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[bookmark: _Toc431384784][bookmark: _Toc436922916]Introduction 
The lighting controls sampling plan details three sample design scenarios the research team proposes for collecting lighting control hours of use (HOU) data. Each scenario produces statistically significant HOU values for calculating energy consumption for a given space and control type application. These HOU values, combined with additional research to determine the distribution of controls and the associated controlled wattage, enable the research team to calculate total energy consumption for the baseline and actual lighting controls market. The difference between the two levels of energy consumption represents the lighting controls market savings. Further, programs can leverage these values to derive energy savings fractions for given space and control type combinations and support their savings claims. 
This memo discusses three sampling designs highlighting different building/space/control type segmentation strategies, meant to align with budgetary and practical constraints. The memo presents the rationale for each scenario, as well as, the pros and cons of each sampling strategy with regard to level of uncertainty, data collection budget, and granularity of results. The sample size of each scenario will be presented in two magnitudes: (1) the number of buildings and (2) the number of lighting loggers. 

This sampling plan leverages existing meter and other data whenever possible, given BPA’s goal of minimizing primary data collection. The research team developed the sampling plan in parallel with the Momentum Savings methodology to ensure:
· Coordination of building/space/control type segmentation
· Prioritization of resources to high impact segments/control types
· Collection of the necessary data required for Momentum Savings calculations 
The primary goal of this memo is to provide BPA and other stakeholders comparisons of the three sampling plan options for review. The research team will consider stakeholder feedback on the sampling strategies and recommend the best option in the final report.

The memo is organized as follows: 
· The summary of sampling design scenarios section presents a high-level summary of the sample sizes and the pros and cons of each sampling scenario. 
· The background section provides the rationale for recommending a post-only sampling plan and high impact combinations.
· The discussion of design scenarios section details the sample size by building/space/control type, as well as, the relative uncertainty, budget, and granularity of results for each scenario. 
· The conclusion and next steps section summarizes the additional tasks the research team will undertake to enhance sampling plan design.





[bookmark: _Toc431384785][bookmark: _Toc436922917]Summary of Sampling Design Scenarios
The research team offers three sample design scenarios—based on different space type combination strategies—involving a “high,” “medium,” and “low” level of granularity (i.e. space type aggregation). Higher levels of sampling granularity produce greater accuracy in the results, but also increase total project costs. Table 1 provides a summary of the sample size of each scenario in two magnitudes: 1) the number of buildings and 2) the number of lighting loggers:
[bookmark: _Ref430073402]Table 1: Summary of Sample Sizes by Scenario
	Scenarios
	Logger Count
	Building Count*

	Scenario 1 
(High Granularity - Discrete space type/control type)
	2102
	526

	Scenario 2 
(Medium Granularity - Collapsed space type/control type)
	880
	220

	Scenario 3 
(Low Granularity - Control type only)
	584
	146


* Based on four loggers per building assumption[footnoteRef:1] [1:  The four loggers per building assumption is in line with the RTF protocols. This helps to determine the minimum number of buildings to ensure sufficient independent data points; however, additional loggers can be installed at each building. ] 

Source: Research team analysis
Each scenario targets the same levels of confidence and precision and achieves results well in excess of 90% confidence and 10% relative precision at the overall aggregate sample level. However, for each space type-control type combination, the research team applied a range of 10–25% relative precision depending on the perceived importance for that combination to the Momentum Savings calculation. The research team assigned coefficients of variation (CVs) between 0.25 and 1.25 for each scenario and combination based on 1) the nature of the technology being measured, and 2) the performance variable of interest (i.e., hours of use, savings ratio). The memo notes the specific CVs in parentheses for each sample cell in Table 4, Table 5, and Table 6.

The following summarizes the pros and cons for each scenario. The memo expands on these discussions in the remaining sections.

