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[bookmark: _Toc404280071][bookmark: _Toc416959661]Introduction and Purpose
Under the direction of the Bonneville Power Administration (BPA), Navigant Consulting, Inc. (Navigant) developed product-specific models to estimate the amount of standards-driven energy savings for residential and commercial appliances within BPA’s service territory in the Pacific Northwest. Navigant grouped these products into the following three categories:

1. Residential products driven by Northwest housing stock projections, linked to a central residential model
2. Non-residential products driven by Northwest commercial floor space projections, linked to a central commercial model
3. Products not driven by Northwest housing or floor space projections

Navigant developed user guides to facilitate the understanding of the logic and layout of the models. This user guide covers the first group of products.

The models assess the impact of recent or imminent U.S. Department of Energy (DOE) appliance efficiency standards on regional savings through 2034, relative to savings from standards already accounted for in the current Pacific Northwest Resource Plan. The Northwest Power Conservation Council publishes a Pacific Northwest Resource Plan every five years, which identifies cost effective energy efficiency as a resource in the region over a given period. Based on these findings, the Pacific Northwest Resource Plan sets the efficiency targets, which most utilities, including BPA, seek to meet. The current Pacific Northwest Power Plan (henceforth “Sixth Plan”) is in effect from 2010 to 2015.  

The models assess the impact of appliance efficiency standards by comparing the energy savings between two scenarios: a “Pre-Case” and a “Post-Case.” The Pre-Case scenario represents the projected energy consumption in the region without new standards - those announced after the publication of the Sixth Plan.  Keep in mind that if standards were already announced at the time of its publication, the Sixth Plan would already reflect these savings.  In contrast, the Post-Case scenario represents the energy consumption with new efficiency standards in place. The difference between the region’s energy consumption in the two cases yields the impact of the standard, if any.

Energy consumption in both the Pre-Case and Post-Case is a function of the number of products in the field (the installed stock) and each unit’s energy consumption (UEC). As a result, the total energy consumed drops following standards as higher efficiency products (i.e., those with a lower UEC) enter the market and the installed stock turns over. To most accurately portray regional energy consumption, both scenarios benefit from the availability of new and better data (made available after the publication of the Sixth Plan) as it relates to product saturation, lifetime, and usage, among other metrics that contribute to either stock turnover or UEC. 

This user guide assumes that users are familiar with the product and nature of appliance standards for the product and are reading the user guide for the purpose of either quality checking the model, understanding the standards impact analysis, or both.
The models were built in Microsoft Excel workbooks. To operate and use these models, users must follow the subsequent steps:
1. Ensure that the “Central Residential Stock Model” Excel file is in the same folder as the individual appliance Excel files.
2. Open the “Central Residential Stock Model” file.
3. Open the individual stock model file of choice. Click ‘Update’ on the pop-up prompt. If prompted again, click ‘Edit Links’ and then ‘Change Source’. Make sure that the “Central Residential Stock Model” is correctly linked to the model.

Each workbook contains a series of tabs that are relatively consistent for all products in a sector. Tabs are color coded and grouped into the following five main categories:
· Information Tabs (Purple)
· Input Tabs (Dark Blue)
· Calculation Tabs (Orange)
· Results Tabs (Green)
· Charts Tabs (Pale Blue)

As a general note, all hard-coded inputs within the models are color-coded blue, while all calculations are color-coded black.

The following sections are divided by the aforementioned categories of tabs and presented in the order in which they appear in the models. This order also follows the logical flow of the models: from taking inputs, to performing calculations, to documenting results. This user guide uses the residential clothes dryers model as an example to demonstrate how linked residential models work in each section.
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[bookmark: _Toc404280072][bookmark: _Toc416959662]Information Tabs
Information tabs (color-coded purple) provide background information on the model in question and facilitate its use and review.
[bookmark: _Toc404280073][bookmark: _Toc416959663]Cover
The cover tab houses the name of the model, a description of the product, the standard compliance year, major updates from the previous DOE rulemaking, whether the product was included in the Sixth Plan, and documents the authors of the report.

