requires more redundancy, thus more loggers, compared to a sales floor with 1,000 square feet.
· The access to ambient or daylight for a space and control type combination. For example, an office building with private offices on different sides of the building requires more loggers, especially for daylight controls, than an office building with private offices on the same side of the building. 
If a practitioner determines it is technically infeasible to install meters on a circuit or within a given activity area (e.g., restricted access or inaccessible fixtures), the practitioner will document the technical conditions precluding meter installation. 
Data Collection Form
This section lists contextual data that field practitioners need to collect during site visits in addition to the metered data. The research team designed this form as a data collection tool to gather site specific information at the fixture level that the team can then aggregate to the space level and extrapolate to annual HOU estimates. Based on the sampling plan design, the goal of the metering study is to provide statistically significant HOU data for each space and control type within specific building types. As such, the research team organized the following list to collect data on building, space, and control types: 
· Required building-level information includes building type (see Appendix A), age, square footage, location, and operating schedule. Operating schedule includes weekday, Saturday and Sunday, closed, and partial holidays. Data collection must include seasonal business schedules when applicable. For example, if a K–12 school has two schedules throughout the year—one for the summer and one for the school year—the practitioner will record both schedules.
· Required space-level information includes space type (see Appendix A), square footage, lighting schedule, and number of circuits in the space. Space occupancy schedule, similar to business operating schedule, includes weekday, Saturday and Sunday, closed, and partial holidays. Data collection must include seasonal space occupancy schedules when applicable. The research team will use this information to extrapolate logger data to annual HOU estimates. 
· Required circuit-level information directly corresponds with the logger data. The circuit is the smallest group of fixtures with the same usage profiles and connected to a single controller. The research team will aggregate circuit-level logger data to the space level. The research team leveraged the BPA metering study to inform the following data collection fields: 
· Fixture quantity: The number of fixtures on a single lighting circuit
· Fixture class: Identifies the type of lighting fixture. For example: CFL, LED, T8, etc.
· Fixture category: Provides additional context on the type of lighting technology. For example: screw-in, pin-based, 8 ft., 4 ft., etc.
· Lamp wattage: Rated wattage of the lamp at full power
· Lamps per fixture: The number of lamps within a fixture
· Ballast type: Identifies the type of ballast if applicable. For example: electronic, magnetic, etc.
· Control type(s): Classifies the control technology. Includes photocells, daylight sensors, occupancy sensors, timers, manual, and advanced lighting controls 
· Daylight impact: A yes or no question to determine whether daylight may impact event loggers 
· Logger ID: Unique ID printed on the logger
· Logger type: Identifies the type of logger installed. Includes event logger or current logger
· Logger installed time: The date and time the logger was installed and the field practitioner ensured proper operation
· Logger retrieved time: The date and time the practitioner removed the logger 
· Logger operational: A yes or no question to confirm the logged fixture and logger are still operational during retrieval 
· Notes: Records variations in the data that researchers might see during analysis 
The field practitioner will repeat building-level data collection for every building in the sample, the space-level data collection for every space visited at each building, and the circuit-level data collection for every circuit logged in each space. The data collection will consist of two visits: installs and retrievals. The practitioner will collect most data at install visits. The data collection team must review the data for quality assurance within 48 hours of the initial site visit to minimize loss of data and identify additional data collection needs for the retrieval visit.
[bookmark: _Toc306534410][bookmark: _Toc433200080]Safety/Training
This section lists the safety and training guidance field practitioners must follow while conducting site visits. The research team created the following safety and training requirements, based on its review of the RTF Research Plan, BPA’s non-residential lighting impact evaluation metering study, and Navigant’s field study protocols. The individuals performing the data collection must follow the criteria listed below. Any work performed on energized circuits, such as spot power measurements and installation of CTs, must be performed by a licensed electrician under the guidance of trained field staff. 
All field technicians, regardless of the type of measurement conducted, must be able to:
· Install lighting event loggers, or direct a qualified electrician to take power measurements and install CTs and current loggers on energized circuits
· Continuously assess the working environment during the site visit for potential site hazards, vehicular traffic, and ladder safety
· Provide evidence of required field staff safety training. Classes may include:
· Confined Spaces
· Electrical Safety
· Fall Protection
· Hazard Communication: An Employee’s Right to Know
· Defensive Driving
· Heat Stress
· PPE: Personal Protective Equipment
· Scaffolding and Ladder Safety
· Workplace Safety Orientation
· Basic First Aid
· Understand the range and accuracy limitations of the various types of metering equipment
· Properly identify lighting system characteristics required by the data collection form
· Direct facility or contractor staff to extract data regarding lighting system control strategies and schedules
In addition, all field technicians must adhere to the following safety guidance to determine if the work requires a licensed electrician. The research team derived this guidance from Section F5 - Electrical Safety of the procedures manual[footnoteRef:3] used in BPA’s recent non-residential lighting impact evaluation metering study: [3:  Bonneville Power Administration. Procedures Manual – Impact Evaluation Plan for the Site-Specific Savings Portfolio - v1.1. Section F.5 Electrical Safety. Prepared by SBW Consulting. 17 April 2014.
] 