Scenario 1 (High Granularity - Discrete space type/control type) has the advantage of providing BPA with the most robust dataset of the three proposed scenarios. This approach samples and determines HOU values for each discrete space type and control type combination to provide the most granular dataset, which can be readily adapted to future shifts in the market. The research team assumes higher CVs for each sample cell (listed in parenthesis in Table 4), relative to other scenarios, due to the higher expected variability of HOU values for each space type-control type combination.  In particular, this scenario provides the greatest flexibility to adjust calculations for variations in the market mix of space type-control type combinations over time. This scenario’s flexible and precise dataset comes with a higher associated cost, relative to the other scenarios, due to the increased number of sites and equipment. 
Scenario 2 (Medium Granularity - Collapsed space type/control type) provides a balance between dataset robustness and data collection costs. Similar to Scenario 1, this approach requires metering of manual control applications for each discrete space type to determine a “baseline” HOU. However, this approach differs from scenario 1 by:
· Grouping space types for each control type based on similar usage patterns and, therefore, similar energy savings ratios to reduce the required number of metered sites.
· Applying different, lower CVs (listed in parenthesis in Table 5), relative to scenario 1, for each sample cell due to the lower expected variability in savings ratios. 
The research team will use the data gathered in this scenario to determine the change in HOU (i.e., savings ratio) relative to a manual controls baseline. The team will then calculate HOU for each building/space type combination based on the savings ratio and HOU of space types with manual controls. This grouping results in a reduced sample size and project cost from scenario 1, but also allows for enough primary data collection to create an informed picture of the lighting controls market. However, the savings ratio analysis approach does limit the robustness of the final dataset should the composition of the market change at a future date.
Scenario 3 (Low Granularity - Control type only) provides a sufficient dataset to complete the analysis with minimal sample size and budget. This approach differs from the other scenarios by:
· Sampling by control type only, without incorporating space types.
· Applying higher CVs (listed in parenthesis in Table 6) due to the increased variability of HOU estimates due to combining all space types.
The approach of sampling by control type only reduces the overall precision of the inputs serving the Momentum Savings calculations. Energy use estimates to support Momentum Savings would be statistically significant for each control type, but not for individual space types. 
[bookmark: _Toc431384786][bookmark: _Toc436922918]Background
The research team reviewed the most recent Commercial Building Stock Assessment[footnoteRef:2] (CBSA) data to understand the penetration of lighting controls by building and space type. The team then developed a matrix of building and space type combinations where lighting controls are most prevalent and represent a significant portion of the connected lighting load in the market (Table 2). Each “cell” in the matrix represents one building/space type combination. The team then relied on interviews with market actors, secondary research, and professional judgment to shade each cell based on perceived installation rates of lighting controls for that combination. Green represents high market installation activity, yellow represents medium market installation activity, and red represents low/non-existing market installation activity.[footnoteRef:3] For further information on the matrix development and shading procedures, see the Baseline Definition Memo prepared by the research team. [2:  Navigant Consulting, Inc. Commercial Building Stock Assessment. Northwest Energy Efficiency Alliance, 2014. Web.]  [3:  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.] 

[bookmark: _Ref431390353]Table 2: Current Market Activity in the Northwest
	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
	
	
	
	
	
	

	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)
	
	
	
	
	
	


Source: Analysis of 2014 CBSA data, *Encompasses all zones, including those not applicable for daylight dimming applications. High
Medium
Low