In the case of clothes dryers, DOE’s Final Rule (Amending Compliance Dates) published August 24, 2011 indicates that the standard effective date will be January 1, 2015. This means that all residential clothes dryers manufactured and shipped in 2015 must comply with DOE’s new minimum energy efficiency requirements. Residential clothes dryers were also modeled in the Sixth Plan, which captured the effects of the previous DOE rulemaking (which had an effective year of 1994), but not the effects of the 2015 standard.
[bookmark: _Toc404280074][bookmark: _Toc416959664]Definitions
The definitions tab explains any terms specific to the standards impact analyses (e.g., Pre-Case, Post-Case, standard compliance year), as well as any other relevant terms or abbreviations (e.g., aMW, NIA, market UEC, EL).
[bookmark: _Toc404280075][bookmark: _Toc416959665]Comments
The comments tab serves as an area for stakeholders to comment on the model during their review.
[bookmark: _Toc404280076][bookmark: _Toc416959666]Navigation
The navigation tab serves to orient the user within the model in two ways. First, the tab maps the logical flow of the model, serving as a reference for how inputs and outputs are connected and where those connections take place. Second, all labels are hyperlinked to their respective tabs. Users can return to the Navigation tab by simply clicking the NAVIGATION label near the upper left corner of each model tab. The Navigation pane is grouped into the logical categories mentioned at the beginning of this section: Information, Inputs, Calculations, Results, and Charts.

The Navigation tab also indicates where the central residential model feeds inputs into the stock and shipments tabs, which will be described in the next section.


[bookmark: _Toc416959667]Central Residential Model
The central residential model is a separate model that calculates the shipment and stock for individual appliance models when the shipment of an appliance is driven by residential housing stock. The central residential model contains information on residential housing stock as captured in the Sixth Plan, as well as market saturation data and appliance specific lifetimes for each appliance modeled. The function of the central model is to centralize common factors (in this instance housing stock) that drive each appliance’s stock models and to forecast shipments and model stock turnover for each linked product.

The central residential model must be open alongside individual models to ensure that the linked data pulls correctly.

The central residential model produces annual shipment and installed stock data for each individual residential product across the single family, multi-family, and manufactured homes housing sectors. It includes separate saturation estimates for each sector based on recent (2011) information from the Northwest Energy Efficiency Alliance (NEEA) Residential Building Stock Assessment (RBSA) as well as the from 1992 Pacific Northwest Residential Energy Survey (PNWRES ’92). At this time, the modeling team does not have sufficient data to produce separate estimates of product lifetime for each housing type.  However, the team elected to include this capability in the model should housing type-specific lifetimes become available in the future.
[bookmark: _Toc404280078][bookmark: _Toc416959668]Centralized Input Tabs
Along with the basic information tabs colored in purple, which are similar to those in the individual stock models, the central residential model contains multiple tabs of input data. Table 1 describes the content and data sources of each input tab. Consistent with the individual models, blue colored data represents hard-coded, basic inputs, while black colored data represent calculations. Users may change blue color input without affecting the structure of the central model.

[bookmark: _Ref404067993]Table 1. Input Tabs in Central Residential Model
	Input Tab
	Content
	Data Sources

	Constants and Menus
	Contains all constants and menus pertaining to the central residential model.
	-

	6P Shipments
	Estimated total shipments for each product from the Sixth Plan or estimates thereof for products not modeled in the Sixth Plan.
	Sixth Plan documentation.

	Housing Stock
	Historic and projected housing stock for the Single Family, Multi-Family, and Manufactured Homes housing sectors. Housing stock and saturation are the key drivers of shipments.
	Sixth Plan for 1980 through 2030; linear projection to 2034 assuming constant growth equal to new construction in 2030.

	Lifetimes
	Assumed lifetime by housing type in years.
	Multiple sources listed within tab.

	Product Lifetime Chart
	Graphical illustration of product lifetimes.
	-

	1992 Saturation Data - Average
	Product saturation in 1992 by housing type in units per household (%).
	1992 Pacific Northwest Residential Energy Survey

	2011 Saturation Data - SF
	Single family homes product saturation in 2011 in units per household (%).
	Residential Building Stock Assessment: Single Family Characteristics and Energy Use (2012)

	2011 Saturation Data - MF
	Multi-family homes product saturation in 2011 in units per household (%).
	Residential Building Stock Assessment: Multi-Family Characteristics and Energy Use (2013)

	2011 Saturation Data - MH
	Manufactured homes product saturation in 2011 in units per household (%).
	Residential Building Stock Assessment: Manufactured Home Characteristics and Energy Use (2013)

	Saturation Summary
	Comparison of product saturations in 1992, 2011 and 2034 by building type in units per household (%).
	-

	Single Family Saturations
	Graphical illustration of product saturations over time
	-

	Multi-Family Saturations
	Graphical illustration of product saturations over time
	-

	Manufactured Homes Saturations
	Graphical illustration of product saturations over time
	-


[bookmark: _Toc416189274][bookmark: _Toc404280079]
1.1 [bookmark: _Toc416959669]Individual Product Tabs
[bookmark: _GoBack]The remaining worksheets in the central residential model are individual stock model worksheets for each product. The purpose of each product worksheet is to produce shipment and installed stock data by housing type for each analysis year. The model backcasts and forecasts shipments based on the change in product saturation and housing stock over the analysis period. In order for this method to work, the stock models must be calibrated in order to match the sum of one product’s lifetime of shipments to its 1980 beginning installed stock. This is done by clicking the red “CALIBRATE SHIPMENTS” buttons on the housing stock, lifetime and saturation tabs, which are assumed to be the main areas where users may modify data to their preferences. If the ‘Calibration’ cells in each individual stock tab (highlighted yellow) are equal to zero, the stock model has already been calibrated, as exemplified in Figure 1.

