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DOE Weatherization Waiver Application

Analytic Methods

Energy estimating methodology: Describe the methodology used by the energy audit software to estimate annual energy use of the dwelling unit and the potential energy savings from weatherization retrofits. The description should provide sufficient detail for DOE to determine the engineering soundness of the technical approach. The state may provide this description narratively or reference the appropriate section(s) of a users' manual for the energy audit software or other technical support document. Whether described narratively or referenced from another document, the state's response should answer the following questions:

1. What energy estimating method is used (e.g., modified degree-day, variable base degree day, ASHRAE bin, ASHRAE modified bin, PRISM)?

a. A PRISM variable base degree day model is used to identify the best-fit heating and cooling base temperature per the Inverse Modeling Toolkit:  Numerical Algorithms, John Kissock, Jeff Haberl and David Claridge, [KC-03-2-1 (RP-1050)].

b. Variable base HDD and CDD models of heat loss through building components are used.

c. TMY3 data are used in hourly simulations of loads for infiltration and cooling.  Calculation of infiltration rates is based on a combination of ASHRAE Fundamentals 27.21 (40) as per HERS Standards and ASHRAE Fundamentals 29.7 (14) to account for contribution of mechanical ventilation system.  
Total Infiltration cooling load energy is adapted from ASHRAE 29.7 (17).

2. What format of climatic data is used (e.g., degree-day, bin, or hourly data)? If degree-day weather data is used, what base temperature is used and why? Which weather data sites are used for different portions of the state?

a. Weather Databases:  Three weather databases are provided and are used for different functions in the program: 

i. Typical Meteorological Year (TMY):   The most recent TMY data (TMY3 produced by the National Renewable Energy Laboratory) are provided for over 1,000 locations in the United States.  This data is used in hourly simulations of future energy use.

ii. 30-Year Weather Normals:  30-Year Weather Normals are provided by the National Climatic Data Center (NCDC) for 5,556 stations. Standard HDDs and CDDs are provided, as well as daily average temperatures which are used to compute variable base heating degree and cooling degree days.
iii. Current Weather:  Current weather data drawn from the NCDC Quality Controlled Data (QCD) for over 1,000 sites are available in monthly downloadable files from the OptiMiser website. These data are used in utility calibration by comparing the heating and cooling degree days to utility bills during the same period to calibrate the base temperature for heating and cooling degree days.

b. Degree Day data:  Standard HDDs and CDDs are provided with the 30-Year Weather Normals data.  The daily average temperatures from this database are used to compute a variable base HDD and CDD using the optimal base temperature derived from the PRISM analysis.  Both standard and optimal HDD and CDD values can be used in the energy modeling.  The standard DD analysis will reflect accepted “asset” modeling, whereas the optimal DD analysis will more closely reflect the “occupant” energy use.

c. Weather Station Selection:  The auditor can select the station for each weather database independently, since each database includes different station locations (although there is substantial overlap between station lists).  Typical Meteorological Year (TMY3) data are provided for over 1,000 locations in the United States; 30-Year Weather Normals are provided for 5,556 stations; and Current Weather is provided for over 1,000 stations.

3. Are existing energy use and energy requirements of the dwelling unit determined from actual energy bills, by generally accepted engineering calculations, or, optionally, both?

a. Both.  

b. Energy estimating methods listed in (1) are used to estimate energy requirements for the building.  

c. In addition, detailed analysis of weather normalized utility usage is provided.  

d. Energy bill analysis includes:

i. Alternative methods of utility bill decomposition based on the optimal and standard base temperature regression models, and utility bill analysis.  The base load estimated from the PRISM regression model and the base load observed from utility bills are provided and compared.

ii. Graphical analysis comparing utility usage to weather-normalized estimates of energy usage.

iii. All building energy usage estimates are engineering-based calculations that display instantaneously as parameters in the model are changed.  Absolute and percentage deviation from usage calculated from weather-normalized utility usage is displayed as the model is entered.   These metrics and graphical analysis are provided to compare utility data with the model load, normalized for concurrent weather data.

4. How are conductive, convective, and radiative heat losses (or gains) estimated? 

a. Conductive losses are estimated by a UA∆T method applying HDD and CDD derived as explained above.  
b. U values used in the conductive loss calculation include convective and radiative heat transfer coefficients.