After creating the matrix of building, space, and control type combinations, the research team reviewed data collection protocols required to determine HOU values for each combination. HOU values, combined with additional research to determine the distribution of controls and the associated controlled wattage, enable the research team to calculate total energy consumption for the baseline and actual lighting controls market. The difference between the two levels of energy consumption represents the lighting controls market savings. Further, programs can leverage these values to derive energy savings fractions for given space and control type combinations and support their savings claims. 
The research team recommends a post-installation measurement protocol for collecting HOU data by space type and control type. The Momentum Savings model calculates energy consumption of the lighting controls market, and therefore does not require pre-installation measurements. This approach provides the most cost-effective way to collect the data while still adhering to industry-accepted protocols. Further explanation of the approach to data collection and the protocols involved will be provided in the Data Collection Plan supporting this research. 
The remainder of this memo details the sampling options the research team proposes to gather the necessary data to inform each building/space type combination defined in the matrix. Going forward, the team describes the cells in the matrix as “sample cells”, as they will determine the number of buildings and data points required in the sample design.
[bookmark: _Toc431384787][bookmark: _Toc436922919]Discussion of Design Scenarios
This section first presents considerations influencing the sample design followed by an in-depth discussion of the three sample design scenarios for lighting control data collection. It expands upon the ideas introduced in the summary section above, and provides stakeholders with additional information regarding the pros and cons of each scenario, the rationale behind the research team’s proposal of each scenario, and, ultimately, how each scenario affects the calculation of Momentum Savings.
[bookmark: _Toc431384788][bookmark: _Toc436922920]Sampling Inputs
This section presents influential factors considered in designing each sample scenario. Each of the three scenarios contain the following characteristics that impact the total recommended sample count:
· Assumed coefficients of variation (CVs)
· Desired levels of statistical confidence and precision
· [bookmark: _Toc431384789]Total sample cells—or the combinations of sampled space types
[bookmark: _Toc436922921]CVs
[bookmark: _GoBack]The assumed CV is an indicator of the expected variability of the collected data. Two important factors influence this variability: 1) the nature of the technology being measured, and 2) the performance variable of interest (i.e., hours of use, savings ratio). These factors led to a range of expected variability and thus the assumed CVs (between 0.25 and 1.25) for each sample cell. The research team assigned CVs for each combination based on engineering judgement and previous field experience. For example, the research team applied higher CVs if a space type was more likely to have different usage profiles, or a control was more likely to have higher variation in usage (e.g., multiple control strategies, occupant controlled strategy). Additionally, the research team applied higher CVs for scenarios where HOU is the variable of interest (i.e. scenarios 1 and 3) due to the higher expected variability on the HOU value compared to a savings ratio (i.e. scenario 2). The research team notes that these CVs apply for a single point in time for data collection purposes. However, performance of controls may vary over time due to technical advancements, improved installation quality, and user behavior. The research team recommends on-going secondary research (e.g., discussions with lighting controls experts) of advancements of lighting controls to identify changes in controls performance that justify further metering. Table 3 provides the assumptions behind each CV in the range:
[bookmark: _Ref430871602]Table 3: Coefficient of Variance (CV) Definitions
	Definition
	CV

	Low Expected Variability
	0.25

	Low-Medium Expected Variability
	0.50

	Medium Expected Variability
	0.75

	Medium-High Expected Variability
	1.00

	High Expected Variability
	1.25


Source: Research team analysis
[bookmark: _Toc431384790][bookmark: _Toc436922922]Confidence and Precision
The sample design for each scenario achieves results well in excess of 90% confidence and 10% relative precision at the overall aggregate sample level. However, at the sample cell level for each building/space type combination, the research team applied a range of 10–25% relative precision depending on the perceived importance for that cell to the Momentum Savings calculation. The team utilized data from the recently completed CBSA to determine what sample cells may be of most importance. This includes the penetration of each space type-control type combination to inform the necessary number of buildings to be sampled.
[bookmark: _Toc431384791][bookmark: _Toc436922923]Total Sample Cells
The number of buildings included in the sample design has a significant influence upon the overall data collection budget. In scenarios 2 and 3, the research team combines certain space types to reduce the overall number of loggers and buildings required by the sample. The scenario discussions that follow present the trade-offs in data robustness.

The research team does not recommend designing the sample based strictly on the count of installed loggers. Data collection efforts will produce a more robust dataset when maintaining a variety of sites, and therefore require a larger sample of buildings. The team recommends a minimum of four loggers at each building to capture the variation between sites; however, additional loggers may be installed as budget allows. 
[bookmark: _Toc431384792][bookmark: _Toc436922924]Scenario 1 (High Granularity - Discrete space type/control type)
Scenario 1 provides the most granular and precise study results by sampling each space type and control type combination independently of one another. The research team excluded certain combinations from the sample due to their low frequency of application in the region. This scenario is designed to measure the hours of use within each sample cell, which means that the assumed CVs are generally on the higher end of the range discussed earlier. The target precision within each sample cell is 15% for all binary controls, and 20% for controls with intermediate power levels.

This scenario has the advantage of providing BPA with the most robust dataset of the three proposed scenarios. This approach can be readily adapted to future shifts in the market. In particular, this scenario would provide the greatest flexibility to adjust calculations for new space type-control type combinations, or for refinements to forecasts of future control technology sales. The downside of this scenario’s flexible and precise dataset is the cost involved in gathering all of the necessary data points. 