[bookmark: _Ref404379769]Figure 1. Example Calibration for the Backcasting Function
[image: ]

The columns titled “Stock Units”, “Net New Shipments”, “Net Replacements” and “Total Shipments” in each individual product tab feed into respective Shipments and Stock tabs for the single family, multi-family, manufactured homes, and total homes segments.  These results are then pulled into individual product model workbooks through their ‘Shipments and Stock’ tabs (as described in Section 4.6), while lifetime assumptions feed into individual product model workbooks through either the ‘Data by Building Type’ tabs (as described in Section 4.3).


[bookmark: _Toc416959670]Input Tabs
[bookmark: _Toc404280081][bookmark: _Toc416959671]Input tabs (color-coded dark blue) provide a structured home for data collected in support of the analysis when developing the Pre-Case and Post-Case scenarios. As mentioned in the introduction, the Pre-Case scenario represents the baseline assumptions made in the Sixth Plan regarding appliance energy consumption. The Post-Case scenario represents appliance energy consumption with the new standards in effect. Rather than existing across multiple calculation tabs, inputs are housed in their own tabs, free of calculations, to allow for easy manipulation by users and evaluation by reviewers. Each model has, at the minimum, the tabs outlined below. However, based upon the quantity and type of data available, some models will include additional input tabs as needed.
1.2 Product Classes
1.2.1 [bookmark: _Toc404280082][bookmark: _Toc416959672]Background
When establishing energy conservation standards, DOE typically divides a given product into what it calls “product classes.” Product classes are typically differentiated by the type of energy used (e.g. electricity or gas), by capacity (e.g. standard or compact), or by other features that would justify a different standard (e.g. 120V or 240V electrical hookup). DOE sets efficiency standards for each product class independently. This is a key point because it means that an analysis of a standard’s impact on energy consumption must account for the fact that the standard will affect different types of products differently.  As an example, gas clothes dryers have different standards from electric clothes dryers.

Frequently, DOE establishes many more product classes than could be reasonably analyzed independently for the purposes of a rulemaking. In these cases, DOE identifies what it calls “representative product classes” and conducts a full analysis of these in the rulemakings. Representative product classes are typically selected based on having significant market share and/or having some product attribute that makes them unique in a way that could not be appropriately captured by scaling results from the analysis of other representative product classes. Because DOE directly and fully analyzes representative product classes in its rulemaking process, they have the richest and most complete data sets associated with them.
1.2.2 [bookmark: _Toc404280083][bookmark: _Toc416959673]Product Class Selection
The product class tabs explain the selection process and rationale for what product classes are included in the model. The process usually begins with all possible product classes (i.e., all DOE product classes) listed in one column. The next column shows the representative product classes from DOE rulemaking[footnoteRef:1], and the column thereafter lists the product classes analyzed by the Sixth Plan. [1:  However, appliances with hundreds of product classes may start at the point of down-selecting from representative product classes.] 


At this point, the model compares DOE’s representative product classes to those analyzed in the Sixth Plan. Typically, the Sixth Plan includes fewer product classes as measures focus on mainstream products with high market penetration. The modeling team then used its best judgment to determine which product classes should be modeled in the final analysis. At a minimum, all product classes included in the Sixth Plan are modeled. Additional product classes are frequently added to the analysis to create a more nuanced and fuller picture of the standard’s impact on energy consumption. This decision is based on the market share covered by the selected product classes (the greater the better) and data availability.

For example, the 2011 DOE rulemaking set standards for six classes of residential clothes dryers: 

· Product Class 1 - Vented Electric, Standard (4.4 ft3 or greater capacity), 
· Product Class 2 - Vented Electric, Compact (120V) (less than 4.4 ft3 capacity), 
· Product Class 3 - Vented Electric, Compact (240V) (less than 4.4 ft3 capacity), 
· Product Class 4 - Vented Gas, 
· Product Class 5 – Vent-less Electric, Standard (4.4 ft3 or greater capacity), and 
· Product Class 6 – Vent-less Electric Combination Washer/Dryer.

