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	To:
	Carrie Cobb, BPA

	
	

	From:
	Laura Tabor, Sonrisa Cooper, Jane Pater Salmon, Navigant; Rob Carmichael, Ben Barrington, Fiona Skinner, Cadeo Group

	
	

	Date:
	June 5, 2015

	
	

	Re:
	Non-Residential Lighting Momentum Savings Methodology




This memo describes the project team’s approach to estimating momentum savings that have accrued in the commercial, industrial, and outdoor lighting markets in the Northwest from 2010 to 2014.  
Introduction
Bonneville Power Administration (BPA) classifies savings from energy efficiency market advancements into two primary categories: programmatic and momentum savings. Programmatic savings are those that accrue from utility-sponsored incentive programs and Northwest Energy Efficiency Alliance (NEEA) market transformation initiatives.

BPA defines momentum savings as electricity savings that are:[footnoteRef:1] [1:  Bonneville Power Administration. Methodology for Quantifying Market-Induced Momentum Savings. Prepared by Cadmus Group, Inc. April, 2011.] 

· Cost-effective
· Above the baseline assumed by the Northwest Power and Conservation Council (the Council) in the conservation potential estimates of the 6th Regional Power Plan
· Not incented through utility-sponsored energy efficiency programs
· Not part of net market effects claimed by NEEA

The project team answered five key questions to calculate momentum savings from the commercial, industrial, and outdoor lighting markets during the analysis period 2010 through 2014. These questions are as follows: 

1. What is the market?
2. How big is the market?
3. What was the energy use in the market when the Power Plan was written?
4. What is the energy use in the market now?
5. What are the program savings in the market?

The “Defining the Market” section below discusses the answers to Questions 1 and 2, and defines lighting market used for this analysis in terms of total lumen demand. The “Estimating Total Market Savings” section provides answers to Questions 3 and 4 and calculates the total lighting consumption in average megawatts (aMW) for both the baseline and actual market scenarios. The “Estimating Program Savings” section answers Question 5 and defines the program savings achieved in the defined lighting market.

To calculate momentum savings, the team will use the following equation:

[bookmark: _Ref377388095]Equation 1. Momentum Savings


Where:

Total Market Savings is the difference in the annual electricity consumption (aMW) between baseline lighting consumption estimates as defined by the Council’s 6th Power Plan, and actual market consumption estimates as defined using distributor sales data. 

Program Savings is electricity savings directly attributed to commercial, industrial, and outdoor lighting efficiency programs in the region, and measured against the Council’s defined baseline. 
Defining the Market 
Questions 1 and 2 provide the methods used to define the commercial, industrial, and outdoor lighting market in terms of total lumen demand per year. 
Question 1: What is the market?
For purposes of this analysis, the project team considers the market to be the total lumens shipped annually to the Northwest to meet the non-residential lighting demand. The team defines the non-residential sector[footnoteRef:2] as: [2:  Note that the analysis does not model agricultural floor space separately, but the overall market efficiency mix in each year does include products shipped to agricultural facilities. ] 


· Commercial buildings 
· Industrial buildings 
· Outdoor lighting[footnoteRef:3]  [3:  Outdoor lighting includes parking lot lighting, building exterior lighting, street lighting, and outdoor lighting at stadiums and other facilities.  ] 


The analysis does not include lighting controls.
Question 2: How big is the market?
The project team characterized this non-residential lighting market size in terms of total lumen demand for each year of the analysis period. Total lumen demand is the amount of lighting needed in the market, independent of the lighting type or number of fixtures needed to provide that lighting. This analysis assumes that the total lumen demand remains the same in both the baseline and actual scenarios. 

Total lumen demand is calculated as the product of three factors: 
1. Affected Square Footage
2. Baseline Lighting Power Density (watts per square foot)
3. Baseline Efficacy (average lumens per watt)

Affected square footage includes three scenarios in which new lighting equipment is needed in a given year: new construction, system replacements and upgrades (“natural replacement”), and maintenance (replacing burnt-out lamps).  Figure 1 illustrates the approximate relative magnitude of each of these scenarios’ affected square footage using the total commercial and industrial floor space in the region. 