[bookmark: _Ref430005151]Scenario 1 requires the research team to install approximately 2,100 loggers on unique circuits throughout the Northwest. This is equivalent to 525 buildings, assuming four loggers per space type. The final number of loggers can be greater, including back-up loggers as budget allows; however, this should not impact the total number of buildings. Table 4 illustrates the number of primary loggers within each sample cell, along with the assumed CV in parenthesis. The total count of loggers and total building count required for this scenario appear at the bottom. The total row excludes optional space types, because the team does not perceive them as “high priority” areas for data collection. The sampling plan focuses only on high and medium activity combinations. 
[bookmark: _Ref430873464]Table 4: Number of Loggers for Scenario 1
	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 (0.5)
	70 (0.75)
	70 (1.0)
	70 (1.0)
	70 (1.0)

	School K-12 - Classroom
	0 (0.5)
	0 (0.5)
	70 (0.75)
	70 (1.0)
	70 (1.0)
	70 (1.0)

	Retail/Service - Sales
	32 (0.5)
	0 (0.5)
	70 (0.75)
	70 (1.0)
	70 (1.0)
	70 (1.0)

	Assembly - Assembly
	32 (0.5)
	0 (0.5)
	70 (0.75)
	70 (1.0)
	0 (1.0)
	70 (1.0)

	Warehouse - Storage Low Bay
	32 (0.5)
	0 (0.5)
	70 (0.75)
	70 (1.0)
	0 (1.0)
	70 (1.0)

	Warehouse - High Bay
	0 (0.5)
	0 (0.5)
	70 (0.75)
	70 (1.0)
	0 (1.0)
	70 (1.0)

	Outdoors
	0 (0.5)
	0 (0.5)
	0 (0.5)
	40 (0.75)
	40 (0.75)
	70 (1.0)

	Exterior Parking and Area Lights
	32 (0.5)
	32 (0.5)
	32 (0.5)
	40 (0.75)
	40 (0.75)
	70 (1.0)

	Interior Parking Garage
	0 (0.5)
	0 (0.5)
	70 (0.75)
	0 (1.0)
	0 (1.0)
	70 (1.0)

	Restroom, Breakroom (Optional)
	19 (0.5)
	19 (0.5)
	40 (0.75)
	70 (1.0)
	70 (1.0)
	70

	Stairwells, Hallways (Optional)
	19 (0.5)
	19 (0.5)
	40 (0.75)
	70 (1.0)
	70 (1.0)
	70

	Total Sample
	128
	32
	522
	500
	290
	630

	
	
	
	Total Loggers/Total Buildings:
	2102/526


Source: Analysis of 2014 CBSA data. Note: The numbers in parenthesis are assumed CVs. *Encompasses all zones, including those not applicable for daylight dimming applications. High
Medium
Low

[bookmark: _Toc431384793][bookmark: _Toc436922925]Scenario 2 (Medium Granularity - Collapsed space type)
Scenario 2 targets the same levels of precision as Scenario 1, however Scenario 2 offers less analytical rigor by combining several space types based on expected similarities of energy use. In particular, the team combined offices with classrooms; storage low bay with high bay; and outdoor lighting with exterior parking garages and area lighting.

Scenario 2 provides a balance between producing a robust dataset, with keeping the overall sample size and project budget at reasonable levels. The research team will use the data gathered in this scenario to determine the change in HOU (i.e., savings ratio) relative to a manual controls baseline. The team will then calculate HOU for each space type-control type combination based on the savings ratio and HOU of space types with manual controls. The lower expected variability on the savings ratio compared to an HOU value reduces the sample size. However, the savings ratio metric does limit the robustness of the final dataset should the composition of the market change at a future date.

Scenario 2 requires the research team to install approximately 880 loggers on unique circuits—equivalent to 220 buildings–assuming four loggers per building. The final number of loggers can be higher to account for back-up loggers as budget allows, but this should not impact the total number of buildings. Table 5 illustrates the number of primary loggers within each sample cell, along with the assumed CV in parenthesis. The total count of loggers and total building count required for this scenario appear at the bottom. The total row excludes optional space types since the team does not perceive them as “high priority” areas for data collection. The sampling plan focuses only on high and medium activity combinations.
[bookmark: _Ref430007625]Table 5: Sample Sizes for Scenario 2
	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 (0.25)
	0 (0.5)
	32 (0.5)
	40 (0.75)
	40 (0.75)
	40 (0.75)

	School K-12 - Classroom
	
	
	
	
	
	40 (0.75)

	Retail/Service - Sales
	10 (0.25)
	0 (0.5)
	32 (0.5)
	40 (0.75)
	40 (0.75)
	40 (0.75)

	Assembly - Assembly
	10 (0.25)
	0 (0.5)
	32 (0.5)
	40 (0.75)
	0 (0.75)
	40 (0.75)

