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��Residential Sector

Summary

In 1994, the region’s residential sector consumed an estimated 6,443 average megawatts of electricity when adjusted for weather.  This represented about 35 percent of the region’s total firm electrical consumption.  Space heating is the largest single category of consumption in the residential sector, using 35 percent of the total electricity sold to the sector.

The following sections will address the cost and savings of efficiency improvements in five end-uses in this sector:

Space heating in existing residential buildings.

Space heating in new residential buildings.

Water Heating, including water heating systems, clothes washers and dryers, dishwashers, and showerheads.

Refrigeration, including refrigerator and freezer appliances.

Lighting.



The detailed nature of the analysis in each of these end-uses relies upon a great deal of reference material that has been developed over the 13 years since the first power plan was developed.  Much of this material is fully detailed in Volume II of the 1991 Power Plan and is not repeated here for brevity’s sake.  In particular, a long list of appropriate references is not included here if it is adequately covered in the 1991 Plan.  The focus in this section has been on information that has become available since the 1991 Plan and the implications for the development of this plan.

Space Heating Conservation in Existing Residential Buildings

Figure G-18 shows the estimated space heating savings available from existing single and multifamily residences at levelized cost up to 6.0 cents per kilowatt-hour.  The technical conservation potential for all measures with benefit/cost ratios greater than 1.0 is 25 average megawatts.  The estimated average levelized cost of insulating and weatherizing existing single family and multifamily residences is 1.6 cents per kilowatt-hour, including administrative costs of 20 percent and transmission and distribution cost adjustments.

Figure G - 18

Existing Residential Space Heating Supply Curve

� EMBED Word.Picture.6  ���

The Council’s assessment of the conservation potential for existing space heating involved four steps.  These steps were to:

Estimate cost-effective thermal integrity changes that are available from insulating existing electrically heated single and multifamily dwellings;

Develop savings estimates and conservation supply functions consistent with the Council’s forecasting model, and incorporate the forecasting model’s estimate of the effect of consumer behavior on savings using the thermal integrity changes identified in Step 1 and accounting for historical retrofit activities;

Compare projected cost and savings estimates with historically observed cost and savings data; and,

Estimate achievable conservation potential.



The primary data sources used in this analysis have been drawn from the historical experience of Bonneville, the region’s public and private utilities and low-income service agencies across this region.  These sources are summarized in Table G-10.

Table G-10

Primary Data Sources for Existing Space Heating Conservation Assessment

Source�Data Type��Puget Sound Power and Light�Insulation and prime window replacement costs, weatherization program savings ��Eugene Water and Electric Board�Insulation and prime window replacement costs��King County Housing Authority�Infiltration control costs and savings estimates��End-Use Load and Conservation Assessment�Typical insulation level of existing housing,��Project (ELCAP)�metered space heating consumption, load shapes��Bonneville Power Administration -���   Residential Standards Demonstration Program�Simulation model calibration��   Pacific Northwest Residential Energy Surveys�Wood heat use, house size, space heating system ��   Evaluation of Weatherization Programs�Time series data on Pre/Post Program energy use��   Data Gathering Project�Time series data on weatherization measure costs��   “Super Window” Retrofit project�Cost and performance data on advanced windows��Step 1.  Estimate Cost-Effective Thermal Integrity Improvements from Conservation Measures

The costs and savings of conservation measures are the primary determinants of the amount of conservation that is available from the supply curves.  The Council’s estimates of single- and multi-family home weatherization costs are based on information provided by Puget Sound Power and Light (Puget) and Eugene Water and Electric Board (EWEB) during 1993 and 1994.  The actual costs of measures are shown Table G-11.

The costs of installing more energy efficient windows than are currently being installed in existing houses were developed separately.  The costs of adding storm windows were derived from Bonneville’s Data Gathering Project, because neither Puget nor EWEB reported cost information for this measure.  Both Puget and EWEB did report the cost of replacing prime windows with better (Class 40) double-glazed windows.  In order to determine the incremental cost of installing even more efficient double-glazed prime windows instead of a storm window, it was necessary to compare Bonneville’s, Puget’s and EWEB’s costs with those collected from window manufacturers for high-performance glazings.  The costs reported in Table G-11 reflect an assumption that the average labor and contractor margin to install a prime replacement window is $6.75 per square foot.  This value was imputed from the difference observed between the cost of windows reported by manufacturers and the total installed cost reported by Puget and EWEB for class 40 windows.  Table G-12 shows the incremental cost used to derive the cost of Class 35, Class 25 and Class 20 windows.

