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[bookmark: _Toc427572628][bookmark: _Toc434327789]Executive Summary
This memo describes the results of the research team’s technical estimation of Momentum Savings from residential air source heat pumps in the Pacific Northwest region between 2010 and 2014. 
Methodology
The methodology for estimating Momentum Savings follows the four question framework:
1) What is the market? The research team defined the market for this analysis as newly installed ducted air source heat pumps in single family and manufactured homes. The geographic scope of the market is Regional Technical Forum (RTF) heating zones 1, 2, and 3 in the Northwest region.
2) How big is the market? The research team defines the annual market size as the number of HVAC units sold per year, for each year of the analysis (2010-2014). The team determined the market size using a stock turnover model calibrated to Air-Conditioning, Heating, and Refrigeration Institute (AHRI) regional sales data. 
3) What are the total market savings? Total market savings are equal to the difference between baseline consumption and actual consumption. The research team calculated baseline consumption using the Sixth Plan baseline, annual market size, and HVAC unit energy consumption (UEC) values from energy modeling. The team calculated actual consumption using the same approach, substituting Sixth Plan baseline efficiencies for HVAC efficiency values from sales data. 
4) What are the program savings? Momentum Savings, by definition, exclude electricity savings achieved through efficiency programs in the region. The research team developed estimates of programmatic savings from program data provided by BPA and investor-owned utilities—recalculated against the consistent Sixth Plan baseline. The team subtracted this calculation of programmatic savings from total market savings to calculate Momentum Savings, according to Equation 1.
[bookmark: _Ref434256372]Equation 1. Momentum Savings Calculation
Momentum Savings = Total Market Savings – Program Savings


Results
Figure 1 shows the sources of total market savings, split between Momentum Savings and program savings. 
[bookmark: _Ref433967513][bookmark: _Toc434326553]Figure 1: Total Market Savings (aMW) for Air Source Heat Pumps by Source
 
Source: Navigant analysis
Driving Factors
From primary sales data collection efforts, the team learned that the relative proportion of efficient and inefficient air source heat pump sales did not significantly change over the analysis period. Therefore, the efficiency mix of units sold is not a main driver of the savings. The driving factors that determine Momentum Savings are:
1) The relative proportion of conversions vs. upgrades in the market. When an air source heat pump replaces an electric forced air furnace (a conversion) this yields much greater savings than when an air source heat pump replaces another air source heat pump (an upgrade).
2) The market size. Because program savings remain relatively constant over the analysis period, when the market size increases relative to program unit sales, Momentum Savings also increase.
3) Quality installations. For units sold into the market, the team assumes that contractors who install these units do not follow proper commissioning, controls, and sizing (CC&S) practices. If the analysis team were to find that a certain percentage of contractors in the market outside of programs actually are following proper CC&S practices, Momentum Savings could increase.
4) Program savings. Because the total market savings are split into two sources—program savings and Momentum Savings—the program savings calculations directly influence Momentum Savings results. 
Future Research Opportunities
Acknowledging that some data gaps exist in this current analysis, the team developed recommendations for future data collection and analysis that could improve the estimation of residential HVAC Momentum Savings.
1) Survey HVAC installation contractors. Installation context (upgrades vs. conversions, home type, fuel switching, CC&S practices, etc.) is the primary driver of Momentum Savings results. The team could interview HVAC installation contractors in order to obtain better information regarding these factors.
2) Enhance program savings data. Many utilities across the Pacific Northwest, including the IOUs, provided well-documented program savings data. In some cases, however, regional energy efficiency program managers were unable to provide full detailed data on their residential HVAC programs. More detailed program data would refine Momentum Savings estimates. 
3) Enhance market data. The team could collect more data from individual distributors and HVAC trade organizations to more precisely characterize the regional market size. Enhancing market data may involve establishing relationships with AHRI to obtain more context for their data, subscribing to other regional HVAC data acquisition services (e.g., HARDI), dedicating time to establishing ongoing relationships with regional distributors, or some combination of these approaches.  
4) Calculate HVAC cooling savings. This analysis concerns electric heating use. Although electric cooling is less common in the region, estimating cooling savings would increase Momentum Savings. 
The remainder of this report explains the technical details of the methodology outlined above, and presents the analysis results that led the research team to these conclusions. 

[bookmark: _Toc434327790]Introduction 
This memo describes in detail the results of the research team’s estimation of Momentum Savings from residential air source heat pumps in Bonneville Power Administration (BPA) territory and the Pacific Northwest region between 2010 and 2014.
The “Methodology and Results” section presents the research team’s detailed technical methods for estimating Momentum Savings using the Four Question Framework, and also documents the key technical decisions the research team made during the analysis. The “Driving Factors” section describes the steps the research team used to calculate the total energy consumption in the baseline and actual market scenarios (Question 3 of the Four Question Framework). It also defines the program savings achieved in the HVAC market (Question 4). Finally, the “Opportunities for Future Research” provides the research team’s recommendations for improving future estimates of Momentum Savings in the residential HVAC market. 
[bookmark: _Toc427572629][bookmark: _Toc434327791]Methodology and Results
The Four Question Framework organizes this chapter. Questions 1 and 2 define the residential HVAC market in terms of number of units installed in the marketplace each year within the product categories covered by this analysis. Questions 3 and 4 presents the methods for quantifying Momentum Savings, including calculating the total energy consumption in the baseline and actual market scenarios and defining the program savings achieved in the HVAC market. Together, the results of the Four Questions enable the research team to estimate Momentum Savings in the residential HVAC market. 
Figure 2 shows the overall calculation of Momentum Savings, including the three key components for calculating consumption for the baseline and actual market scenarios: annual market size, UEC, and efficiency mix. Note that the values for annual market size and UEC remain constant for both scenarios and the only difference will be the efficiency mix within the HVAC market. 
[bookmark: _Ref434258104][bookmark: _Toc434326554]Figure 2: Overview of Momentum Savings Methodology
[image: ]
Source: Navigant analysis

Question 1: What is the market? 
The research team defined the market for this analysis as newly installed ducted air source heat pumps in single family and manufactured homes. The defined market excludes measures that impact energy use after heat pump installation, such as improvements to building shell characteristics, HVAC distribution systems, tune-ups of existing HVAC systems, or HVAC control systems. The geographic scope of the market is Regional Technical Forum (RTF) heating zones 1, 2, and 3 in the Northwest region. The market encompasses the entire four-state Northwest region, including areas served by utilities other than BPA. 
Table 1 presents the specific set of air source heat pumps included in this analysis. These measures cover two scenarios as defined by the Council’s Sixth Power Plan (Sixth Plan): 
· Conversion measures. Newly installed air source heat pumps replacing older, less efficient technology of a different type (e.g., conversion from an electric furnace to a heat pump). 
· Upgrade measures. New air source heat pump installations that replace a less efficient technology with a more efficient version of the same type (e.g., a new air source heat pump replacing an older, less efficient air source heat pump). 

[bookmark: _Ref412035539][bookmark: _Ref415572358][bookmark: _Ref421866625][bookmark: _Ref426124897][bookmark: _Toc434326545]Table 1: HVAC Conversion and Upgrade Scenarios within Scope of Analysis
	Conversion of
	Converted to
	In the context of
	With efficiencies of

	Electric forced-air furnace w/ central air conditioning
	new air source heat pumps
	single family homes, manufactured homes
	HSPF[footnoteRef:2] 7.7/SEER 13; [2:  Heating Seasonal Performance Factor (HSPF)] 

HSPF 8.5/SEER 14;
HSPF 9.0/SEER 14;
HSPF 9.5/SEER 14;
HSPF 10.0/SEER 14;
HSPF 10.5/SEER 14;
HSPF 11.5/SEER 14
(variable capacity)

	Electric forced-air furnace w/o central air conditioning
	
	
	

	Upgrade of
	Upgraded to
	In the context of
	With efficiencies of

	Retired existing heat pump
	new air source heat pumps
	single family homes, manufactured homes
	HSPF 8.5/SEER 14;
HSPF 9.0/SEER 14;
HSPF 9.5/SEER 14;
HSPF 10.0/SEER 14;
HSPF 10.5/SEER 14;
HSPF 11.5/SEER 14
(variable capacity)


Source: Navigant analysis of Sixth Power Plan data
Key Decisions 
· The research team assumed that all HVAC units sold in the region are “lost opportunity” measures, or only those units sold to replace faulty or “burnt out” units.[footnoteRef:3] This assumption is consistent with the Sixth Plan. [3:  Lost-opportunity resources can only be technically or economically captured during a limited window of opportunity, such as when a building is built or an industrial process is upgraded.] 