[bookmark: _Ref421280644]Figure 1. Types of Affected Floor Space in a Given Analysis Year
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Source: Navigant team analysis
The Navigant team estimated square footage separately for each of the three scenarios in the commercial, industrial, and outdoor segments, for each year of the analysis. New construction square footage estimates are straightforward, as all new construction square footage will require new lighting. Natural replacement and maintenance square footage estimation requires an estimate of the total existing square footage as well as an assumed turnover rate (i.e., the percentage of systems or lamps that will be replaced in any given year, based on average system/lamp lifetimes and operating hours). Table 1 summarizes the data sources and calculations for each scenario/sub-market combination. 
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	Sub-Market
	New Construction
	Natural Replacement/System Upgrades
	Maintenance

	Commercial
	7th Plan assumptions
	Estimated using 7th Power Plan assumptions of existing square footage and 6th Power Plan assumptions of system turnover rates
	Estimated using 7th Power Plan assumptions of existing square footage (excluding natural replacement square footage) divided by average lamp lifetime in years[footnoteRef:4] [4:  Individual technology lifetimes from DOE SSL General Illumination and LED Adoption Reports, weighted by mix of technologies in 2010 stock (from regional lighting model developed by Navigant for 2014 lighting standards research)] 


	Industrial
	N/A; assumed to be zero
	Estimated using EIA data on manufacturing square footage[footnoteRef:5] and the 6th Power Plan’s system turnover rate assumption for the warehouse space type [5:  The project team estimated total industrial floor space by scaling down EIA’s estimate national manufacturing floor space using US Census data on manufacturing employment nationally and in the region. 
EIA: 2006 and 2010 EIA Manufacturing Energy Consumption Survey, Table 9.1  Enclosed Floorspace and Number of Establishment Buildings; http://www.eia.gov/consumption/manufacturing/data/2010/ and http://www.eia.gov/consumption/manufacturing/data/2006/
US Census: US Census, Statistics of U.S. Businesses 2009, 2010, 2011, 2012 data sets - Sum of Manufacturing Employment in All States and for Northwest States (Idaho, Montana, Oregon, Washington)  
All sets available at: http://www.census.gov/econ/susb/historical_data.html] 

	Estimated EIA data on manufacturing square footage (excluding natural replacement square footage) divided by average lamp lifetime in years

	Outdoor[footnoteRef:6] [6:  For outdoor lighting associated with buildings. The team accounted for other exterior lighting (predominantly street lighting) by scaling down national outdoor application shipments (in watts) estimates from the 2010 DOE Lighting Market Characterization study. Scaling was done using national commercial floor space estimates from the EIA and regional commercial floor space estimates from the 6th Power Plan. ] 

	N/A: Outdoor wattage driven by sum of commercial and industrial square footage


Source: Navigant team analysis
The analysis assumes that affected square footage in each year remains constant in both the baseline and actual scenarios.
Baseline lighting power density (LPD), measured in watts per square foot, is necessary to estimate the total watts sold in the baseline scenario as well as the total lumen demand. LPD is the metric representing the 6th Power Plan’s assumptions on baseline efficacy and lighting technology mix. The 6th Power Plan assumes different LPDs for new construction/natural replacement scenarios and maintenance lamp replacement for each commercial space type. Since the 6th Power Plan did not define LPD for the industrial sector, the Navigant team adjusted the 6th Power Plan’s LPD for the warehouse space type based on the difference between ASHRAE codes for manufacturing and warehouses. The team used ASHRAE 90.1-2007 code minimum LPDs in the equation below to extrapolate 6th Power Plan assumptions to the industrial sub-market. The team chose the warehouse building type in the 6th Power Plan since high bay lighting is common in both warehouse and manufacturing spaces.

Equation 2. Industrial LPD


Table 2 summarizes the LPDs used for each type of affected floor space in the commercial and industrial sub-markets.
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	Floor Space Type
	Commercial LPD Applied
	Industrial LPD Applied
	Outdoor LPD Applied[footnoteRef:7] [7:  For outdoor lighting associated with buildings only.  ] 


	New Construction
	6th Power Plan “New” LPD
	N/A
	Exterior Watts per Interior Square foot for New Vintage in 2014 CBSA

	Natural Replacement
	
	Adjusted “New” LPD
	

	Maintenance
	6th Power Plan “Existing” LPD
	Adjusted “Existing” LPD
	Exterior Watts per Interior Square foot for Existing Vintage in 2014 CBSA


Source: Navigant team analysis
The team then multiplied the total affected floor space by the selected LPD for each sub-market and floor space type to estimate the total watts shipped in the baseline scenario. The watts shipped and LPD of the floor space are specific to the baseline scenario, but affected square footage is constant for both the baseline and actual scenarios.  