Each measure has its own average or expected lifetime, which is used in generating the levelized cost.  The levelized costs displayed in these tables reflect financing costs and replacement costs for short-lived measures.  Insulation and prime replacement windows last the lifetime of the residence, which for existing stock was expected to be an average of about 50 years in the 1991 Plan.  This was reduced to 45 years in this plan to account for the aging of the stock over the past five years.  Replacement doors are assumed to last an average of about 30 years.  Infiltration reduction measures were assumed to last 10 years.



Table G-11

Residential Weatherization Measure Cost Data

Conservation Measure�Measure Life (Years)�Incremental Installed Cost ($/SF)��WALL R11�45� $          0.65 ��ATTIC R11�45� $          0.22 ��ATTIC R19 �45� $          0.16 ��ATTIC R30�45� $          0.19 ��ATTIC R38�45� $          0.10 ��ATTIC R49�45� $          0.14 ��FLOOR R11�45� $          0.64 ��FLOOR R19�45� $          0.14 ��FLOOR R30�45� $          0.18 ��FLOOR R38�45� $          0.13 ��STORM WINDOW CL50��30� $       10.29 ��DG Low E WINDOW CL35�45� $          5.11 ��TG Low E WINDOW CL25�45� $          6.55 ��DOOR R5�30� $       14.06 ��BSMT WALL R11�45� $          0.33 ��BSMT WALL R21�45� $          0.25 ��ACH @ 0.4�10� $     125.00 ��



�Table G-12

Derivation of Window Cost Assumptions

��Single Family�Multifamily��Storm  Window Cost�� $             10.29 � $                   7.82 ��Incremental Cost Over Storm����� WINDOW CL65 �� $               2.94 � $                   2.23 �� WINDOW CL50 �� $               3.08 � $                   2.34 �� WINDOW CL40 �� $               4.66 � $                   3.54 �� WINDOW CL35 �� $               5.11 � $                   3.88 �� WINDOW CL25 �� $               6.55 � $                   4.97 �� WINDOW CL20 �� $             11.18 � $                   8.49 ��

It is useful to distinguish between set-up and add-on costs to answer two different questions.  Set-up costs are included when determining whether any insulation should be added to a building component, given that a certain level already exists.  For example, if a ceiling is already insulated to R-30, it turns out that it is not cost-effective to the region to pay for a contractor to come to the house and increase the ceiling insulation level to R-38.  Add-on costs determine how far a building component should be insulated, assuming the contractor is already set up and has installed some base insulation.  If the contractor is already there, for example, it is cost-effective to increase ceiling insulation to R-38 from a base of R-19.  Thus, the regional cost-effectiveness limit is R-38 in the ceiling, if anything less than about R-30 exists before weatherization.

In an ideal situation, where all measures can be installed in the building, the following measures would be recommended for installation in single-family houses and multifamily buildings: R-38 ceiling insulation, if the house has less than R-30; R-11 wall insulation, if no insulation currently exists; R-30 underfloor insulation if less than R-19 currently exists and there is space in the joist for the insulation.  No window thermal upgrades were regionally cost-effective under the Council’s current avoided cost projections.  However, it should be noted that storm windows have benefit/cost ratios of above 0.95, and both storm windows and prime window replacements have substantial non-energy benefits (e.g., to increase the resale value of a home).  Consequently, while these measures may not be cost-effective on the basis of the energy savings alone, they very well may make economic sense when their non-energy benefits are included.

In addition, because there is some uncertainty regarding the labor costs of prime replacement windows, the Council conducted a sensitivity analysis to see how low labor costs would have to be before Class 35 replacement windows would be cost-effective.  A sensitivity done on the 1,350-square-foot prototype based on weighted average regional climate indicated that the labor costs would have to be about 45 percent of the current estimate before installation of a Class 35 prime window replacement (compared to existing single pane windows) could be cost-effective on the basis of its energy savings alone.  Alternatively, class 35 windows would be cost-effective if their non-energy benefits were valued at approximately $3.75 per square foot – or about $60 for the average sized window.  

Three typical building designs were used to estimate the retrofit potential for single-family houses in the region.  The first is an 850-square-foot, single-story house built over an unheated basement.  The second is a 1,350-square-foot house over a vented crawl space.  The third is a 2,184-square-foot, two-story house with a heated basement.  The multifamily design is a three-story apartment house with four 840-square-foot units on each floor.