· The research team did not quantify Momentum Savings from ductless heat pumps, as the Northwest Energy Efficiency Alliance (NEEA) recently undertook an effort to quantify these savings.[footnoteRef:4] [4:  For more information on NEEA’s work in this area, see https://neea.org/docs/default-source/reports/ductless-heat-pump-market-continues-to-increase-dhp-mper-4.pdf?sfvrsn=12] 

· The research team modeled the permutations of products and efficiencies where substantial distributor shipment data indicates that the product is applicable to the region. The research team’s Sales Data Results Memo explains the details of distributor shipment data, and how the data led the team to conclude that the units in Table 1 account for a significant portion of HVAC regional electricity consumption.
Question 2: How big is the market? 
The research team defines the annual market size as the number of units sold per year, for each year of the analysis (2010-2014), for each combination of: 
· HVAC unit type (as outlined in Table 1)
· Housing type (single family or manufactured homes)
The team developed a stock turnover model to determine annual market size for each of the combinations described above. Key data for this model includes distributor sales data collected by the research team, sales data provided by the Air-Conditioning, Heating, and Refrigeration Institute (AHRI)[footnoteRef:5], historical and forecast housing data from the Northwest Power and Conservation Council (the Council)[footnoteRef:6], climate zone data technology allocation data from 2011 Single Family and Manufactured Homes Residential Building Stock Assessments (RBSA)[footnoteRef:7],[footnoteRef:8], regional stock saturation data from the 1992 Pacific Northwest Residential Energy Survey (PNWRES92)[footnoteRef:9] and RBSA, and estimated measure life data from the U.S. Department of Energy (DOE) Energy Conservation Standards Rulemaking Engineering Analysis for heat pumps and furnaces[footnoteRef:10].  [5:  AHRI represents 95% of the total heat pumps sold in the region. These data are comprehensive in market coverage, but limited to the extent that the reports present aggregated data; AHRI provides sales data in terms of units sold, not capacity (tons, kW, or BTUs), and much of the data are aggregated by unit type and efficiency level. ]  [6:  Northwest Power and Conservation Council Sixth Power Plan Supply Curve Files: Residential Supply Curve Housing and Appliance Units]  [7:  ’2011 Residential Building Stock Assessment: Single-Family Characteristics and Energy Use’, NEEA, September 18, 2012]  [8:  ‘Residential Building Stock Assessment: Manufactured Homes Characteristics and Energy Use’, NEEA, January 30, 2013]  [9:  The 1992 Pacific Northwest Residential Energy Survey – Phase I, Book2: Item-by-Item Cross tabulations, Volume C: Pacific Northwest Region]  [10:  DOE Furnaces and Boilers 2007 Final Rule, Technical Support Document Chapter 8: Lifecycle Cost Analysis, Table 8.3.3 Furnace and Boiler Lifetimes Used in the LCC Analysis.] 

The team’s stock turnover model is similar to the stock turnover models developed to estimate market size for BPA’s Appliance Standards Momentum Savings project[footnoteRef:11]. As with the Appliance Standards Model, the HVAC Stock Model starts by using the 1992 and 2011 stock saturations to develop a linear trend for each technology[footnoteRef:12] and housing type. Specific to the HVAC Stock Model, the team also developed an estimate of the equipment saturation in new construction over the same time period to reflect changing preferences and availability of technology.  [11:  Available at: https://www.bpa.gov/EE/Utility/research-archive/Documents/Appliance_Standards_Report.pdf]  [12:  This includes electric forced air furnaces, gas forced air furnaces, and ducted air source heat pumps. While the savings in this analysis are derived from air source heat pumps, both types of furnaces were modeled to estimate the portion of electric forced air furnaces that were converted to ducted heat pumps.] 

The team applied these trends to the housing stock and new construction figures, respectively, to arrive at estimates of the installed stock and shipments to new construction in each year from 1980 to 2015. The models then estimate the replacement shipments and other new installations in each year of the analysis by examining how the stock turns over and how it grows[footnoteRef:13]. Stock turnover is a function of the estimated useful life of the equipment. For air source heat pumps, the team calibrated the model by changing the air source heat pump useful life so the model results would match the total shipments estimated from AHRI and distributor sales data. Figure 3 presents a comparison of the AHRI market data and the stock model estimates. As shown in the figure, the stock turnover model is calibrated to the average AHRI shipments across the analysis period. Though the model does not exactly match shipments in any given year, this calibration process provided the research team a reasonable level of confidence that the stock turnover model effectively represents reality. [13:  If, in a given year, the installed stock grows by more than the number of units shipped to new construction, the model assigns this growth in units to the existing housing stock. ] 

[bookmark: _Ref426636667][bookmark: _Toc434326555]Figure 3: Comparison of AHRI Market Data and Stock Turnover Model Output

Source: Navigant analysis of AHRI data, using results of the Stock Turnover Model
The model assumes that HVAC equipment is shipped, put into service, and remains in the installed stock for its estimated useful life after which it is retired and replaced. Whether or not each system is replaced with a similar piece of technology is a function of the stock saturation’s trajectory, with the assumption that if stock is growing, like technology is replaced with like technology, and if it is shrinking, some fraction of retired systems are replaced with a different technology. 
An upgrade occurs when ducted heat pumps are retired and replaced with a new ducted heat pump. A conversion occurs when electric forced air furnaces (FAF) are retired and replaced with either a ducted heat pump or a gas forced air furnace. To determine which technology is replacing electric forced air furnaces, the team determined the total electric forced air furnace conversions and subtracted out the portion that the team estimated converted to gas. The team based this estimate on the rise of gas forced air furnace saturation in existing homes.
The estimated number of ducted heat pump upgrades and conversions from electric forced air furnaces to ducted heat pumps in each year of the analysis period (2010 – 2014) were then imported into the HVAC Momentum Savings model where they were combined with unit energy consumption (UEC) data from the residential Simplified Energy Enthalpy Model (SEEM) weighted by climate zone allocations from RBSA. See Figure 4 for the estimates of ducted heat pump upgrades and conversions in single family and manufactured homes in each year of the analysis. 
The analysis results presented in Figure 4 indicate that, on a percentage basis, there are many more conversions in the manufactured home context relative to the single family context. This is primarily due to the higher prevalence of electric forced air furnaces in manufactured homes. However, in absolute terms, there are significantly more shipments in both categories in the single family sector, due to the larger market size for single family homes in the region. The number of upgrades in manufactured homes increases over the analysis period, driven by an increase in the saturation of air source heat pumps in these homes. Note that within each home type, the percentage of conversions and upgrades sum to 100% in each year, indicating that all air source heat pump shipments can be characterized as either a conversion or upgrade. 
[bookmark: _Ref302466838][bookmark: _Toc434326556]Figure 4: ASHP Installed as Conversions or Upgrades by Home Type
 
     Source: Navigant analysis using results of the Stock Turnover Model
Key Decisions
Key decisions made by the research team while developing the stock turnover model include the following: 
· Adjust AHRI estimates of market size to reflect a portion of ducted heat pumps sold into multifamily and small commercial applications. The analysis team received data from AHRI representing all sales in the heat pump market, regardless of where end users ultimately installed the heat pumps. DOE analysis indicates that 93% of heat pumps are installed in residential locations, and seven percent are installed in small commercial buildings[footnoteRef:14]. The analysis team assumed that three percent of the residential heat pumps are installed in multifamily contexts (such as attached townhomes), leaving 90% of all AHRI sales installed in homes of interest (single family and manufactured homes).  [14:  Department of Energy. 2011-06-08 Furnace and Central Air Conditioners and Heat Pump National Impact Analysis Spreadsheet (Energy Efficiency) and Furnace Installation Analysis Worksheet http://www.regulations.gov/#!documentDetail;D=EERE-2011-BT-STD-0011-0011] 