5. How does the energy estimating method treat sensible and latent heat gains from internal sources? 

a. Internal sources are specified per NREL/TP-550-42662: Table 6, NREL/CP-550-35917, Page 4 and Building America's Benchmark (Building America Research Benchmark Definition, Version 3.1 (July 14, 2004). 

b. Heat gains from internal sources specify sensible and latent proportions.  Sensible gains are included in total heat gains in the building model.  Latent gains are not included in heat gains because the model does not assume that indoor humidity is controlled. 

6. How is the energy consumption of heating and cooling equipment estimated (e.g., steady-state efficiency, part-load curve)? 

a. Energy consumption of heating systems except heat pumps are computed by adjusting the heat load by a steady-state efficiency for the system and the delivery system. 

b. Energy consumption of heat pumps and air conditioners use an hourly weather-adjusted COP using estimated load curves. 

7. Are blower door readings and the results of other tests (e.g., duct leakage) used by the energy estimating method? 

a. Yes.  Blower door readings can be entered to estimate infiltration loads. 

b. Yes.  Duct leakage can be entered to estimate delivery system efficiency as (air flow rate leaving the delivery system / air flow rate entering the delivery system). Energy consumption is scaled up based on the delivery system efficiency.   
8. Does the energy audit software address domestic hot water and/or household appliance measures? If so, how is the energy estimated for these end uses?

a. Domestic hot water:  

i. Efficiency factors are taken from Building America Performance Analysis Procedures for Existing Homes, R. Hendron (May 2006) NREL/TP-550-38238,  Table 7.3.2.4 

ii. Standby Heat Loss Coefficient and energy usage uses the DOE Energy Factor test procedure for water heaters, (US DOE 1993) per Equation 6, Home Energy Saver Web Site Documentation Version 1.3, Documentation of Calculation Methodology, Input Data, and Infrastructure for the Home Energy Saver Web Site, Margaret J. Pinckard, Richard E. Brown, Evan Mills, James D. Lutz, Mithra M. Moezzi, Celina Atkinson, Chris Bolduc, Gregory K. Homan, Katie Coughlin, VERSION 1.3 (April 2007) Ernest Orlando Lawrence Berkeley National Laboratory, LBNL-51938.

b. Appliance loads use two stages to set defaults:  (1) total loads by appliance based on occupants or bedrooms; (2) these are translated into loads based on usage which can be modified by the user; (3) baseloads estimated from utility bills and regression modeling can be used to adjust these loads if utility bills are entered.

i. Per occupant or bedroom usage defaults:  Table 6; Development of an Energy Savings Benchmark for All Residential End-Uses, R. Hendron, R. Anderson, C. Christensen, and M. Eastment, (August 2004) NREL/CP-550-35917, Page 4.

ii. Load per usage defaults:  Lawrence Berkeley National Laboratory, [http://hes.lbl.gov/hes/aboutapps.html#fn2]

iii. Clothes washer loads per usage by water temperature:  [LBNL-51938] Page 34; The Effect of Efficiency Standards on Water Use and Water Heating Energy Use in the U.S.: A Detailed End-use Treatment, Jonathan G. Koomey, Camilla Dunham, and James D. Lutz (1994) LBL-35475; LBNL-51938, Table 1.

iv. Dish washers usage per load:  NREL/TP-550-38238, Table 11.

v. Refrigerators energy use calculation:  LBNL-51938, Page 29, 3.3.1 Refrigerator Energy Consumption calculation method described in  Energy Data Sourcebook (Wenzel et al. 1997), Equation 8 and Equation 9 (US DOE 1995).

vi. Refrigerators default energy use:  shipment weighted energy factor based on the year the refrigerator was purchased (LBNL-51938, Table 14) which is the average energy factor for all units sold within a particular year weighted by the number of units in each efficiency bin (AHAM 1996). 

9. Measure interaction: States must provide the following information to satisfy this requirement:

a. Briefly describe how the energy audit accounts for the interaction between architectural (e.g., insulation, air sealing) and mechanical (e.g., furnace replacement, programmable thermostat) measures.  

i. Estimated energy loads are calculated and then system efficiency-adjusted energy usage calculated.  All interactions are computed simultaneously for all elements of the building.
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