There are limitations on the number of houses that can reach full cost-effective weatherization levels.  For example, if the house does not have room in the joist system to accommodate R-30 insulation, then given current data it does not appear cost-effective to add the increased joist space to accommodate the thicker insulation.  Given this limitation, the current analysis of single-family residential weatherization savings uses R-30 floors on only two of the three prototypes.  Less information is known about multifamily buildings.  As a consequence, the multifamily prototypes were modeled with floors that could go to R-30 insulation without the increased joist cost.  In addition, recent information on air change rates in multifamily units indicates that these dwellings have less air exchange with the outside air than single-family houses.  The base case air change rate for multifamily dwellings is 0.4 air changes per hour in the current analysis.  For single-family houses, the initial air change rate is assumed to be 0.5 air changes per hour.  When some air infiltration reduction measures are taken, this is assumed to drop to 0.4 air changes per hour.  This is a fairly small drop in infiltration, because costs taken from current programs represent only fairly small amounts of air infiltration reduction measures.

Savings from weatherization measures installed in all four house designs were estimated using a two-step process.  This first step assesses the savings from each measure holding constant other determinants of space heating consumption, such as thermostat settings and room closure behavior.  The second step is to take the aggregate efficiency improvement that is identified as cost-effective compared to a house with average insulation, and run it through the forecast to incorporate consumer behavior changes into the estimate of aggregate savings.  

In the first step, the SUNDAY computer model,� which simulates a building’s daily space heating energy needs, is used to evaluate a base case and the savings attributable to each conservation measure, holding behavior constant.  This step determines which of the representative measures applied to the prototypes are cost-effective.  At this stage, savings are evaluated using an average indoor temperature setting of 65o F (70o F for 10 hours/day and 62o F for 14 hours/day), internal gains consistent with the efficient appliances included in the Council’s resource portfolio (2,000 British thermal units per hour), and no reduction in use from room closure and wood heat.  This set of assumptions is referred to as the ``standard operating conditions’’ of a residential building.

These values were selected based on analysis and judgment.  They represent a house used at levels that are reasonable if efficiency measures are installed.  Curtailment activities, such as room closure and reduced temperature settings, are less likely to continue after efficiency measures are installed since these measures significantly lower utility bills.  If the house is actually operated in the long run at reduced amenity, then some measures may be included in the program that are not cost-effective.  Conversely, if less than full amenity were assumed in this step of the analysis and consumers adopted higher levels in response to efficiency improvements, then measures that would have been cost-effective would be eliminated.  The Council assumes in its analysis that consumers will chose higher amenity levels.

It is important to emphasize here that the SUNDAY model is used to determine which representative measures should be incorporated into a program, while holding behavior at pre-determined amenity levels.  Once the relative efficiency change is determined, savings are re-estimated using the forecasting model to incorporate behavioral changes in response to price.  In addition, because the forecast implicitly incorporates an estimate of wood heat and room closure, these are also accounted for in the average estimate of savings from weatherizing houses.  

Tables G-13 through G-16 for single-family and Tables G-17 through G-20 for multifamily buildings show the installed costs, levelized cost in cents per kilowatt-hour, and the engineering savings assuming standard operating conditions from weatherizing the typical prototype houses in four representative climates in the region.  The purpose of these tables is to show the expected reduction in space heating use as weatherization measures are installed in an uninsulated dwelling.  The measures are assumed to be installed in the dwelling in a “least cost” order.  That is, their location in the list is a function of which one has the least expected cost per unit savings.  Since people often install measures out of order, the listings here must be considered as simply representative of the type of expected energy savings that would be secured as insulation is added.  

Since each representative measure saves a different amount of energy in each house design and location, an aggregate supply curve must be developed to represent the weighted average efficiency change for all representative measures in the dwelling types.  The use and cost from each climate zone were combined by weighting each location according to the proportion of electrically heated homes in the climate represented by that location.  The weights used for single family homes were Portland/Zone1 - 37 percent, Seattle/Zone 1 - 48 percent, Spokane/Zone 2 - 11 percent and Missoula/Zone 3 - four percent.  The multifamily weights were Portland/Zone1 - 30 percent, Seattle/Zone 1 - 50 percent, Spokane/Zone 2 -17 percent and Missoula/Zone 3 - three percent.  The regional average thermal integrity curves for each typical house design appear in Table G- 21 for single family homes and Table G-22 for multifamily buildings.