· Calibrate the ducted heat pump model shipments to the adjusted AHRI data by changing the measure life. The overall number of shipments in a given year is the sum of shipments to new construction, system conversions, and replacements of existing stock. The number of replacements in any year is a function of the estimated useful life of the equipment – following the logic that a shorter useful life increases annual replacements as the stock turns over more frequently. The team calibrated the model by changing the useful life of ducted heat pumps such that the total sales from 2010 to 2014 matched the total sales in the same period as estimated using the AHRI data. The team opted for one aggregate calibration in lieu of year-to-year adjustments for the sake of simplicity, recognizing the natural variability in sales data.
· Model HVAC equipment at the housing sector level in the stock model, then allocate the stock and shipments to each climate zone in the HVAC Momentum Savings model. The team first explored developing individual stock turnover models for the equipment in each climate zone. The primary vs. secondary classification issue in RBSA complicated the issue, resulting in different overall numbers of ducted heat pumps depending on if RBSA classified them as primary heating/cooling equipment or secondary heating/cooling equipment. The selected approach remedies this issue.
· Include all heat pumps, regardless of primary/secondary classification. Based on a thorough review of RBSA data, there appear to be two types of ‘secondary’ heat pumps: those where people assert they primarily heat with wood, and those that are ‘secondary’ to another heat pump (e.g. if a house has zonal heating/cooling). The team identified 20 secondary units in the RBSA data set, 15 of which were secondary to wood and five of which were secondary to other heat pumps. In discussing this with David Baylon of Ecotope (a primary author of the RBSA), the team believes the latter arrangement essentially behaves like a primary heat pump and so should be counted as one unit, and the former is a negligible quantity. Furthermore, the analysis is simulating the HVAC UEC values using the RTF Phase I and Phase II SEEM calibrations, which account for the interaction between wood heat and electric heat. 
· Develop forecasts for new construction saturations of each technology separate from the forecasts of stock saturations. This analysis sought to improve upon previous stock turnover modeling methodologies, which made the simplifying assumption that new construction saturation was equal to stock saturation. The team knows this to not be true as the very nature of increasing stock almost assuredly requires higher saturation in new construction. The team opted to develop independent estimates of new construction saturations because this subtle change in methodology has profound impacts on the balance of upgrades and conversions.
· Assume the electric forced air furnace conversions transition to either gas forced air furnaces or to ducted heat pumps. Earlier iterations of this analysis assumed that retirements of electric forced air furnaces, which were not replaced by another forced air furnace, constituted a conversion to a ducted heat pump. In actuality, they may be converted to gas forced air furnaces, ducted heat pumps, or other technologies entirely. For the simplicity of modeling, the team assigned conversion of electric forced air furnaces to either gas forced air furnaces or ducted heat pumps as these represent the two dominant heating technologies, which leverage existing duct infrastructure in homes.
[bookmark: _Ref423609203]After defining the scope of the analysis (Question 1) and estimating market size (Question 2), the research team calculated the total market savings (Question 3). 
Question 3: What are the total market savings?
Total market savings are equal to the difference between baseline consumption and actual consumption. Questions 3a and 3b enable the estimation of total market savings by calculating the total energy consumption for both the baseline and actual market scenarios, respectively. 
Question 3a: What was the energy use when the Power Plan was written?
The research team estimated baseline consumption using four inputs: 
· Annual market size (estimated previously in Question 2)
· HVAC UEC for each HVAC measure combination included in Table 1
· Baseline efficiency mix (the share of total sales occurring in each efficiency level as assumed by the Sixth Plan)
· Climate zone (geographic heating zones 1, 2, or 3 as established by the [RTF])
The research team estimated the HVAC UEC values using the residential SEEM. The team modeled UEC estimates separately for each efficiency level of a given measure.[footnoteRef:15]  [15:  SEEM, written by Ecotope, was developed by and for the Council and NEEA. SEEM is used to estimate conservation measure savings for regional energy utility policy planners.] 
Estimating Measure-Level UEC
The following steps illustrate an example of the UEC modeling using an air source heat pump (ASHP) HSPF 8.5 HVAC type/efficiency combination.
1. Set up the SEEM model. The team assumes all ASHP units shipped in the market are installed in the typical home scenarios of the SEEM model (192 for single family homes, 321 for manufactured homes).
2. Run the SEEM model. The team runs a SEEM simulation for each of the applicable characteristic homes, using the same HVAC unit type/efficiency combination (in this case, ASHP HSPF 8.5). 
3. Apply characteristic home weights. The characteristic home weights indicate the region-wide prevalence of each of the typical homes, as determined by the RBSA. This will develop a weighted UEC for ASHP HSPF 8.5 in a composite home, which is the weighted average UEC of all homes in the region. 
4. Apply climate zone weights. The team applies the RTF established climate zone weights by home to each of the SEEM scenarios. This results in the typical UEC of an ASHP HSPF 8.5 in a single composite home in each climate zone. Subsequent application of climate zone weighting factors generates regional UEC values for the ASHP HSPF 8.5 unit. 


The research team used a multi-step process to develop UEC values that accurately reflect the diversity of home types and climate zones in the Northwest region. The single-family SEEM model used 192 different “characteristic scenarios” developed by the RTF from RBSA data that represent typical homes in the region.[footnoteRef:16] Each scenario is a different energy simulation, which resulted in a new UEC output. The research team simulated all scenarios for all units listed in Table 1. The team then applied home characteristic and climate zone weighting factors to SEEM model results in order to arrive at an estimated UEC for each HVAC efficiency in each climate zone, as well as region-wide weighted UECs. See the text box titled “Estimating Measure-Level UEC” for an illustration of how the research team used the SEEM model to estimate UEC for a specific efficiency level.  [16:  192 is the maximum number of applicable models. For certain HVAC units only a subset of the models were applicable. For example, no model with electric baseboard heat was used to simulate heat pump savings, since that would imply a case of switching from decentralized to centralized heating. The same approach was used for manufactured homes, except there are 321 distinct models in that case. ] 

Figure 5 shows the UEC for single family homes converting from electric FAF to air source heat pump (ASHP) as an example output from this process. Figure 5 compares the UEC values in each climate zone by unit type and efficiency and shows the relative energy consumption between unit types and climate zones. Table 2 presents the discreet UEC values displayed in Figure 5. Note that there is a large difference between FAF UEC and ASHP UEC, signifying that a conversion saves significantly more energy than an upgrade. This is a main driver of the analysis results, discussed further below. 
[bookmark: _Ref426647586][bookmark: _Ref426649758][bookmark: _Toc434326557]Figure 5: UEC Values (kWh/yr.) for Single Family Homes Eligible for Conversions, by Efficiency Level and Climate Zone

Source: Navigant analysis using SEEM 97 and RBSA data
[bookmark: _Ref433905568][bookmark: _Toc434326546]Table 2: UEC Values (kWh/yr.) for Single Family Homes Eligible for Conversions, by Efficiency Level and Climate Zone
	Single Family Homes - Conversions

	Heating Zone
	HZ 1
	HZ 2
	HZ 3
	PNW Region

	Electric FAF
	12,306
	15,105
	20,426
	13,983

	 HSPF 7.7 
	6,720
	9,851
	11,709
	8,180

	 HSPF 8.5 
	6,307
	9,391
	11,244
	7,747

	 HSPF 9.0 
	6,144
	9,241
	11,099
	7,590

	 HSPF 9.5 
	5,984
	9,101
	10,965
	7,439

	 HSPF 10.0 
	5,827
	8,967
	10,843
	7,293

	 HSPF 10.5 
	5,673
	8,841
	10,730
	7,151

	 HSPF 11.5 
	5,371
	8,609
	10,530
	6,881


Source: Navigant analysis using SEEM 97 and RBSA data
The research team then used the UECs to calculate baseline consumption according to the assumed baseline efficiency mix as documented in the Sixth Plan. The efficiency mix is the distribution of sales across the spectrum of least efficient (code minimum) to most efficient (highest efficiency in the market). The Sixth Plan assumed the following baseline efficiency mixes: 
· Conversions: 85% of the natural retirements of electric forced air furnaces are replaced with the same type of electric forced air furnace, 10% are converted to HSPF 8.5 air source heat pumps, and 5 percent are converted to HSPF 9.0 air source heat pumps[footnoteRef:17] [17:  In other words, the Sixth Plan assumes a “current practice” baseline where 15% of forced air furnaces are replaced with heat pumps when they wear out, but the remaining 85% are not converted to a different technology.] 