The outdoor LPD in Table 2 only accounts for outdoor lighting associated with buildings. For outdoor lighting not associated with buildings (namely street lighting), the team scaled down national outdoor lamp shipments using the Northwest share of commercial floor space.[footnoteRef:8]  [8:  National shipments source: 2010 DOE Lighting Market Characterization Study, Tables 4.27 and 4.28. National floor space: EIA 2011. Northwest floor space: 6th Power Plan. ] 

Figure 2 presents a schematic flow diagram of the calculation of total watts shipped in the baseline scenario for the commercial sub-market. 

[bookmark: _Ref421208564]Figure 2. Calculation of Watts Shipped for the Baseline Scenario (Commercial only)


Source: Navigant team analysis
The team estimated watts shipped separately for new construction/natural replacement and maintenance lamps in the commercial and industrial sectors, then summed those estimates (along with an estimate of the total non-building exterior watts, calculated separately) to estimate total annual watts shipped in the baseline scenario. The total annual watts shipped in the baseline scenario is used in the calculation of total baseline energy consumption in Question 3, as well as multiplied by the baseline efficacy to determine total lumen demand as discussed next. 

Baseline efficacy, measured in lumens per watt, is the average efficacy of lighting wattage shipped each year, based on a calculated 2009 baseline and frozen across the remaining years of the analysis. The baseline efficacy is based on DOE lamp and ballast rulemakings’ data on typical system efficacies weighted by the actual sales mix of different system types as indicated in the distributor lighting sales data. The team first calculated efficacy for the actual market scenario from 2010 – 2014 using distributor sales data and the analysis described in detail in Question 4. The team estimated that products sold in 2009 were most representative of products installed and in operation in 2010, the first year of the 6th Power Plan. The team thus sought to “backcast” an estimate of the actual 2009 average sales efficacy from the 2010 – 2014 results.[footnoteRef:9]  [9:  Since there were not significant changes in standards or program activity during the 2010-2012 analysis period, the team used a linear backwards extrapolation to estimate 2009 efficiency levels in the market.] 


Finally, the total lumen demand (i.e., market size) is calculated by multiplying the total watts shipped in the baseline scenario by the baseline efficacy (lumens per watt). 
Estimating Total Market Savings
Question 3: What was the energy use in the market when the Power Plan was written?
The amount of energy used by non-residential lighting in a given year depends on three factors: the size of the market at that time (in lumens, defined above in Question 2), the efficacy of lighting products entering the market at that time (in lumens per watt, defined above in Question 2) and the operating characteristics of that lighting (e.g., operating hours, HVAC interactions, etc. provided by the 6th Power Plan). 

To convert the watts shipped (MW) in the baseline scenario to annual energy consumption in aMW, the project team used the following equation:

Equation 3. Lighting Consumption (aMW) for the Baseline Scenario


Where:
Table 3. Inputs to Convert New Watts Shipped to aMW for the Baseline Scenario
	Input
	Value
	Description

	MW baseline
	Variable
	Millions of Watts shipped in the baseline scenario (defined in Question 2)

	Hours
	4,062
	Weighted average operating hours for non-residential lighting (defined in the 6th Power Plan)

	HVAC Interactive Factor
	0.998
	Weighted average interactive factor accounting for electric heating and cooling benefits and penalties (defined in the 6th Power Plan)

	Busbar Factor
	1.09
	Accounts for transmission losses to reflect savings at generation (defined in the 6th Power Plan)


Source: Navigant team analysis
Question 4: What is the energy use in the market now?
The project team used the same equation for calculating the lighting consumption in the actual market scenario, substituting watts shipped in the actual market scenario for watts shipped in the baseline market scenario. All other input values remained constant across both scenarios.

[bookmark: _Ref421223009]Equation 4. Lighting Consumption (aMW) for the Actual Market Scenario


The actual watts shipped are calculated by multiplying the total lumen demand by the actual market efficacy. The team estimated actual market efficacy for each year of the analysis based on market share data from the regional lighting stock model and distributor sales data as well as efficacy data from DOE and other secondary sources. The analysis steps for calculating actual market efficacy from lighting sales data in each year are as follows:


· Step 1. Characterize the efficacy of lamp-ballast systems (Linear fluorescent and HID systems only). The project team used data from the most recent Department of Energy (DOE) lamp and ballast rulemakings to detail the typical system efficacy characteristics for all lamp-ballast combinations likely found in commercial and industrial buildings.[footnoteRef:10]  [10:  Data from the 2009 General Service Fluorescent Lamp DOE rulemaking and from the 2011 Fluorescent Ballast DOE rulemaking will be referenced. Navigant was the lead DOE contractor on many technical analyses for these rulemaking processes.] 