	Warehouse - Storage Low Bay
	10 (0.25)
	0 (0.5)
	32 (0.5)
	40 (0.75)
	0 (0.75)
	40 (0.75)

	Warehouse - High Bay
	
	
	
	
	
	40 (0.75

	Outdoors
	10 (0.25)
	10 (0.25)
	32 (0.5)
	19 (0.5)
	19 (0.5)
	40 (0.75)

	Exterior Parking and Area Lights
	
	
	
	
	
	40 (0.75

	Interior Parking Garage
	0 (0.25)
	0 (0.25)
	32 (0.5)
	0 (0.5)
	0 (0.5)
	40 (0.75)

	Restroom, Breakroom (Optional)
	7 (0.25)
	19 (0.5)
	19 (0.5)
	40 (0.75)
	40 (0.75)
	40 (0.75)

	Stairwells, Hallways (Optional)
	7 (0.25)
	19 (0.5)
	19 (0.5)
	40 (0.75)
	40 (0.75)
	40 (0.75)

	Total Sample
	40
	10
	192
	179
	99
	360

	
	
	
	Total Loggers/Total Buildings:
	880/220


Source: Analysis of 2014 CBSA data. Note: The numbers in parenthesis are assumed CVs. *Encompasses all zones, including those not applicable for daylight dimming applications. High
Medium
Low

[bookmark: _Toc431384794][bookmark: _Toc436922926]Scenario 3 (Low Granularity - Controls-only)
Scenario 3 does not distinguish between various space types employing each control technology, thereby reducing the total number of sample cells in the combination matrix to six (Table 6). The team designed Scenario 3 to achieve relative precisions of 15% on binary controls and 20% on controls with intermediate power options. This scenario assumes comparatively high CVs due to the measure of interest being an absolute value (hours of use) and the combination of data points across space types likely increasing the variability of the results. 

Scenario 3 provides a sufficient dataset to complete the analysis with a minimal sample size and budget. This approach simplifies the Momentum Savings calculation by not requiring a disaggregation of control sales data by space type[footnoteRef:4]. This approach samples by control type only, assuming a) the sample will be representative of the distribution of controls in building and space types in the region and b) the distribution will stay constant throughout the Momentum Savings calculation timeframe. HOU estimates would be statistically significant for each control type, but the results for individual space types would be less robust. Therefore, the final calculations may be sufficient to account for changes in forecasted sales of control technologies, but may be limited to account for changes in control installations by space type.  [4: The research team assumes sales data will be difficult to provide by space type and this approach circumvents that need.] 


One option may be to initially sample based on Scenario 3, and supplement with additional sites as needed to achieve the sampling sizes and designs proposed in Scenario 1 or 2.

Scenario 3 requires the research team to install approximately 580 loggers on unique circuits—equivalent to 145 buildings–assuming four loggers per building. The final number of loggers can be higher to account for back-up loggers, but this should not impact the total number of buildings. Table 6 illustrates the number of primary loggers within each sample cell, along with the assumed CV in parenthesis. The total count of loggers and total building count required for this scenario appear at the bottom. The sampling plan covers all the combinations, including optional space types listed below.

[bookmark: _Ref430008019]Table 6: Sample Sizes for Scenario 3
	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
	70 (0.75)
	70 (0.75)
	123 (1.0)
	107 (1.25)
	107 (1.25)
	107 (1.25)

	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)
	
	
	
	
	
	

	Total Sample
	70
	70
	123
	107
	107
	107

	
	
	
	Total Loggers/Total Buildings:
	584/146


Source: Analysis of 2014 CBSA data. Note: The numbers in parenthesis are assumed CVs. *Encompasses all zones, including those not applicable for daylight dimming applications. High
Medium
Low

[bookmark: _Toc431384795][bookmark: _Toc436922927]Conclusion and Next Steps
This memo represents the research team’s recommended sampling plan scenarios. As a next step, the research team will write the Secondary Data Population memo, which will take the data from the Existing Metering Studies Memo[footnoteRef:5] and subtract it from the sample sizes developed in this memo. This will show how many new sites must be metered to support the calculation of momentum savings from lighting controls. [5:  Navigant Consulting. Lighting Controls Momentum Savings Existing Metering Studies Memo. Rep. Bonneville Power Administration, November 2015. Web.] 