[bookmark: _Ref404373116]However, because Product Class 1 - Vented Electric, Standard (4.4 ft3 or greater capacity) represents over 97 percent of electric clothes dryer shipments, it is therefore the only product class included in the model. Figure 2 illustrates the down selection process for product classes of residential clothes dryers.

[bookmark: _Ref416876832][bookmark: _Ref416876826]Figure 2: Residential Clothes Dryers Product Class Selection
[image: ]
1.3 [bookmark: _Toc404280084][bookmark: _Toc416959674]Efficiency Levels
Efficiency levels (ELs) are discrete efficiency or energy consumption values that are analyzed as potential standards during DOE rulemakings on a given product. These ELs are generally constructed based on past and current DOE rulemaking ELs, but may also include Sixth Plan baselines and ENERGY STAR® efficiency requirements. 

The metrics associated with ELs are product specific and each product class has its own set of ELs. When ELs are not directly expressed in terms of the UEC, they are translated into a UEC based on the product’s annual usage or other conversion factors. For example, the ELs for residential clothes dryers are specified by an integrated energy factor, which is based on the bone dry weight of laundry dried per unit of energy and is expressed in pounds per kilowatt-hour (lbs/kWh). This translates into the annual UEC by dividing the average bone dry weight of each load by the energy factor and multiplying by the average number of drier loads per year.
When a DOE standard goes into effect, all new models of a given product manufactured thereafter must meet the designated minimum efficiency level requirement. That is to say, no more products will be produced and sold at lower ELs.

In the case of the DOE’s standards for residential clothes dryers, Figure 3 provides the ELs for Product Class 1 - Vented Electric, Standard (4.4 ft3 or greater capacity). Efficiency Level 0 (EL0) represents the baseline assumption in the model for integrated energy factor of 3.55 lbs/kWh which corresponds to the 1994 standard. EL3 corresponds to the 2015 standard with an IEF of 3.73 lbs/kWh.

[bookmark: _Ref403740401]Figure 3. Efficiency Levels & Compliance Years for Residential Clothes Dryers
[image: ]
1.4 [bookmark: _Toc416167565][bookmark: _Toc416189282][bookmark: _Toc416167566][bookmark: _Toc416189283][bookmark: _Toc416167567][bookmark: _Toc416189284][bookmark: _Toc416167568][bookmark: _Toc416189285][bookmark: _Toc416167569][bookmark: _Toc416189286][bookmark: _Toc402444617][bookmark: _Toc402444704][bookmark: _Toc402444754][bookmark: _Toc402449162][bookmark: _Toc402444618][bookmark: _Toc402444705][bookmark: _Toc402444755][bookmark: _Toc402449163][bookmark: _Ref416943375][bookmark: _Toc416959675][bookmark: _Toc404280086]Data by Building Type
The data by building type tab houses the input data used to develop the unit energy consumption (UEC) calculation for residential products in later tabs. For residential models, it organizes product, and usage data by building type: single family (SF), multi-family (MF), and manufactured homes (MH).  Data by building type specific to the Pacific Northwest is often found in the Northwest Energy Efficiency Alliance (NEEA) Residential Building Stock Assessment (RBSA) and other related studies. This tab will vary from model to model, depending on the available data for the appliance in consideration. 

Data by building type for clothes dryers includes the product lifetime estimate from the 2011 DOE Clothes Dryer Direct Final Rule Technical Support Document (as pulled from the central residential model), the average number of laundry loads per year and average bone-dry weight of each load from the 2014 NEEA Dryer Field Study, as well recent UEC data by product vintage from the NEEA RBSA Metering Study. 

Figure 4: Residential Clothes Dryer Data by Building Type
[image: ]
1.5 [bookmark: _Toc416959676]Product Class Distributions
The product class distribution tab shows the market share (usually calculated via number of shipments) of each product class by year. For most products, the Pre-Case and Post-Case distributions are identical as future standards do not affect the market share of each product class. Differences between the Pre-Case and Post-Case product class distributions occur when cross-price elasticity or other market mechanisms cause consumers to switch between product classes following standards.

Figure 5 shows this for residential clothes dryers. Because only one product class is modeled, 100 percent of shipments are allocated to this product class across the entire analysis period.