· Upgrades: 85% of the natural retirements of air source heat pumps are replaced with HSPF 7.7, 10% HSPF 8.5, and 5 percent HSPF 9.0 (all air source heat pumps)
Using this information and the total market size from Question 2, the team calculated the number of units in each efficiency tier within the total market. These results are show in Figure 6, aggregated by housing type (single family and manufactured) and installation type (conversions and upgrades). The units sold increases over the analysis period as a function of the growth in market size. The relative portion of units in each efficiency tier (the efficiency mix) remains consistent across all years for the base case.
[bookmark: _Ref426649908][bookmark: _Toc434326558]Figure 6: Total Units Sold by Efficiency Level – Base Case
 
Source: Navigant analysis of Sixth Power Plan Data
Finally, the research team estimated the baseline consumption for each year of the analysis by multiplying the annual market size by the weighted UEC estimate as shown in Equation 2. 
[bookmark: _Ref302552836]Equation 2. Baseline Consumption Calculation, by Building Type and HVAC type
Baseline Consumption = Market Size x UEC Weighted by baseline efficiency mix
Using this equation, the team calculated the baseline total market consumption in each year, shown in Table 3. The baseline consumption increases over the analysis period as a function of the growth in market size.
[bookmark: _Ref433905633][bookmark: _Ref426636671][bookmark: _Ref426636657][bookmark: _Toc434326547]Table 3: Baseline Market Consumption by Year (aMW)
	2010
	2011
	2012
	2013
	2014

	62.4
	69.0
	70.4
	73.8
	76.2


   Source: Navigant analysis of Sixth Power Plan Data and results of the Stock Turnover Model
Key Decisions
Key decisions made by the research team which impact the baseline consumption include the following:
· The team used the SEEM modeling platform to develop UEC values, as it is well-vetted by the RTF and applied widely throughout the Northwest region.
· The team followed the RTF approach for developing regional building characteristics from the RBSA as inputs to SEEM. The team also remained consistent with the RTF approach for weighting the results of these model runs, as these weights have been applied to other analyses conducted by the RTF in the region. 
· The team used the RTF-approved SEEM calibration multipliers to discount the results of the SEEM models[footnoteRef:18].  [18:  The Phase 1 and Phase 2 calibration multipliers were developed after extensive analysis and discussion by members of the RTF to account for observed discrepancies between residential billing analyses and SEEM outputs. These calibration multipliers “true up” the results of SEEM to be more reflective of actual residential energy consumption data in the region. ] 

· The team did not use the exact UEC values from the Sixth Plan. Instead, the team applied the Sixth Plan efficiency mixes to new UEC values, which were calculated using the updated version of SEEM (SEEM 97). 
Question 3b: What was the energy use in the following years?
Actual consumption is calculated using the same basic equation as in the baseline consumption calculation. The only factor that varies between the two calculations is the actual efficiency mix, estimated using sales data from distributors. The actual consumption calculation uses the estimate of annual market size calculated in Question 2 and the UEC calculated in Question 3a. In the actual market scenario, the team weights the UEC for each measure by the actual efficiency mix as estimated in this step of the analysis. Figure 7 and Figure 8 show the relevant market data that informed this analysis, as well as the number of distributors and unit counts for each year. Note that the number of distributors and unit counts increase in recent years, due to better data availability from distributors. 
[bookmark: _Ref426637071][bookmark: _Toc434326559]Figure 7: Residential Split System Air Source Heat Pump Sales by HSPF Category
[bookmark: _GoBack]
Source: Navigant analysis of distributor reported sales data
[bookmark: _Ref426638455][bookmark: _Toc434326560]Figure 8: Average Heating Efficiency of Residential Split System Air Source Heat Pumps

[bookmark: _Ref426637166]Source: Navigant analysis of distributor reported sales data
The research team estimated the actual efficiency mix for each year of the analysis using these distributor sales data. The team extrapolated information known about part of the market to the entire market. Depending on the year, the team surveyed between 2% and 45% of the total estimated market (Table 4) The results of the analysis were estimates of the percentage of all HVAC units sold at each efficiency level across the spectrum of least efficient (code minimum) to most efficient (highest available efficiency). The research team multiplied these percentages (collectively known as the actual efficiency mix) by the UEC estimation from Question 3a to create a single, weighted average UEC estimate for all HVAC units sold in the actual market scenario. 
[bookmark: _Ref433888864][bookmark: _Toc434326548]Table 4: Estimated Portion of Market Represented by Distributor Surveys
	Total Units Shipped (AHRI and Stock Model)
	37,140
	39,012
	40,650
	42,478
	43,504

	Total Units Surveyed (Distributor Surveys)
	648
	4,122
	4,172
	16,798
	19,475

	Estimated Portion of Market Surveyed (%)
	2%
	11%
	10%
	40%
	45%

	Number of Distributor Companies Reporting
	1
	3
	4
	5
	5



Figure 9 shows the normalized air source heat pump efficiency distributions, for all efficiency tiers, derived from distributor shipment data. The majority of units are in the two lowest efficiency tiers (HSPF 7.7 and 8.5), and the relative proportions of shipments in each tier do not vary significantly over time. Figure 10 shows the same data for the higher efficiency tiers at or above HSPF 9.0. While the data do show some variability at this level of detail, the research team concluded that this variance may not represent real significant market trends, as four out of five distributors surveyed were unable to provide data spanning the entire analysis period. 
[bookmark: _Ref426636924][bookmark: _Toc434326561]Figure 9: Actual Market Efficiency Mix of Air Source Heat Pumps – Upgrade Case
 
Source: Navigant analysis of distributor reported sales data
[bookmark: _Ref433897511][bookmark: _Toc434326562]Figure 10: High Efficiency Air Source Heat Pumps as a Percentage of Total Market Shipments – Upgrade Case

Source: Navigant analysis of distributor reported sales data
The upgrade scenario represents a homogeneous market (e.g. ASHP replacing other ASHP), so the team applied the efficiency distributions to the ASHP market size at face value. To represent the efficiency distribution in the conversion case, the research team needed to estimate the size of the natural replacement market for electric forced air furnaces, and assume that a certain percentage of forced air furnaces are not being converted to air source heat pumps. Of those not being converted to air source heat pumps, they are replaced by the same type of electric forced air furnaces, or converted to gas forced air furnaces (and are removed from consideration in this analysis). The team derived these percentages by comparing the market size for electric forced air furnaces and air source heat pumps, as calculated by the calibrated stock turnover model (described in more detail under Question 2). This analysis, shown in Figure 11, indicated that 70% to 85% of forced air furnaces retiring in any given year are not converted to heat pumps. The team believes that the growth in electric forced air furnace to air source heat pump conversions between 2010 and 2012 is due to economic recovery from the recession in 2009. 
[bookmark: _Ref426641405][bookmark: _Toc434326563]Figure 11: HVAC Unit Types Estimated to be Replacing Forced Air Furnaces in Single Family Homes

Source: Navigant analysis using results of the Stock Turnover Model
[bookmark: _Ref426650151]The team determined the electric forced air furnace contribution to the efficiency mix as the number of electric forced air furnaces shipped each year, divided by the total electric market size. The total electric market size is the sum of the forced air furnaces not converted to a different unit type (E-FAF to E-FAF), and those that converted to other electric heat (E-FAF to ASHP Conversions). Therefore, the gas units are not considered when developing the efficiency mix. Figure 12 shows the actual market efficiency mix for the conversion scenario, a portion of which remains electric FAF. The majority of units are replaced with new forced air furnace (i.e., are not converted). Of those that are converted, most are converted to air source heat pumps in the lower efficiency tiers (HSPF 7.7 and 8.5). The team believes that the relative proportion of conversions increases between 2010 and 2012 because of economic recovery after the 2009 recession. Figure 13 shows the same data for the higher efficiency tiers at or above HSPF 9.0. While the data does show some variability at this level of detail, the research team concluded that this variance may not represent real significant market trends, as four out of five distributors surveyed were unable to provide data spanning the entire analysis period.
[bookmark: _Ref302465793][bookmark: _Toc434326564]Figure 12: Actual Market Efficiency Mix of Forced Air Furnaces and Air Source Heat Pumps – Single Family Conversion Case
  
Source: Navigant analysis of distributor reported sales data
[bookmark: _Ref433898096][bookmark: _Toc434326565]Figure 13: High Efficiency Air Source Heat Pumps as a Percentage of Total Market Shipments – Single Family Conversion Case

Source: Navigant analysis of distributor reported sales data

Finally, the research team estimated actual consumption for each year of the analysis by multiplying the annual market size by the actual efficiency mix-weighted UEC estimate as shown in Equation 3. Table 5 shows the results of this calculation.
[bookmark: _Ref302466040]Equation 3. Actual Consumption Calculation, by Building Type and HVAC type
Actual Consumption = Market Size x UEC Weighted by actual efficiency mix
[bookmark: _Ref433905798][bookmark: _Toc434326549]Table 5: Actual Market Consumption by Year (aMW)
	[bookmark: _Ref426650305]2010
	2011
	2012
	2013
	2014

