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[bookmark: _Toc436922015]Overview
Bonneville Power Administration (BPA) tasked the Navigant team (the research team) with developing a methodology for calculating Momentum Savings for lighting controls across the Northwest. This effort requires a complete and comprehensive understanding of the lighting control market, using a multitude of data points from a variety of sources. To this end, the research team first conducted a literature review[footnoteRef:1] and spoke with lighting controls experts to understand the available sources regarding lighting controls and assess data gaps. The research team then designed a sampling plan[footnoteRef:2] to collect hours of use (HOU) data for a statistically significant number of space type/control type combinations[footnoteRef:3].  The research team, and others in the region, can then leverage this HOU data to calculate energy consumption for the lighting controls applications, including Momentum Savings.  [1:  See the Sampling Plan memo for explanation on the matrix of building type, area type, and control type combinations planned during the primary data collection efforts. ]  [2:  Navigant Consulting. Lighting Controls Momentum Savings Sampling Plan Memo. Rep. Bonneville Power Administration, November 2015. Web.]  [3:  See the Sampling Plan memo for explanation on the matrix of building type, area type, and control type combinations planned during the primary data collection efforts. ] 

The research team understands that primary data collection efforts are costly. In an effort to reduce these costs, the team reviewed existing studies based on primary metering of lighting controls, with an emphasis on the priority building and control type combinations defined in the sampling plan. The goal was to gather enough relevant data for these priority combinations to reduce the number of onsite visits required, and therefore reduce the cost of the primary data collection. 
This memo details the findings from two existing metering studies and quantifies the impact they have on the primary data collection effort. 
[bookmark: _Toc436922016]Summarized Findings
The research team identified the following two existing metering studies as containing relevant and quality data for a number of priority building and control type combinations in the lighting control market:
· The current evaluation of the BPA’s Site-Specific Savings Portfolio conducted by SBW Consulting, which includes nine non-residential lighting programs[footnoteRef:4] [4:  This evaluation was not complete at the time of the literature review and has an anticipated completion date of November 2015.] 

· The Western Exterior Occupancy Survey for Exterior Adaptive Lighting Applications, which is a joint study conducted by the California Lighting Technology Center on exterior space occupancy controls for BPA, Pacific Gas & Electric (PG&E), and Southern California Edison (SCE)
Table 1 shows the matrix of space type-control type combinations as defined in the sampling plan. The numbers in this table represent the relevant data found in the two key existing metering studies, covering 86 sites. The research team will reduce the number of overall sites required by the sampling plan, by the numbers identified in Table 1, and therefore reduce the cost of the primary data collection effort. 
Sixty-one of the 86 sites contain meter data specific to space types of interest (i.e. cells colored green, yellow, or red). The research team prioritized space type-control type combinations based on the assumed prevalence of controls installations in the region. Green represents high market installation activity, yellow represents medium market installation activity, and red represents low/non-existing market installation activity.[footnoteRef:5] The existing meter data supports these assumptions, given that high and medium applications account for 59 of the 86 data points.  [5:  The market installation activity is measured by connected controlled watts, where green is more than 10 million connected watts, yellow is between 10 million and two million connected watts, and red is less than two million connected watts.] 

The research team also included two “optional” space types (i.e. Restrooms/Breakrooms and Stairwells/Hallways) that are not required by the proposed sampling plan. However, the research team recommends collecting data at these space types if budget allows to enhance the Momentum Savings analysis. The research team found 25 sites with applicable data for “optional” space types, which reduces the additional cost for collecting this data. 
[bookmark: _Ref433104953][bookmark: _Ref434569100]Table 1. Existing Metering Data for Priority Space, and Control Types
	Building-Space Type
	Binary (On/Off) Controls
	Controls with Intermediate 
Power Levels 
(i.e., Dimming Capabilities)
	Manual Switches (No Controls) 

	
	Scheduling Clock/Timer
	Photocells
	Occupancy 
Sensors
	Advanced 
Lighting Controls (EMS)
	Daylight 
Dimming*
	