[bookmark: _Ref404092597]Figure 5. Distribution of Residential Clothes Dryers Product Classes by Year
[image: ]
[bookmark: _Ref416952870][bookmark: _Toc416959677][bookmark: _Toc404280087]Shipments and Stock 
The shipments and stock tabs of each residential model are separated into the three housing types and pull key inputs directly from the central residential model to support the savings analysis. These key inputs are 6P Shipments, Replacement Shipments, Net New Shipments, Total Model Shipments and Model Installed Stock for each given year. In years before 2010 (the beginning of the Sixth Plan), the 6P shipments will indicate that this year pre-dates the plan.  
One important distinction in terminology is that Replacement Shipments represent shipments that replace appliance units that have reached the end of their effective useful lives and are retired from service, whereas Net New Shipments account for appliance units installed due to new construction or increases in market saturation (e.g. an existing household which previously did not have a clothes dryer, purchases and installs a clothes dryer for the first time).  Total Model Shipments are simply the combination of Replacement and Net New Shipments.

Figure 6: Residential Clothes Dryers Shipments and Stock
[image: ]
1.6 [bookmark: _Toc416959678]Efficiency Distributions
The efficiency distribution tabs break out the distribution of ELs by product class in the Pre-Case and Post-Case scenarios. The efficiency level distribution shows what percentage of product class shipments fall into each efficiency level. The distribution in either the Pre-Case or Post-Case will sum to 100 percent for each product class modeled.  The distribution in the Post-Case reflects the transition to sales of only standard-compliant products after the standard effective year. This transition typically follows a ‘roll-up’ by which sales of products at ELs which no longer comply with standards, ‘roll-up’ to contribute to minimally compliant ELs following standards.

For example, in the Pre-Case scenario for residential clothes dryers, there are seven efficiency levels (EL 0 through EL 6). Of products shipped in 2014 (the year before standards take effect), 2.6 percent are at EL 0, 18.9 percent are at EL 1, 53.5 percent are at EL 2, 17.9 percent at EL 3, 6.1 percent at EL 4, 1.0 percent at EL 5, and 0.0 percent at EL 6. In the Pre-Case scenario, this distribution is the same in 2015, but it changes in the Post-case scenario as the standard goes into effect. In the Post-Case scenario, products at EL 0, EL 1, and EL 2 are no longer compliant.  Accordingly, their shipment allocations ‘roll-up’ to meet the new standard at EL 3 in the Post-Case, raising the percentage of shipments at this level to 92.9 percent. In the ‘roll-up’ the distribution of shipments above the standard typically do not change following standards. In this example, EL 4, EL 5, and EL 6 still represent 6.1, 1.0, and 0.0 percent of shipments respectively.  Figure 5 illustrates the ‘roll-up’ for residential clothes dryers.
[bookmark: _Ref403740463]Figure 7. Pre-Case and Post-Case Distributions of Residential Clothes Dryers
[image: ]

These changes in efficiency level distribution due to standards coming into effect are the main drivers of energy savings for all products. These inputs feed into the weighted average UEC calculations, where the product class and efficiency level distributions factor into the calculation of market UEC.  This is further explained in Section 5.2.
1.7 [bookmark: _Toc404095886][bookmark: _Toc402444620][bookmark: _Toc402444707][bookmark: _Toc402444757][bookmark: _Toc402449165][bookmark: _Toc404280089][bookmark: _Toc416959679]Sixth Plan UEC Development
This tab illustrates the Council’s assumptions concerning the Pre-case UEC. This information generally comes from the Sixth Plan Supply Curve Data. The Sixth Plan Council UEC then flows into the results tabs, where the Council UEC is compared to the Pre-and Post-case UEC.  

For residential clothes dryers, energy use is affected by the remaining moisture content (RMC) from the wash cycle. The Council assumed the market had already moved to the highest efficiency clothes washers – those with the ‘Top 10 Washer RMC’.  This in turn suppresses the burden on clothes dryers and results in a lower Sixth Plan Baseline UEC (263.2 kWh) than otherwise predicted in the model.  
[bookmark: _Toc416959680][bookmark: _Toc404280085]Constants and Menus
This tab contains a number of standardized constants that are referenced in various locations throughout the models. These include number of hours per day, number of days per year and kilowatts per megawatt. 

[bookmark: _Toc416189291][bookmark: _Toc404280093][bookmark: _Toc416959681]Unit Energy Consumption Calculations
The purpose of the UEC tabs (color-coded orange) is to determine the amount of energy consumed by each unit on an annual basis for both the Pre-Case and Post-Case scenarios. The difference between the Pre-case UEC and the Post-case UEC is the average energy savings per unit (“unit energy savings, or UES) attributable to the efficiency increases required by standards.
1.8 [bookmark: _Toc404280094][bookmark: _Toc416959682]UEC Development
Each product’s UEC calculations differ due to the technical nature of each product, its efficiency metrics, and usage. This tab pulls upon relevant input data from the Efficiency Levels and Data by Building Type tabs to arrive at a UEC for each efficiency level of each product class.  This is done separately for single family, multi-family, and manufactured homes to allow for segment specific variations in usage and other metrics which contribute to UEC.