	59.7
	65.5
	66.3
	69.8
	71.9


Source: Navigant analysis of distributor reported sales data and results of the Stock Turnover Model calibrated to AHRI data.
Key Decisions
The research team made one key decision when analyzing distributor sales data: some distributors only provided data for a subset of years in the analysis period. Therefore, the analysis team used the trends present in the data provided by each distributor to project sales by efficiency forward or backward to smooth trends and fill gaps in the data. Table 4 provides annual detail on the number of distributors reporting, the number of shipments reported by all distributors, and the portion of the total market surveyed.
Total Market Savings
To conclude the analysis in Questions 3a and 3b and arrive at total market savings, the team calculated the difference between baseline consumption and actual consumption as shown in Equation 4.
[bookmark: _Ref433659215]Equation 4. Total Market Savings Calculation
Total Market Savings = Actual Energy Consumption – Baseline Energy Consumption

Figure 14 shows the baseline and actual market consumption, calculated in Questions 3a and 3b on the primary axis, and the total market savings on the secondary axis. Total savings increase over time, primarily driven by growth in the market. The relative difference between baseline and actual market consumption does not change significantly over time. The implication is that growth in the total market size, rather than increasingly efficient mix of air source heat pumps, increases total market savings over time.
[bookmark: _Ref426642387][bookmark: _Toc434326566]Figure 14: Baseline Market Consumption, Actual Market Consumption, and Total Market Savings (Secondary Axis) in aMW
  
Source: Navigant analysis of Sixth Power Plan data, distributor reported sales data, and results of the Stock Turnover Model
[bookmark: _Toc421868624][bookmark: _Toc426118679]The final step in the analysis is determining the regional program savings relative to the Sixth Plan baseline.
Question 4: What are the program savings?
Question 4 concerns the final variable in the Momentum Savings equation: program savings. Momentum Savings, by definition, exclude electricity savings achieved through efficiency programs in the region. The research team developed estimates of programmatic savings from program data provided by BPA and investor-owned utilities. 
However, to subtract these programmatic savings from the total market savings, the team first measured both values against the same baseline. Regional program administrators report program savings measured against customized baselines from local evaluations or RTF deemed savings values. These baselines are constantly changing over time, and vary throughout the analysis period. In contrast, the total market savings analysis described above measures savings against the Sixth Plan baseline—a fixed baseline that often differs from those baselines used to evaluate program savings. For this reason, we cannot use program savings as-reported without first recalculating the program savings against the Sixth Plan baseline. To accomplish this, the analysis used measure counts from the program data[footnoteRef:19] and UEC values as defined in Question 3 to estimate programmatic savings against the Sixth Plan baseline, consistent with the estimation of total market savings.  [19:  The research team requested detailed program participation data, including fields for HVAC unit type, building type, and unit quantity for units incentivized directly through regional utility programs from 2010-2014. Where there were gaps in the program data from investor-owned utilities (IOUs), the team applied assumptions based on BPA program data to the missing IOU program data. The team structured the analysis such that new IOU data can be easily incorporated as it becomes available.] 

The research team calculated program savings for each efficiency level by subtracting the actual UEC for that efficiency level (as calculated from program unit efficiencies) from the baseline efficiency mix-weighted UEC (from the Council baseline), then multiplying the result by the total number of program measures. This is the same procedure used to calculate total market savings under Question 3, except the team substituted program unit quantities as the “market size”. Furthermore, consistent with the Sixth Plan, the team assumed that any conversion facilitated by the program would have an 85% chance of not converting without the influence of the program. Figure 15 shows the results of this analysis, separated into BPA program savings and other Investor Owned Utility (IOU) program savings. 
[bookmark: _Ref426645065][bookmark: _Toc434326567]Figure 15: Program Savings by Year (MWh)

Source: Navigant analysis of BPA and IOU HVAC program savings data
Key Decisions
Key Decisions made by the research team include the following:
· Because each IOU uses a different baseline to report program savings, the team decided that the best way to measure program savings against the Council baseline would be to collect data on unit type, quantity, installation context, and efficiency level, and re-calculate program savings using the SEEM UEC values derived from Question 3.
· Lacking a reliable source of data on IOU program activity, the research team decided to survey IOU representatives to request the appropriate data to determine regional program savings. While there were still gaps in the data received from IOU program administrators, these data proved sufficient to calculate savings from this analysis. 
Calculating Momentum Savings—The Results
Momentum Savings are equal to the difference between total market savings and program savings as shown in Equation 5. The total market savings encompass the entire four-state Northwest region, including areas served by utilities other than BPA. Likewise, program savings include all programs in the region, not only BPA programs. 
[bookmark: _Ref302641714]Equation 5. Momentum Savings Calculation
Momentum Savings = Total Market Savings – Program Savings
Figure 16 shows the sources of total market savings, split between Momentum Savings and program savings. Table 6 shows the two sources of total market savings in average megawatts (aMW) and as a percent of total market savings. 
[bookmark: _Ref426649235][bookmark: _Toc434326568]Figure 16: Sources of Total Market Savings (aMW) for Air Source Heat Pumps
  
Source: Navigant analysis
[bookmark: _Ref433901525][bookmark: _Toc434326550]Table 6: Sources of Total Market Savings (aMW and % of Total Market Savings)
	
	2010
	2011
	2012
	2013
	2014

	Program Savings (aMW)
	1.26
	1.61
	1.39
	1.47
	1.12

	Momentum Savings (aMW)
	1.43
	1.81
	2.74
	2.52
	3.19

	Program Savings (% of Total Market)
	47%
	47%
	34%
	37%
	26%

	Momentum Savings (% of Total Market)
	53%
	53%
	66%
	63%
	74%


Source: Navigant analysis
[bookmark: _Toc434327792]Driving Factors
Throughout the analysis, the research team identified several significant uncertainties that have a large effect on the analysis results, as well as potential future actions to address the uncertainties. This section describes the key factors that drive Momentum Savings for residential HVAC, and discusses the model’s remaining uncertainties. 
Conversions vs. Upgrades
The number of ASHP units installed as conversions from electric forced air furnaces, relative to upgrades from other ASHP is a main driver of Momentum Savings, and one of the largest uncertainties in the analysis. A conversion from an electric forced air furnace to a heat pump yields much greater savings than an upgrade from a less efficient heat pump to a more efficient heat pump. As shown back in Figure 5, there is a large decrease in UEC between FAF and ASHP, but only incremental decreases in UEC between lower efficiency ASHP and higher efficiency ASHP. Figure 17 shows the sensitivity of Momentum Savings to this assumption.
[bookmark: _Ref426647699][bookmark: _Toc434326569]Figure 17: Momentum Savings as a Function of the percentage of ASHP Units Installed as Conversions (aMW) 
 
         Source: Navigant analysis
The team determined the number of conversions and upgrades based on assumptions about electric FAF and ASHP stock saturations, derived from RBSA and the 1992 Pacific Northwest Residential Energy Survey (PNWRES92)[footnoteRef:20] data. Specifically, the team assumed diminishing saturation of electric FAF indicated a conversion to ASHP. This simplifying assumption does not account for scenarios of switching from decentralized to centralized HVAC systems, installing ASHP as a secondary system, or switching from gas furnaces to ASHP. Obtaining more data on the installation context of ASHP would help the research team refine this assumption.  [20:  The 1992 Pacific Northwest Residential Energy Survey – Phase I, Book2: Item-by-Item Cross tabulations, Volume C: Pacific Northwest Region] 

The number of conversions from electric forced air furnaces to air source heat pump increases throughout the analysis period. This increase is a result of the increasing market size in the stock turnover model. Because electric forced air furnaces have a 21 year measure life[footnoteRef:21], a large growth in the stock from 1989 to 1993 yields an increasing number of natural retirements between 2010 and 2014. Figure 18 shows the number of heat pumps and electric and gas force air furnaces shipped in each year. Between 2010 and 2011, there is a 53% increase in conversions of electric forced air furnaces to air source heat pumps. The team has identified this as a key driving factor for the model results, and suggests more research is necessary to validate this increase.  [21:  DOE Furnaces and Boilers 2007 Final Rule, Technical Support Document Chapter 8: Lifecycle Cost Analysis, Table 8.3.3 Furnace and Boiler Lifetimes Used in the LCC Analysis.] 