	Office—Office Rooms
	0
	0
	5
	0
	0
	2

	School K–12—Classroom
	0
	0
	0
	0
	0
	4

	Retail/Service—Sales
	2
	0
	0
	0
	0
	15

	Assembly—Assembly
	0
	0
	0
	0
	0
	2

	Warehouse—Storage Low Bay
	0
	0
	0
	0
	0
	1

	Warehouse—High Bay
	0
	0
	7
	0
	0
	6

	Outdoors
	1
	0
	1
	1
	3
	1

	Exterior Parking and 
Area Lights
	0
	0
	5
	1
	1
	0

	Interior Parking Garage
	0
	0
	3
	0
	0
	0

	Restroom, Breakroom 
(Optional)
	0
	0
	6
	0
	0
	8

	Stairwells, Hallways (Optional)
	0
	0
	1
	0
	0
	10

	Total Sites (includes optional spaces)
	3
	0
	28
	2
	4
	49

	
	
	
	
	
	Total Sites
	86


Source: Research team analysisHigh
Medium
Low

*Encompasses all zones, including those not applicable for daylight dimming applications.

[bookmark: _Toc436922017]Existing Metering Studies
The research team examined the resources provided by the Literature Review[footnoteRef:6] to determine each source’s applicability and usefulness for reducing the number of sites required for primary data collection. The team used the following criteria to conduct the analysis: [6:  Navigant Consulting. Lighting Controls Momentum Savings Literature Review Memo. Rep. Bonneville Power Administration, August 2015. Web.] 

· The resource must include actual, metered data
· The resource must contain Northwest-specific data
· The resource must be applicable to the non-residential lighting controls sector
Based on these screening criteria, the research team identified the two key existing metering study sources. 
· The current evaluation of the BPA’s Site-Specific Savings Portfolio
· The Western Exterior Occupancy Survey for Exterior Adaptive Lighting Applications
This section provides further detail on these studies and discusses the impact they have on the primary data collection effort. 
[bookmark: _Toc436922018]BPA Evaluation of Site-Specific Savings Portfolio
BPA’s Site-Specific Savings Portfolio includes the evaluation of non-residential lighting projects with site-specific HOU data for different building, space, and control type combinations. Table 2 provides detailed information on the data from this study and how the research team plans to use this data for calculating Momentum Savings for lighting controls. 


[bookmark: _Ref432418651]Table 2. Existing Metering Study Data from BPA Evaluation of Site-Specific Savings Portfolio 
	Data Source	

	Report title: Impact Evaluation for the Site-Specific Savings Portfolio (unofficial as the study has not yet been published)
Source: BPA
Description: An impact evaluation of BPA’s Site-Specific Savings Portfolio through fiscal years 2012 and 2013, which encompasses savings mainly from custom projects. 

	Building Types and Space Types Addressed with Sample Sizes

	SBW Consulting provided 3,625 unique data points for fixtures associated with a single space type and a single control type. SBW directly metered 483 of these data points to determine the average lighting hours of use for the various space and control types across the Northwest. Of these 483 metered fixtures, only 262 had unique space and control types within a single site.[footnoteRef:7] The research team refined the number of data points down to 82 that uniquely mapped to space and control type combinations identified in the sampling plan as “areas of focus.”[footnoteRef:8] [7:  Per the sampling plan, the research team will average the hours of use from data points within a single building to develop a single site value. The Data Notes and Uncertainties discussion in Table 2 provides more detail.]  [8:  See the Sampling Plan memo for more on the areas of focus for this analysis. ] 

The 82 final data points cover most control types across most sampling plan space types, with the following exceptions: 
· Photocell control types (binary on/off controls dependent on daylight)
· Assembly, School K–12—Classroom, or Warehouse—Storage Low Bay space types with advanced lighting controls 
Table 1 presents the full breakdown of data by space type and control type combinations. The team derived all numbers in Table 1 from the SBW metering study except for the Exterior Parking and Area Lights and Occupancy Sensors combination, which contains one data point from this BPA impact evaluation study and four data points from the other study in this memo, described in Table 3.