For residential clothes dryers, the ELs are specified by an integrated energy factor (IEF), which is based on the bone dry weight of laundry dried per unit of energy and is expressed in pounds per kilowatt-hour (lbs/kWh). The UEC at each efficiency level is calculated by dividing the average bone dry weight of each load (from the Data by Building Type tab) by the IEF and multiplying by the average number of drier loads per year (also from the Data by Building Type tab).  
1.9 [bookmark: _Toc404280095][bookmark: _Ref416949678][bookmark: _Toc416959683]UEC
The first table on the UEC tabs shows the year-by-year market UEC for the Pre-Case and Post-Case scenarios. The market UEC is the shipment-weighted average of the UEC across efficiency levels and product classes. These calculations draw from product class distribution, the efficiency distribution, and the UEC development tabs to calculate the shipment-weighted UEC. In the year standards take effect, one will observe a sharp change in the market UEC as products below standard ELs are no longer available for sale.

For residential clothes dryers, the market UEC table is also informed by data from the Data by Building Type tab which offered vintage specific UECs for models produced between 1990 and 1994, 1995 and 1999, 2000 and 2004, 2005 and 2009, and 2009 onwards (assumed through 2013).  Figure 8 illustrates the recent trends in residential clothes dryer UEC and the effect of standards in 2015.

[bookmark: _Ref404095502]Figure 8. Market UEC for Residential Clothes Dryers before and after Proposed Standard
[image: ]

The second table on the UEC tabs shows the year-by-year installed UEC for the Pre-Case and Post-Case scenarios. The installed UEC reflects the weighted average UEC of the entire installed stock. These UECs draw from the shipments and stock tabs as well as the market UECs in the previous table to calculate the vintage-weighted average UEC across the entire stock.

In contrast to the market UEC, one will observe a gradual change in the installed UEC, as only a fraction of the stock is replaced annually.  The stock turns over as one particular vintage of products reaches the end of its useful life, is retired, and is then replaced by newly compliant products in the years following a standard. The installed UEC is also affected by the addition of net new shipments as described in Section 4.5.  The installed UEC will equal the market UEC after the entirety of stock has turned over.

Figure 9 presents the installed UEC for residential clothes dryers. After the standard takes effect in 2015, the installed UEC is lower in the Post-case than in the Pre-Case (737 kWh/year instead of 739 kWh/year). In the case of clothes dryers, the Pre-Case UEC is also declining as historic efficiency trends indicate that the overall stock is getting more efficiency independently of standards.  Still, the difference is not as large as in the market UEC table because this table represents the UEC of the current stock of residential clothes dryers, which is still in part comprised of pre-standard, non-affected products.

[bookmark: _Ref404095511]Figure 9. Installed UEC for Residential Clothes Dryers both before and after 2015 Standards
[image: ]
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[bookmark: _Toc404280096][bookmark: _Toc416959684]Results & Charts
1.10 [bookmark: _Toc404280097][bookmark: _Ref404373145][bookmark: _Toc416959685]Results
The output of each model is tabulated on the ‘Results’ tabs (color-coded green). For residential models, each housing sector (single family, multi-family, and manufactured homes) has its own results tab alongside an aggregate results tab that combines them.  

The results presented fall into six categories, each with several metrics. The first two tables, “Unit Energy Consumption (kWh/year)” and “Stock and Shipments,” summarize the results in the ‘Shipments and Stock’ and ‘UEC’ tabs. The next table, “First Year Energy Consumption,” simply calculates the total first year energy consumption by new shipments using the following formula for each category:



The fourth table, “Total Energy Consumption (kWh)”, calculates the total stock energy consumption for each year using the following formula:



The fifth table, “Total Energy Consumption (aMW)”, divides the total energy consumed in the Pre-Case and Post-Case by the number of hours per day and days per year and kW per MW (all from the constants tab) to calculate the average megawatts of demand (aMW) over the year. Finally, the last table, “Savings (aMW)”, calculates the year-on-year incremental savings, the cumulative savings and the DOE aggregate lifecycle savings due to the appliance standards. 
1.11 [bookmark: _Toc416959686]Summary Results
The next tab, ‘Summary Results’, provides a graphical illustration of Sixth Plan baseline adjustments, incremental savings in the 2010 through 2015 period and additional savings through 2034. These savings are discussed in the final report for all appliances in this analysis and described in the following Charts section.
1.12 [bookmark: _Toc403997130][bookmark: _Toc404280098][bookmark: _Ref404375775][bookmark: _Toc416959687]Charts
The model output described in Section 7.1 is pulled into separate ‘Charts’ tabs (color-coded light blue) to provide a graphical representation of the results and ease interpretation. For each tab, charts are provided for the following metrics:
1.12.1 [bookmark: _Toc403997131][bookmark: _Toc404280099][bookmark: _Toc416959688]Unit Energy Consumption
This tab charts the 6P, Pre-Case, and Post-Case UEC (in kWh) over the analysis period. The 6P and Pre-Case UEC will stay constant over the analysis, unless either reflect a trend in energy efficiency (i.e. a non-frozen baseline). In contrast, the Post-Case market UEC will drop after the compliance year, as the new standards take effect and non-compliant products are no longer produced and sold.
1.12.2 [bookmark: _Toc403997132][bookmark: _Toc404280100][bookmark: _Toc416959689]Shipments
This tab charts the Sixth Plan and model unit shipments over the analysis period. The model shipments curve reflects total shipments. Sixth Plan shipments typically stay constant as they look at replacement only shipments based on the stock in the first year of the analysis period rather than its growth over the analysis period.
1.12.3 [bookmark: _Toc403997133][bookmark: _Toc404280101][bookmark: _Toc416959690]Total Energy Consumption
This tab charts the Pre-Case and Post-Case total energy consumption (in kWh) over the analysis period. Pre-and Post-Case energy consumption are expected to align until the compliance year. Thereafter, Post-Case energy consumption will grow at a slower rate due to the standard.
1.12.4 [bookmark: _Toc416959691]Incremental Savings 
This tab charts savings due to the higher standard for units installed in a particular year. Incremental savings are highest following the standards compliance year while the stock turns over, after which incremental savings are only attributed to net new shipments as described in Section 4.5.
1.12.5 [bookmark: _Toc416959692]Cumulative Savings
This tab charts the total first year savings from 2010 through 2034. This grows at the rate of incremental savings, which are higher as the stock turns over. Growth of incremental savings slow after the stock turns over and incremental savings only come from shipments associated with net new shipments as described in Section 4.5.
1.12.6 [bookmark: _Toc403997136][bookmark: _Toc404280104][bookmark: _Toc416959693]DOE Aggregate Lifecycle Savings
This tab charts the sum of total first year savings, accounting for the cumulative savings in accordance with DOE Carbon Accounting Practices over the analysis period.
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Lifetime Calibration

16 0

MANUFACTURED HOMES

Stock 

Saturation

Stock Units

Stock Growth 

Rate

New 

Construction 

Shipments

Retirements Net Change Total Shipments

Net New 

Shipments

Net 

Replacements

1955 1955                       -   

1956 1956                       -   

1957 1957                       -   

1958 1958                       -   

1959 1959                       -   

1960 1960                       -   

1961 1961                       -   

1962 1962                       -   

1963 1963                       -   

1964 1964                       -   

1965 1965 CALIBRATE              15,041 

1966 1966                15,041 

1967 1967                15,041 

1968 1968                15,041 

1969 1969                15,041 

1970 1970                15,041 

1971 1971                15,041 

1972 1972                15,041 

1973 1973                15,041 

1974 1974                15,041 

1975 1975                15,041 

1976 1976                15,041 

1977 1977                15,041 

1978 1978                15,041 

1979 1979                15,041 

1980 47.3% 240,659 1980                15,041 

1981 47.3% 245,713 2.1% 1981 5,055 15,041 0 20,096 5,055 15,041

STOCK SHIPMENTS
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All Product Classes (PCs)

2011 DOE Final 

Rule PCs 

1

DOE 

Representative 

PCs 

1

6P PCs 

2

Model PCs Rationale 

3

Vented Electric, Standard (4.4 ft3 or greater capacity) PC1 PC1 PC1 PC1

Vented Electric, Compact (120V) (less than 4.4 ft3 capacity) PC2 PC2

Vented Electric, Compact (240V) (less than 4.4 ft3 capacity) PC3 PC3

Vented Gas PC4 PC4

Ventless Electric, Compact (240V) (less than 4.4 ft3 capacity) PC5 PC5

Ventless Electric Combination Washer/Dryer PC6 PC6

Sources

1. 2011 DOE Direct Final Rule: Table I-1—Amended Energy Conservation Standards for Residential Clothes Dryers and Room Air Conditioners

2.  6P Conservation Supply Curve Files: Clothes Washers and Dryers - Single Family