[bookmark: _Ref428979953][bookmark: _Toc434326570]Figure 18: HVAC Unit Types Replacing Electric Forced Air Furnaces (Units Sold)
 
Source: Navigant analysis of AHRI data, using results of the Stock Turnover Model
Market Size
The quantity of heat pumps sold in the Pacific Northwest is a key determinant of Momentum Savings. If the market size increases relative to program unit sales, Momentum Savings also increase. During the analysis period (2010-2014), the market for residential HVAC units increased, as shown in Figure 3. Historical data indicates this increase in market size is a function of the economic recovery from the housing crisis in 2008-2009. As described in Question 2, the team used a variety of data sources to inform the stock turnover model, which calculates market size. Aligning the various data sources required several assumptions outlined under “Key Decisions” in Question 2. The research team should continue to seek data to inform these considerations, and refine the estimate of market size.
Quality Installations
Quality installation—also known as commissioning, controls, and sizing (CC&S)—is an important factor that impacts the efficiency of HVAC equipment. Energy efficiency programs require HVAC equipment to have proper CC&S to be eligible for incentives. As such, the analysis team assumed that contractors install all program units using proper CC&S. Conversely, for all other units sold into the market, the team assumes that contractors who install these units do not follow proper CC&S practices (therefore, units installed outside of programs have lower savings). 
This is a conservative assumption consistent with the Council baseline and RTF proceedings. However, if the analysis team were to find that a certain percentage of contractors in the market outside of programs actually are following proper CC&S practices, Momentum Savings could increase. 
To test the significance of CC&S on the per unit energy consumption, the research team simulated two different versions of SEEM, one with and without CC&S. As shown in Figure 19, the addition of proper CC&S results in approximately a 20% decrease in annual heating consumption averaged across all HSPF efficiency levels considered in the analysis. 
[bookmark: _Ref302634596][bookmark: _Toc434326571]Figure 19: Comparison of Average per Unit Heating Consumption with and without CC&S (kWh/yr.)

                    Source: Navigant analysis using SEEM 97 
Program Savings
As described in the methodology section under Question 4, the research team must measure all the regional program savings against the Sixth Plan baseline to enable an “apples to apples” comparison of programmatic and Momentum Savings. In order to calculate the program savings, the research team requested detailed program tracking data from utilities across the region. While we received a lot of well-documented program data from utilities across the Pacific Northwest, including the IOUs, in some cases, regional energy efficiency program managers were unable to provide full detailed data on their residential HVAC programs. 
Table 7 summarizes the data gaps in each program savings data request. In this table, “Yes” means the program data was complete and used in the analysis, “Most” means the research team interpreted portions of the data and used them in the analysis, and “No” means the data field was not obtained from the program records. In cases where gaps were present in the data, the research team projected the values from known data sources. For example, all IOUs were unable to provide the housing type (single family or manufactured homes) in which the unit was installed. The analysis team assumed that the split between single family and manufactured homes was the same as the split present in the BPA data, and applied those percentages to IOU program data accordingly. 
[bookmark: _Ref426647296][bookmark: _Toc434326551]Table 7: Summary of Program Data Completeness
	Service Territory

	Program Year
	Measure Name Clear
	Quantity
	Efficiency
	Housing Type
	Years Data Covers

	BPA
	Yes
	Yes
	Yes
	Yes 
	Yes
	2010-2014

	Avista
	Yes
	Yes
	Yes
	Most
	No
	2010-2014

	Energy Trust of Oregon
	Yes
	Most
	Yes
	Most
	No
	2010-2014

	Idaho Power
	Yes
	No
	Yes
	Yes
	Yes
	2010-2014

	PacifiCorp (ID and WA)
	Yes
	Yes
	Yes
	No
	No
	2010-2014

	Puget Sound Energy
	Yes
	Most
	Yes
	Most
	No
	2010-2014


Source: Navigant analysis of BPA and IOU program data
Acquisition of more detailed program data may increase or decrease Momentum Savings, depending on if the data decreases or increases program savings respectively. 
[bookmark: _Toc434327793]Future Research Opportunities
This section presents the research team’s recommendations to BPA for future data collection and analysis that could improve the estimation of residential HVAC Momentum Savings. Table 8 summarizes each opportunity according to the following criteria:
· Impact on results: the estimate of how the research opportunity may impact the Momentum Savings estimates, based on the highest and lowest expected outcomes from the research. Research topics with greater uncertainty generally yield a higher impact. 
· Low: likely to affect Momentum Savings results by <10%
· Medium: could potentially affect Momentum Savings results by 10-20%
· High: could potentially affect Momentum Savings results by greater than 20%
· Effort: the estimate of expected level of effort required to adequately investigate the opportunity. 
· Overall ranking: The analysis team ranked the research opportunities according to overall importance, taking into account expected level of effort and model sensitivities. 
[bookmark: _Ref427761317][bookmark: _Toc434326552]Table 8: Summary of Opportunities for Future Research
	Opportunity
	Overall Ranking
	Impact
	Level of Effort

	[bookmark: RANGE!A52]Survey of HVAC installation contractors
	1
	High
	****

	[bookmark: RANGE!A53]Enhancing program savings data from BPA and IOUs
	2
	Low
	*

	[bookmark: RANGE!A54]Obtaining more context for AHRI data
	3
	Medium
	**

	[bookmark: RANGE!A55]Calculating HVAC cooling savings
	4
	Medium
	***

	[bookmark: RANGE!A56]Calculating DHP Momentum Savings
	5
	High
	***


Source: Navigant analysis 
Survey HVAC Installation Contractors
Impact on results: High
Effort: ****
After developing the model, it became clear that installation context is a main driver of the results. More data on the breakdown of installations between single family, manufactured homes, conversions, upgrades, multifamily, and small commercial establishments would greatly reduce the uncertainty in the current model. The team could interview HVAC installation contractors in order to obtain more details regarding these factors. These interviews would have the added benefit of informing the team about the prevalence of fuel switching in the market, as well as quality installation practices outside of utility programs. 
The team ranked this opportunity as the first priority due to how sensitive the results of the model are to the installation context assumptions, even though the team estimates it to be the highest level of effort opportunity.
Enhance Program Savings Data from BPA and IOUs
Impact on results: Low
Effort: *
As mentioned above, the program data obtained from BPA and regional IOUs was partially incomplete. In the future, the research team could develop simple, streamlined annual data requests to specific contacts at each IOU. In return, BPA could provide HVAC market characterization data and program opportunities to participating IOUs. BPA would need to determine to what extent IOU program managers would value this market characterization, and what types of data they would be interested in.
The team ranked this opportunity as the second priority, as it requires a relatively low level of effort and will ensure that future HVAC Momentum Savings analyses use all available program data.
Enhance market data
Impact on results: Medium
Effort: **
The research team was fortunate enough to receive a summary of the entire Pacific Northwest HVAC market according to AHRI from one of the distributor interviewees. However, more context would improve this data significantly. How much of the market does AHRI really characterize? Should the stock turnover model precisely match AHRI data, or be slightly lower due to distribution of units to commercial spaces? Does AHRI collect more detailed information on heating efficiencies? 
Enhancing market data may involve establishing relationships with AHRI to obtain more context for their data, subscribing to other regional HVAC data acquisition services, such as Heating, Air Conditioning and Refrigeration Distributors International (HARDI), dedicating time to establishing ongoing relationships with regional distributors, or some combination of these approaches. The team is in the process of assessing the various options to choose the best approach.
The team ranked this opportunity as the third priority. Depending on the results, this could have a substantial impact on Momentum Savings estimates. However, the level of effort required for obtaining more market data is uncertain, as it may require more primary data collection or a subscription service.
Calculate HVAC Cooling Savings
Impact on results: Medium
Effort: ***
The research team did not estimate cooling savings in this analysis for three reasons:
· Cooling savings are a small (yet growing) portion of residential HVAC electricity use in the region
· Examining heating HVAC functionality simplified development of the stock turnover model, as ASHP were only replacing FAF, not potentially replacing central air conditioners
· Homes that did not previously have cooling that install ASHP for the cooling functionality can result in negative savings
In the future, the team could develop a methodology for estimating the cooling savings and accounting for these complications. The team ranked this opportunity as the fourth priority, as it would be relatively resource-intensive to execute.
Coordinate with NEEA to Calculate Ductless Heat Pump (DHP) Momentum Savings
Impact on results: High
Effort: ***
This analysis did not estimate Momentum Savings from DHP technology. As the regional HVAC market for DHP accelerates, this will be an important market to characterize and track, both for program design opportunities and potential Momentum Savings. Subsequent analyses should coordinate with NEEA to consider DHP in residential HVAC Momentum Savings.
The team ranked this opportunity as the fifth priority, as it may require a significant effort and the NEEA already developed estimates for DHP Momentum Savings. 
Program Savings (aMW)	
2010	2011	2012	2013	2014	1.2553898400625914	1.6069967459808501	1.3862208425345646	1.4711990641477215	1.1187478734157095	Momentum Savings (aMW)	
2010	2011	2012	2013	2014	1.4257353278540281	1.8137697422479027	2.73509441967227	2.5237482009534351	3.1854806269647518	
Total Market Savings (aMW)