· Do not work alone—make sure there is someone to administer first aid in the event of an accident. 
· Wear appropriate personal protective equipment as warranted for work involving lighting circuits. Follow the safety procedures outlined in National Fire Protection Association (NFPA) 70 and by the Occupational Safety and Health Administration (OSHA) to determine the level of personal protective equipment needed for the meter installation. 
· Use all tools and equipment in their prescribed manner. 
· If at all possible, shut off the power (be sure to discuss this with the site contact when discussing the plan) before opening any electrical panels or boxes.
· Never leave an open panel unattended.
· Be alert for danger signs, such as cracked or missing insulation on wires. Do not work on systems with evidence of dangerous conditions.
· Test to make sure the power is off before making connections.
· Seek assistance if unsure how to conduct the work.
· Double-check work before restoring power.
· Work deliberately and do not become distracted. 
· Employ a licensed electrician for work performed on electrical equipment.
· Look for an arc flash information tag on equipment (this is a 2012 requirement; older equipment is not likely to have this tag). 
· Avoid working in wet areas. 
· Keep work area neat (remove tripping hazards, do not temporarily store materials in an unstable position, etc.). 
· Use appropriate personal protective equipment—must be arc rated (flame resistant is no longer adequate as of 2012).
· Use hearing protection; it is required inside arc flash hazard boundary (2012).
· Stay outside arc flash hazard boundary if possible. 
· Consider “what if” scenarios and be prepared for them.
[bookmark: _Toc306534411][bookmark: _Toc433200081]Potential Risks & Mitigation Strategies
This section lists the risks associated with metering studies and the research team’s recommendations for mitigating those risks. The research team leveraged its own protocols and experiences from previous field studies for addressing the known risks, because the RTF Research Plan does not address this topic. Common risks during logger installations and onsite interviews include: 
· Logger calibration error: Calibrating an event logger at too great a distance from the light source or incorrectly sizing a CT can result in inaccurate readings and data. It is important for the field practitioner to tune the logger to sense when a lighting fixture is on or off, to appropriately calibrate the event logger to the light output, and to appropriately size the CTs to the current carried by the circuit.
· Poor logger placement: Failure to aim the final placement of an event logger toward the light source can result in incomplete data.  The field practitioner needs to aim the photo sensor on the lighting logger directly at the light source and not away from it. 
· Installation failure: Installing a logger too close to lamps can result in logger failure due to overheating. The field practitioner needs to place the logger at an appropriate distance to ensure the heat generated by the lighting fixture does not compromise the adhesive used to keep the logger in place.
· Fixture or circuit selection bias: Practitioners may intuitively choose to install loggers on fixtures that are only on or convenient. This behavior can result in a biased selection of fixtures that are used more often than an average representative fixture in the space. It is important for the field practitioner to follow onsite sampling protocols and select from a wide range of fixtures.
· Self-report bias: Survey respondents may provide biased information based on their interpretation of past events that is different from the actual performance or behavior of interest. The research team recommends asking a series of questions to help respondents recall their program experiences and details about their building’s operation in order to mitigate the extent of this bias. 
The research team will mitigate these potential risks by using trained personnel for onsite work, employing checklists and procedures for onsite activities, implementing quality control procedures, and using best practices developed from previous experiences with installations and customer surveys.
[bookmark: _Toc306534412][bookmark: _Ref433185310][bookmark: _Toc433200082][bookmark: _Toc436916930]Next Steps and Areas for Future Research
This memo represents the first draft of the research team’s recommended data collection plan. The research team plans to review this data collection plan with SBW, which recently completed an impact evaluation of BPA non-residential lighting and can provide useful guidance on issues they encountered. 



[bookmark: _Toc306534414][bookmark: _Ref433186598][bookmark: _Toc433200084][bookmark: _Toc436916931]Appendix A: Priority Building and Space Types
[bookmark: _Ref432511142]Table 2: List of Priority Building and Space Types
	Building-Space Types

	Office—Office Rooms

	School K-12—Classroom

	Retail/Service—Sales

	Assembly—Assembly

	Warehouse—Storage Low Bay

	Warehouse—High Bay

	Outdoors

	Exterior Parking and Area Lights

	Interior Parking Garage

	Restroom, Breakroom (Optional)

	Stairwells, Hallways (Optional)
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