3. 2011 DOE Direct Final Rule: Technical Support Document Chapter 9, Table 9.3.1 Clothes Dryer Product Class Market Shares

Product class represents 

over 97% of shipments of 

electric products
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PC1 Vented Electric, Standard (4.4 ft3 or greater capacity)

 Model ELs Integrated Energy Factor (IEF) (lbs/kWh) 

1

Standard Compliance Year 

2

Model Efficiency Levels 

1

EL0 3.55 1994 1994 DOE Standard +2.0 W Standby

EL1 3.56 1994 DOE Standard +1.5 W Standby

EL2 3.61 1994 DOE Standard +0.08 W Standby

EL3 3.73 2015 Gap Fill +0.08W Standby

EL4 3.81 Gap Fill +0.08W Standby

EL5 4.08 Gap Fill/Maximum Available +0.08W Standby

EL6 5.42 Heat Pump (Max-Tech) +0.08W Standby

Sources 1. 2011 DOE Direct Final Rule Technical Support Document Chapter 5: Table 5.4.25 Clothes Dryer Integrated Efficiency Levels (CEF) – Vented Product Classes

2. 2011 DOE Residential Clothes Dryers Direct Final Rule Amending Compliance Dates (page 2)
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Electric Clothes Dryers Single Family Multi-Family Manufactured Homes Total Homes

Lifetime (years) 16 16 16 16

Cycles per Year Single Family Multi-Family Manufactured Homes Total Homes

Cycles per Year 311 311 311 311

Load Characteristics Single Family Multi-Family Manufactured Homes Total Homes

Average Bone-Dry Weight (lbs) 7.64 7.64 7.64 7.64

Clothes Dryer Energy Use by Vintage

Manufacture Date Bin Single Family Multi-Family Manufactured Homes Total Homes

1990-1994 624.2 624.2 624.2 624.2

1995-1999 721.7 721.7 721.7 721.7

2000-2004 775.2 775.2 775.2 775.2

2005-2009 832.8 832.8 832.8 832.8

Post 2009 635.5 635.5 635.5 635.5

Total 761.8 761.8 761.8 761.8
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PRE-Case 1990 1991 1992 1993 1994 1995

PC1 - Vented Electric, Standard (4.4 ft3 or greater capacity) 100% 100% 100% 100% 100% 100%

POST-Case 1990 1991 1992 1993 1994 1995

PC1 - Vented Electric, Standard (4.4 ft3 or greater capacity) 100% 100% 100% 100% 100% 100%

Source/Rationale Only product class included in model, no switching
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Electric Clothes Dryers

1981 1982 1983 1984 1985

6P Shipments (units) pre-dates plan pre-dates plan pre-dates plan pre-dates plan pre-dates plan

Replacement Shipments (units) 154,401 154,401 154,401 154,401 154,401

Net New Shipments (units) 31,205 21,457 33,280 30,925 29,504

Total Model Shipments (units) 185,606 175,859 187,682 185,327 183,905

Model Installed Stock (units) 2,501,628 2,523,085 2,556,366 2,587,291 2,616,795
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PC1 - Vented Electric, Standard (4.4 ft3 or greater capacity)

PRE-Case Static Distribution 

1

Efficiency Level IEF (lbs/kWh) 2014 2014 2015

EL0 3.55 2.6% 2.6% 2.6%

EL1 3.56 18.9% 18.9% 18.9%

EL2 3.61 53.5% 53.5% 53.5%

EL3 3.73 17.9% 17.9% 17.9%

EL4 3.81 6.1% 6.1% 6.1%

EL5 4.08 1.0% 1.0% 1.0%

EL6 5.42 0.0% 0.0% 0.0%

TOTAL

100.0% 100% 100%

POST-Case

Efficiency Level IEF (lbs/kWh) 2014 2015

EL0 3.55 2.6% 0.0%

EL1 3.56 18.9% 0.0%

EL2 3.61 53.5% 0.0%

EL3 3.73 17.9% 92.9%

EL4 3.81 6.1% 6.1%

EL5 4.08 1.0% 1.0%

EL6 5.42 0.0% 0.0%

TOTAL

100% 100%


image11.emf
Market UEC (Shipment Weighted Average)

2010 2011 2012 2013 2014 2015 2016 2017 2018

PRE-Case UEC 636 636 636 636 654 654 654 654 654

POST-Case UEC 636 636 636 636 654 636 636 636 636
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Installed UEC (Vintage Weighted Average) 

2010 2011 2012 2013 2014 2015 2016 2017 2018

PRE-Case UEC 769 763 756 749 744 739 731 723 715

POST-Case UEC 769 763 756 749 744 737 728 719 710
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