Stock Turnover	2010	2011	2012	2013	2014	39782.272290122055	42802.20293585008	45312.987614282778	46906.427538897537	47433.104637927303	AHRI	2010	2011	2012	2013	2014	40348.980000000003	37476.21	39644.04	45661.14	62240.25	
ASHP Sales



2010	% Conversions	% Upgrades	% Conversions	% Upgrades	SF	SF	MH	MH	9.9142009780929644E-2	0.90085799021907043	0.52738412800327972	0.47261587199672034	2011	% Conversions	% Upgrades	% Conversions	% Upgrades	SF	SF	MH	MH	0.13985554829483524	0.86014445170516485	0.50382809854857891	0.4961719014514212	2012	% Conversions	% Upgrades	% Conversions	% Upgrades	SF	SF	MH	MH	0.15630333914898786	0.84369666085101203	0.47670778785351164	0.52329221214648836	2013	% Conversions	% Upgrades	% Conversions	% Upgrades	SF	SF	MH	MH	0.15365644128227254	0.84634355871772748	0.44339612911620735	0.55660387088379271	2014	% Conversions	% Upgrades	% Conversions	% Upgrades	SF	SF	MH	MH	0.14853514937942716	0.85146485062057287	0.41664042717525257	0.58335957282474749	



HZ 1	Electric FAF	HSPF 7.7	HSPF 8.5	HSPF 9.0	HSPF 9.5	HSPF 10.0	HSPF 10.5	HSPF 11.5	12306.097754910699	6719.5301746105215	6306.6888047535167	6143.8029590278511	5983.9850864651053	5827.029217391605	5672.6445874468018	5370.6258057612758	HZ 2	Electric FAF	HSPF 7.7	HSPF 8.5	HSPF 9.0	HSPF 9.5	HSPF 10.0	HSPF 10.5	HSPF 11.5	15104.636883323255	9850.5159237164735	9391.1991382226915	9241.4890883404096	9100.5680487293685	8967.3455948926894	8841.4643169582159	8609.1106043020918	HZ 3	Electric FAF	HSPF 7.7	HSPF 8.5	HSPF 9.0	HSPF 9.5	HSPF 10.0	HSPF 10.5	HSPF 11.5	20425.5725291778	11709.164888940815	11244.197535714791	11098.548337929898	10965.159097238125	10843.19952019437	10730.409518593187	10529.579155605054	PNW Region	Electric FAF	HSPF 7.7	HSPF 8.5	HSPF 9.0	HSPF 9.5	HSPF 10.0	HSPF 10.5	HSPF 11.5	13982.756857398494	8179.6917950824154	7747.4034982934963	7590.2804988085336	7438.9011166748332	7292.7266219912008	7151.2460209169167	6880.7179626614015	
Heating Consumption (kWh/yr)



Forced Air Furnace	2010	2011	2012	2013	2014	21884.577412499682	25122.237475430069	25126.872008232975	26412.118899845766	27628.814894266023	HSPF 7.7	2010	2011	2012	2013	2014	28286.444118700387	29392.186022823025	30783.284604317272	32144.850078993437	32833.965369858888	HSPF 8.5	2010	2011	2012	2013	2014	5902.4731213176556	6413.4615880297752	6577.6654838294407	6889.0551739810826	7113.2682663676369	HSPF 9.0	2010	2011	2012	2013	2014	2951.2365606588278	3206.7307940148876	3288.8327419147204	3444.5275869905413	3556.6341331838184	
Number of HVAC Units Sold



n=number of distributors reporting
c = count of units represented
<	8.2	2010
(n=1, c=648)	2011
(n=3, c=4122)	2012
(n=4, c=4172)	2013
(n=5, c=16798)	2014
(n=5, c=19475)	8.7962962962962965E-2	0.53833090732654054	0.58177372962607854	0.34823193237290156	0.34419306803594352	8.2-8.99	2010
(n=1, c=648)	2011
(n=3, c=4122)	2012
(n=4, c=4172)	2013
(n=5, c=16798)	2014
(n=5, c=19475)	0.47222222222222221	5.1673944687045122E-2	5.3892617449664421E-2	0.47144898202166924	0.47377869062901157	9-9.99	2010
(n=1, c=648)	2011
(n=3, c=4122)	2012
(n=4, c=4172)	2013
(n=5, c=16798)	2014
(n=5, c=19475)	0.43981481481481483	0.25278990781174188	0.14549376797698946	0.13888558161685916	0.14392811296534017	10-11.49	2010
(n=1, c=648)	2011
(n=3, c=4122)	2012
(n=4, c=4172)	2013
(n=5, c=16798)	2014
(n=5, c=19475)	0	8.1028626880155261E-2	9.4439117929050811E-2	5.5959042743183715E-3	1.4069319640564827E-2	>	11.5	2010
(n=1, c=648)	2011
(n=3, c=4122)	2012
(n=4, c=4172)	2013
(n=5, c=16798)	2014
(n=5, c=19475)	0	7.617661329451722E-2	0.12440076701821669	3.5837599714251697E-2	2.4030808729139923E-2	HSPF BIN	2010
(n=1, c=648)	2011
(n=3, c=4122)	2012
(n=4, c=4172)	2013
(n=5, c=16798)	2014
(n=5, c=19475)	0	0	0	0	0	Total	2010
(n=1, c=648)	2011
(n=3, c=4122)	2012
(n=4, c=4172)	2013
(n=5, c=16798)	2014
(n=5, c=19475)	1	1	0.99999999999999989	1	0.99999999999999989	
% of Sales 



n=number of distributors reporting
c = count of units represented
2010 (n=1, c=648)	<	8.2	8.2-8.99	9-9.99	10-11.49	>	11.5	8.7962962962962965E-2	0.47222222222222221	0.43981481481481483	0	0	2011 (n=3, c=4122)	<	8.2	8.2-8.99	9-9.99	10-11.49	>	11.5	0.53833090732654054	5.1673944687045122E-2	0.25278990781174188	8.1028626880155261E-2	7.617661329451722E-2	2012 (n=4, c=4172)	<	8.2	8.2-8.99	9-9.99	10-11.49	>	11.5	0.58177372962607854	5.3892617449664421E-2	0.14549376797698946	9.4439117929050811E-2	0.12440076701821669	2013 (n=5, c=16798)	<	8.2	8.2-8.99	9-9.99	10-11.49	>	11.5	0.34823193237290156	0.47144898202166924	0.13888558161685916	5.5959042743183715E-3	3.5837599714251697E-2	2014 (n=5, c=19475)	<	8.2	8.2-8.99	9-9.99	10-11.49	>	11.5	0.34419306803594352	0.47377869062901157	0.14392811296534017	1.4069319640564827E-2	2.4030808729139923E-2	HSPF Bin

% of Sales



n=number of distributors reporting
c = count of units represented
<	 2 tons	2010
(n=1, c=648)	2011
(n=3, c=4122)	2012
(n=4, c=4172)	2013
(n=5, c=16798)	2014
(n=5, c=19475)	8.3580000000000023	8.2158974358974355	8.4892045454545446	8.3378111111110957	8.3261394302848597	2-3.5 tons	2010
(n=1, c=648)	2011
(n=3, c=4122)	2012
(n=4, c=4172)	2013
(n=5, c=16798)	2014
(n=5, c=19475)	8.9944579646017697	8.8784050717384062	8.9273947124917381	8.7050528002563894	8.6690748672813651	3.5-5 tons	2010
(n=1, c=648)	2011
(n=3, c=4122)	2012
(n=4, c=4172)	2013
(n=5, c=16798)	2014
(n=5, c=19475)	8.8949999999999996	9.5251754385964915	9.5797014432989673	8.7196920093095507	8.8048098842386526	Year