	Duration of Data Collection and Data Description

	Collection period: July 2014 through June 2015 with at least two weeks of data collection for each logger
Sensor frequency: Most monitored sites used event loggers; the few sites that used current loggers collected data at either 5- or 15-minute intervals
Unit of measurement: A group of fixtures associated with a space and having a control type

	Data Notes and Uncertainties

	Ultimately, the research team will need to determine the hours of use for each unique space and control type combination for each site. If a single site contains multiple metered circuits with the same space and control type combination, the research team recommends weighting the hours of use by the number of fixtures metered by each circuit.

	Data Reliability

	The data this study provided is robust, high quality, and adheres to vetted data collection protocols including the RTF Guidelines, BPA M&V Guidelines and Protocols, and the BPA Implementation Manual.


[bookmark: _Ref432103793][bookmark: _Ref432103789]Source: Research team analysis 
[bookmark: _Toc436922019]BPA, PG&E, and SCE Joint Study on Exterior Occupancy
[bookmark: _Ref432023752][bookmark: _Ref432023747]The research team found that the joint study from BPA, PG&E, and SCE contained Northwest-specific data that the team can leverage for the sample plan. The study data enables the team to reduce the number of sites that require metering for occupancy sensors in exterior parking and area light space types, as shown in Table 3.
[bookmark: _Ref433110592]Table 3. Existing Metering Study Data from Joint Study on Exterior Occupancy
	Data Source

	Report title: Western Exterior Occupancy Survey for Exterior Adaptive Lighting Applications (Phase 2)
Sources: BPA, PG&E, SCE
Description: Joint study between BPA, PG&E, and SCE to determine occupancy rates for exterior parking lots in Washington and California; the research team only reported data for the Washington-specific sites (four in total) in this table.

	Building Types and Space Types Addressed with Sample Sizes

	This study focused on exterior parking and area lights associated with four building types in Washington. Every site contained a number of loggers, each of which had one to four sensors for redundancy:
· Large Office Building: 8 loggers, 14 sensors
· K–12 School: 6 loggers, 10 sensors
· Fast Food Restaurant: 3 loggers, 6 sensors
· Building Supply Franchise: 11 loggers, 28 sensors
Total: 4 sites, 28 loggers, 58 sensors

	Duration of Data Collection and Data Description

	Collection period: 90 days
Sensor frequency: 5-minute binning

	Data Notes and Uncertainties

	This study collected occupancy data on exterior parking lots for eight locations—four in Washington and four in California. The study only reported data collected for Washington in this table.
The report trims the data for logger errors, inconsistent start/stop times, and construction interference.

	Data Reliability

	Although the data collected for each site is robust, the small sample size (four sites) likely means that the research team can use this study to reduce, not eliminate, the number of sites metered for occupancy controls in exterior parking and area light spaces. The research team can leverage this study’s HOU calculations for occupancy sensor-controlled exterior parking and area light space type sites.


Source: Research team analysis
[bookmark: _Toc436922020]Other Studies from the Literature Review
The research team also reviewed the Lawrence Berkeley National Laboratory (LBNL) “Meta-Analysis of Energy Savings from Lighting Controls” study.[footnoteRef:9] Although industry experts reference the LBNL study as a key source for energy savings data, the study itself is an analysis of other available studies and does not contain any metered data on lighting controls. [9:  Williams, Alison, Barbara Atkinson, Karina Garbesi, Francis Rubinstein, and Erik Page. A Meta-Analysis of Energy Savings from Lighting Controls in Commercial Buildings. Rep. Lawrence Berkeley National Laboratory, September 2011. Web.] 

[bookmark: _Toc436922021]Conclusion and Next Steps
The research team identified two Northwest-specific metering data sources for lighting controls to reduce the number of sites needed for primary data collection. As a next step, the research team will write the Secondary Data Population memo, which will take the data from this memo and subtract it from the sample sizes developed in the Sampling Plan memo. This will show how many new sites must be metered to support the calculation of momentum savings from lighting controls.