Output: A data table including detailed characteristics for all practical combinations of lamps and ballasts including ballast type, lamp length, wattage, and quantity of lamps per fixture, available for installation each analysis year

· Step 2. Roll up sub-type characteristics to produce a representative efficacy for each technology and lamp type. The project team rolled up the detailed lamp sub-type data into a single weighted-average efficacy for lamp type (T8, T5, etc) and for each of the five lighting technology groups: Linear fluorescent, HID, LED, incandescent and halogen, and compact fluorescent. This roll up included, among others, analysis of the impact of various ballast systems, varieties in LED efficacy, and lamp counts per linear fluorescent fixture. For example, the linear fluorescent category has the following underlying weights: 
· Weights for individual lamp types: T8, T5, and T12
· Weights for individual lamp sub-types: i.e., 25W T8, 28W T8, 700 Series 32W T8, 800 Series 32W T8
· Weights within lamp sub-types for ballast efficiency shares and lamp counts per linear fluorescent fixture
For a diagram of the lamp sub-type roll up steps, see Appendix B. 

Output: Representative efficacy for each technology type.

· Step 3. Weight the technology-level efficacy data to reflect each technology’s share of the market. The project team used shipment estimates from the regional lighting stock model to estimate the distribution of sales by technology for the entire region.[footnoteRef:11] This model, built to estimate the impacts of lighting standards on regional sales, referenced the distributor sales data collected as part of this assignment, as well as DOE rulemaking shipment data. The team also checked the mix of technology in this stock model against the latest CBSA results to ensure consistency. The team then weighted the representative efficacy value for each lamp type using this distribution of sales, to calculate a single weighted-average efficacy value to represent all lamp sales in each year. [11:  “Non-Programmatic Savings from Appliance Standards,” Internal BPA report. August 15, 2014. ] 


Output: A single weighted-average actual market efficacy value for each year of analysis.

The team then multiplied the total lumen demand (as calculated in Question 2) by the actual market efficacy (watts per lumen) to estimate the total actual market watts sold (MWactual) needed in Equation 4 to estimate total actual energy consumption. Finally, the team subtracted the total actual energy consumption from the baseline energy consumption to estimate total market savings. 


Estimating Total Market Savings
Question 5 provides information on the final variable in the momentum savings equation: program savings.
Question 5: What are the program savings in the market?
Momentum savings, by definition, exclude electricity savings achieved through efficiency programs in the region. The Navigant team obtained estimates of programmatic savings from program data provided by BPA, NEEA, ETO, and non-BPA utilities. However, to subtract these programmatic savings from the total market savings, both values must be measured from the same baseline. This is not always the case for lighting due to the following conditions: 

· Most lighting programs claim savings from a pre-condition baseline: energy savings are calculated as the difference between the new system and what was previously installed. 
· Since the 6th Power Plan models natural turnover with average market efficiency levels for new systems, the 6th Power Plan baseline is in effect a current practice baseline: energy savings above the 6th Power Plan baseline are calculated as the difference between the new system and the market average alternative product. 

The result of this baseline discrepancy is that the program savings to be subtracted out of total market savings in the momentum savings calculation will be smaller than the program-reported savings, because they are measured against a higher baseline. 

The Navigant team determined how to adjust the program-reported savings to a current practice baseline by estimating the difference between 1) the baseline efficacy as estimated for 2009 in Question 2 above (i.e., a current practice baseline) and 2) the average efficacy implied in the 2009 CBSA stock mix (a proxy for the pre-condition baseline). The project team approximated the pre-existing condition baseline efficacy for programs using the 2009 CBSA stock mix of T8 and T12 linear fluorescents and the estimated average efficacies of each technology in 2009. The team then used this average pre-existing condition baseline for linear fluorescent (the bulk of program savings) to determine the share of program savings that accrued above and below the Council baseline. The team removed the portion of program savings below the Council baseline to calculate the final program savings needed in the momentum savings calculation.
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Appendix A. Schematic Summary of Methodology 
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Source: Navigant team analysis 
Appendix B. Schematic Summary Market Efficacy Calculation


Source: Navigant team analysis
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