Average HSPF



Forced Air Furnace	2010	2011	2012	2013	2014	0	0	0	0	0	HSPF_7.7	2010	2011	2012	2013	2014	0.33353368668378774	0.35412244415553684	0.34717623935357061	0.34823193237290156	0.34419306803594352	HSPF_8.5	2010	2011	2012	2013	2014	0.46511119610950219	0.48109206949533179	0.48633908422508554	0.47144898202166924	0.47377869062901157	HSPF_9.0	2010	2011	2012	2013	2014	5.7046063056663571E-2	5.3672733719418532E-2	5.0010919414719371E-2	6.9442790808429578E-2	7.1964056482670083E-2	HSPF_9.5	2010	2011	2012	2013	2014	5.7046063056663571E-2	5.3672733719418532E-2	5.0010919414719371E-2	6.9442790808429578E-2	7.1964056482670083E-2	HSPF_10.0	2010	2011	2012	2013	2014	2.5080596688705534E-2	1.4803214750029554E-2	1.4340831331440635E-2	2.7979521371591857E-3	7.0346598202824136E-3	HSPF_10.5	2010	2011	2012	2013	2014	2.5080596688705534E-2	1.4803214750029554E-2	1.4340831331440635E-2	2.7979521371591857E-3	7.0346598202824136E-3	HSPF_11.5	2010	2011	2012	2013	2014	3.7101797715971802E-2	2.7833589410235209E-2	3.7781174929023803E-2	3.5837599714251697E-2	2.4030808729139923E-2	



HSPF_9.0	2010	2011	2012	2013	2014	5.7046063056663571E-2	5.3672733719418532E-2	5.0010919414719371E-2	6.9442790808429578E-2	7.1964056482670083E-2	HSPF_9.5	2010	2011	2012	2013	2014	5.7046063056663571E-2	5.3672733719418532E-2	5.0010919414719371E-2	6.9442790808429578E-2	7.1964056482670083E-2	HSPF_10.0	2010	2011	2012	2013	2014	2.5080596688705534E-2	1.4803214750029554E-2	1.4340831331440635E-2	2.7979521371591857E-3	7.0346598202824136E-3	HSPF_10.5	2010	2011	2012	2013	2014	2.5080596688705534E-2	1.4803214750029554E-2	1.4340831331440635E-2	2.7979521371591857E-3	7.0346598202824136E-3	HSPF_11.5	2010	2011	2012	2013	2014	3.7101797715971802E-2	2.7833589410235209E-2	3.7781174929023803E-2	3.5837599714251697E-2	2.4030808729139923E-2	



E-FAF to E-FAF	
2010	2011	2012	2013	2014	5539.4876694204868	6689.6516886055433	5972.0443333249113	6640.4717536739172	6641.5058602513454	E-FAF to Gas-FAF	
2010	2011	2012	2013	2014	9053.7934432730472	8237.8097510045736	8006.0525336911642	8311.1906665684292	8756.4800425093745	E-FAF to ASHP Conversions	
2010	2011	2012	2013	2014	3351.4288355257886	5126.5504195093672	6099.69478742519	6209.6761517807699	6070.7291675278684	



Forced Air Furnace	2010	2011	2012	2013	2014	0.6230502408091122	0.56614228729308458	0.4947128391019957	0.51676228184542072	0.52244989537544717	HSPF_7.7	2010	2011	2012	2013	2014	0.12572544287750284	0.15363875363950361	0.17542369631421167	0.16827880438844073	0.16436943565161066	HSPF_8.5	2010	2011	2012	2013	2014	0.17532355337046265	0.20872550487268104	0.24574089510182887	0.22782193029845074	0.22625306327876815	HSPF_9.0	2010	2011	2012	2013	2014	2.1503499731997538E-2	2.3286329486234256E-2	2.5269875484962432E-2	3.3557375772551301E-2	3.4366442702506328E-2	HSPF_9.5	2010	2011	2012	2013	2014	2.1503499731997538E-2	2.3286329486234256E-2	2.5269875484962432E-2	3.3557375772551301E-2	3.4366442702506328E-2	HSPF_10.0	2010	2011	2012	2013	2014	9.4541248821713303E-3	6.4224888921570952E-3	7.2462379483807854E-3	1.3520760062665335E-3	3.359402533174005E-3	HSPF_10.5	2010	2011	2012	2013	2014	9.4541248821713303E-3	6.4224888921570952E-3	7.2462379483807854E-3	1.3520760062665335E-3	3.359402533174005E-3	HSPF_11.5	2010	2011	2012	2013	2014	1.3985513714584603E-2	1.2075817437948071E-2	1.9090342615277298E-2	1.7318079910052193E-2	1.1475915222813389E-2	



HSPF_9.0	2010	2011	2012	2013	2014	5.7046063056663571E-2	5.3672733719418532E-2	5.0010919414719371E-2	6.9442790808429578E-2	7.1964056482670083E-2	HSPF_9.5	2010	2011	2012	2013	2014	5.7046063056663571E-2	5.3672733719418532E-2	5.0010919414719371E-2	6.9442790808429578E-2	7.1964056482670083E-2	HSPF_10.0	2010	2011	2012	2013	2014	2.5080596688705534E-2	1.4803214750029554E-2	1.4340831331440635E-2	2.7979521371591857E-3	7.0346598202824136E-3	HSPF_10.5	2010	2011	2012	2013	2014	2.5080596688705534E-2	1.4803214750029554E-2	1.4340831331440635E-2	2.7979521371591857E-3	7.0346598202824136E-3	HSPF_11.5	2010	2011	2012	2013	2014	3.7101797715971802E-2	2.7833589410235209E-2	3.7781174929023803E-2	3.5837599714251697E-2	2.4030808729139923E-2	



Base Market Consumption	2010	2011	2012	2013	2014	62.41500314688669	68.961897434034469	70.382689841414916	73.786487562136216	76.226926204262782	Actual Market Consumption	2010	2011	2012	2013	2014	59.733877978970071	65.541130945805719	66.261374579208081	69.79154029703507	71.922697703882321	Total Market Savings	2.6811251679166195	3.420766488228753	4.1213152622068341	3.9949472651011564	4.3042285003804617	
Market Consumption (aMW)

Market Savings (aMW)



BPA	
2010	2011	2012	2013	2014	3611.9793635456917	5958.6484643543881	5388.6554219563059	5986.5600439854134	5093.2838640380942	IOU	
2010	2011	2012	2013	2014	7374.206825854737	8181.9320086915177	6769.444535248349	6919.7099178796852	4684.4742271844061	
Program Savings (MWh)



Program Savings (aMW)	
2010	2011	2012	2013	2014	1.2553898400625914	1.6069967459808501	1.3862208425345646	1.4711990641477215	1.1187478734157095	Momentum Savings (aMW)	
2010	2011	2012	2013	2014	1.4257353278540281	1.8137697422479027	2.73509441967227	2.5237482009534351	3.1854806269647518	
Total Market Savings (aMW)



Low (10%)	2010	2011	2012	2013	2014	-2.4373937380178134E-2	-0.60050609103176089	-0.1128449745106667	-0.22435762288534625	0.68495530769434443	Mid (20%)	2010	2011	2012	2013	2014	2.6073441868264569	2.2312134275064666	2.8881127144858696	2.8817540908040415	3.7534873951434968	High (30%)	2010	2011	2012	2013	2014	5.2390623110331243	5.0629329460446941	5.8890704034824193	5.9878658044934561	6.8220194825926352	Base	2010	2011	2012	2013	2014	1.4257353278540281	1.8137697422479027	2.73509441967227	2.5237482009534351	3.1854806269647518	
Momentum Savings (aMW)



E-FAF to E-FAF	
2010	2011	2012	2013	2014	5539.4876694204868	6689.6516886055433	5972.0443333249113	6640.4717536739172	6641.5058602513454	E-FAF to Gas-FAF	
2010	2011	2012	2013	2014	9053.7934432730472	8237.8097510045736	8006.0525336911642	8311.1906665684292	8756.4800425093745	E-FAF to ASHP Conversions	
2010	2011	2012	2013	2014	3351.4288355257886	5126.5504195093672	6099.69478742519	6209.6761517807699	6070.7291675278684	
Units Sold



without CC	&	S	Heating Zone 1	Heating Zone 2	Heating Zone 3	Regional Weighted Average	5588.4285021634269	8445.5962405982336	9999.9062446215921	6906.4976349312028	with CC	&	S	Heating Zone 1	Heating Zone 2	Heating Zone 3	Regional Weighted Average	4456.2938246153553	6697.959808830904	8048.6833486463374	5503.7443298618155	
Average Heating Consumption (kWh/yr)
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