The cost and use for each of the three single-family houses were merged to estimate regional space heating consumption by cents per kilowatt-hour.  The 1983 Pacific Northwest survey indicated that the average pre-1980 electrically heated house was approximately 1,600 square feet.  The 850-square-foot, 1,350-square-foot, and 2184-square-foot houses were weighted to represent approximately 20, 38 and 42 percent, respectively, of the regional stock to achieve the appropriate average house size.  These weights result in an average house size of 1,600 square feet and an average multifamily dwelling unit size of 840 square feet.  Tables G-25 and G-26 show the curve of regionally weighted costs and space heating use for single-family and multifamily houses.  

The vast majority of houses in the region, even those that are not retrofitted, already have some insulation.  Therefore, the base case use on which a the remaining space heating conservation potential must represent the average insulation level of existing dwellings, rather than uninsulated case.  

The Council, reviewed of the historical weatherization program data in Nutrak� to establish the base case insulation values for multifamily units.  It appeared that approximately two-thirds of the multifamily units expected to survive until the year 2015 have already either undergone weatherization or cannot be economically retrofitted.  An average heat loss rate per unit of 247 Btu/0F was assumed to be representative of the multifamily units that remained to be insulated.�  Under standard operating conditions, the space heating use these units is 3,320 kilowatt-hours per year.  If all remaining cost-effective measures are added to the structure, the use under standard operating conditions drops to 2,900 kilowatt-hours per year for a savings 420 kilowatt-hours.

The best estimate of the average insulation level in pre-1979 vintage single-family houses that could be found is from a sample of 228 pre-1979 single-family houses in the End-Use Load and Conservation Assessment Program (ELCAP) where the average heat loss rate (specified in terms of UA) was determined from on-site surveys of the houses.�  The UA value, after normalizing for the regional average square footage of existing houses used in this analysis and including the heat loss effect of infiltration, is approximately 550 Btu/oF.  In order to account for the weatherization actions that have occurred since the ELCAP data was collected, this average was reduced by approximately 20 percent to 505 Btu/oF.  Assuming standard operating conditions, the average  single family home would use approximately 10,900 kilowatt-hours per year for space heating prior to weatherization.  This same home would be use about 9,200 kilowatt-hours per year for space heating after all regionally cost-effective measures had been installed, for a savings of 1,700 kilowatt-hours.  These estimates are for efficiency changes only, and do not incorporate behavioral changes, since amenity and behavior are assumed to be constant as insulation was added.  However, behavioral impacts on the estimate of savings are incorporated when the new thermal efficiency level is used in the forecasting model in the steps described below.

Table G-13

Existing Single Family Space Heating - Portland 



850 sq ft�Portland - Zone 1����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�696�0�17266�0�45�0�0�0�N/A��ATTIC R11�522� $      187 �11622�5645�45�0.4� $   3,078 � $   3,037 �75.0��WALL R11�426� $      527 �8588�3034�45�6.7� $   1,654 � $   1,249 �4.1��ATTIC R19 �409� $      136 �8062�526�45�10.6� $      287 � $      176 �2.6��FLOOR R11�351� $      542 �6296�1766�45�12.8� $      963 � $      515 �2.1��FLOOR R19�339� $      117 �5938�358�45�13.7� $      195 � $         98 �2.0��INFILTRATION @ O.4 ACH�327� $      125 �5576�362�10�16.1� $      232 � $         97 �1.7��ATTIC R30�312� $      162 �5150�426�45�21.4� $      163 � $         36 �1.3��FLOOR R30�302� $      149 �4850�300�45�33.6� $      803 � $     (178)�0.8��STORM WINDOW CL50�250� $      967 �3378�1473�30�35.8� $      198 � $       (60)�0.8��ATTIC R38�247� $        85 �3283�95�45�39.6� $         52 � $       (23)�0.7��ATTIC R49�243� $      117 �3164�119�45�43.6� $         65 � $       (38)�0.6��FLOOR R38�239� $      106 �3070�94�45�50.0� $         51 � $       (42)�0.5��DG Low E WINDOW CL35�226� $      480 �2712�358�45�59.8� $      195 � $     (229)�0.5��DOOR R5�215� $      563 �2413�299�15�118.7� $      127 � $     (422)�0.2��TG Low E WINDOW CL25�206� $      616 �2180�233�45�148.0� $      163 � $     (715)�0.2��

1,350 sq ft�Portland - Zone 1����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�1036�0�27309�0�45�0�0�0�0��ATTIC R11�759� $      297 �18248�9061�45�0.4� $   4,941 � $   4,878 �78.4��WALL R11�639� $      657 �14391�3857�45�6.6� $   2,103 � $   1,599 �4.2��ATTIC R19 �612� $      216 �13539�852�45�10.4� $      465 � $      290 �2.7��FLOOR R11�520� $      861 �10665�2874�45�12.5� $   1,567 � $      857 �2.2��FLOOR R19�501� $      186 �10079�586�45�13.2� $      319 � $      166 �2.1��INFILTRATION @ O.4 ACH�489� $      125 �9702�378�10�15.4� $      384 � $      169 �1.8��ATTIC R30�466� $      257 �8997�704�45�20.7� $      268 � $         67 �1.3��FLOOR R30�449� $      236 �8505�492�45�32.2� $   1,327 � $     (227)�0.9��STORM WINDOW CL50�368� $  1,533 �6072�2433�30�34.3� $      206 � $       (51)�0.8��ATTIC R38�362� $      135 �5916�157�45�38.0� $         85 � $       (33)�0.7��ATTIC R49�355� $      186 �5721�194�45�42.2� $      106 � $       (57)�0.7��FLOOR R38�350� $      169 �5566�155�45�48.3� $         84 � $       (64)�0.6��DG Low E WINDOW CL35�329� $      761 �4970�596�45�56.9� $      325 � $     (347)�0.5��DOOR R5�318� $      563 �4653�318�15�110.4� $      217 � $     (653)�0.2��TG Low E WINDOW CL25�304� $      976 �4255�397�45�139.2� $      173 � $     (704)�0.2��Table G-13 (Cont.)

Existing Single Family Space Heating - Portland

2,184 sq ft�Portland - Zone 1����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�1408� $         -   �35679�0�45�0.0� $         -   � $         -   �0.0��ATTIC R11�1258� $      160 �30847�4833�45�0.4� $   2,635 � $   2,600 �74.9��BSMT WALL R11�1085� $      281 �25316�5531�45�1.2� $   3,016 � $   2,888 �23.6��WALL R11�904� $      989 �19616�5700�45�6.7� $   3,108 � $   2,347 �4.1��ATTIC R19 �890� $      116 �19165�451�45�10.6� $      246 � $      151 �2.6��FLOOR R11�840� $      464 �17638�1527�45�12.7� $      833 � $      449 �2.2��FLOOR R19�830� $      100 �17326�312�45�13.4� $      170 � $         87 �2.0��INFILTRATION @ O.4 ACH�818� $      125 �16951�375�45�15.5� $      206 � $         90 �1.8��ATTIC R30�805� $      138 �16573�378�45�16.0� $      313 � $      131 �1.7��BSMT WALL R21�786� $      216 �16000�573�45�20.6� $      145 � $         37 �1.3��FLOOR R30�778� $      127 �15734�266�45�32.0� $   2,819 � $     (465)�0.9��STORM WINDOW CL50�605� $  3,241 �10565�5169�45�34.6� $      204 � $       (53)�0.8��ATTIC R38�602� $        73 �10480�85�45�47.5� $         46 � $       (34)�0.6��ATTIC R49�598� $      100 �10374�106�45�57.6� $         58 � $       (63)�0.5��FLOOR R38�595� $        91 �10289�84�45�58.9� $      695 � $     (792)�0.5��DG Low E WINDOW CL35�551� $  1,610 �9016�1274�45�77.5� $         46 � $       (84)�0.4��DOOR R5�540� $      563 �8696�319�45�117.1� $      455 � $ (1,482)�0.2��TG Low E WINDOW CL25�510� $  2,063 �7862�835�45�151.7� $      174 � $     (786)�0.2��

Table G-14

Existing Single Family Space Heating - Seattle

850 sq ft�Seattle - Zone 1����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�696�0�19832�0�45�0�0�0�N/A��ATTIC R11�522� $            187 �13360�6472�45�0.2� $          3,530 � $          3,507 �157.6��WALL R11�426� $            527 �9852�3507�45�5.7� $          1,913 � $          1,518 �4.8��ATTIC R19 �409� $            136 �9246�607�45�9.0� $             331 � $             222 �3.0��FLOOR R11�351� $            542 �7210�2036�45�10.9� $          1,110 � $             668 �2.5��FLOOR R19�339� $            117 �6799�411�45�11.8� $             224 � $             128 �2.3��INFILTRATION @ O.4 ACH�327� $            125 �6383�416�10�13.9� $             266 � $             131 �2.0��ATTIC R30�312� $            162 �5895�487�45�18.6� $             186 � $                60 �1.5��FLOOR R30�302� $            149 �5553�342�45�29.5� $             912 � $              (65)�0.9��STORM WINDOW CL50�250� $            967 �3881�1673�30�31.0� $             227 � $              (29)�0.9��ATTIC R38�247� $               85 �3774�107�45�35.0� $                58 � $              (16)�0.8��ATTIC R49�243� $            117 �3640�133�45�38.6� $                73 � $              (29)�0.7��FLOOR R38�239� $            106 �3534�106�45�44.3� $                58 � $              (35)�0.6��DG Low E WINDOW CL35�226� $            480 �3131�403�45�52.9� $             220 � $            (203)�0.5��DOOR R5�215� $            563 �2794�337�15�105.3� $             143 � $            (405)�0.3��TG Low E WINDOW CL25�206� $            616 �2531�263�45�131.3� $             184 � $            (693)�0.2���Table G-14 (Cont.)

Existing Single Family Space Heating - Seattle

1,350 sq ft�Seattle - Zone 1����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�1036�0�31322�0�45�0�0�0�0��ATTIC R11�759� $            297 �20962�10360�45�0.2� $          5,650 � $          5,616 �167.3��WALL R11�639� $            657 �16519�4444�45�5.6� $          2,423 � $          1,932 �4.9��ATTIC R19 �612� $            216 �15530�989�45�8.8� $             539 � $             367 �3.1��FLOOR R11�520� $            861 �12217�3313�45�10.7� $          1,807 � $          1,107 �2.6��FLOOR R19�501� $            186 �11544�673�45�11.4� $             367 � $             215 �2.4��INFILTRATION @ O.4 ACH�489� $            125 �11110�434�10�13.3� $             441 � $             229 �2.1��ATTIC R30�466� $            257 �10301�809�45�17.8� $             308 � $             108 �1.5��FLOOR R30�449� $            236 �9736�565�45�28.0� $          1,518 � $              (27)�1.0��STORM WINDOW CL50�368� $         1,533 �6952�2784�30�29.7� $             237 � $              (19)�0.9��ATTIC R38�362� $            135 �6772�179�45�33.0� $                98 � $              (20)�0.8��ATTIC R49�355� $            186 �6550�222�45�36.8� $             121 � $              (41)�0.7��FLOOR R38�350� $            169 �6373�177�45�42.1� $                97 � $              (51)�0.7��DG Low E WINDOW CL35�329� $            761 �5694�679�45�49.8� $             370 � $            (300)�0.6��DOOR R5�318� $            563 �5334�360�15�98.0� $             244 � $            (625)�0.3��TG Low E WINDOW CL25�304� $            976 �4887�447�45�122.7� $             196 � $            (680)�0.2��







2,184 sq ft�Seattle - Zone 1����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�1408� $                -   �40989�0�45�0.0� $                 -   � $                 -   �0.0��ATTIC R11�1258� $            160 �35416�5573�45�0.2� $          3,039 � $          3,020 �164.1��BSMT WALL R11�1085� $            281 �29028�6388�45�0.9� $          3,484 � $          3,375 �32.0��WALL R11�904� $            989 �22454�6575�45�5.7� $          3,585 � $          2,844 �4.8��ATTIC R19 �890� $            116 �21933�521�45�9.0� $             284 � $             191 �3.1��FLOOR R11�840� $            464 �20168�1764�45�10.8� $             962 � $             584 �2.5��FLOOR R19�830� $            100 �19808�360�45�11.5� $             196 � $             114 �2.4��INFILTRATION @ O.4 ACH�818� $            125 �19377�432�45�13.4� $             236 � $             122 �2.1��ATTIC R30�805� $            138 �18943�433�45�13.8� $             357 � $             177 �2.0��BSMT WALL R21�786� $            216 �18289�655�45�17.9� $             165 � $                58 �1.5��FLOOR R30�778� $            127 �17985�303�45�28.0� $          3,214 � $              (53)�1.0��STORM WINDOW CL50�605� $         3,241 �12092�5894�45�29.9� $             235 � $              (20)�0.9��ATTIC R38�602� $               73 �11995�96�45�41.8� $                53 � $              (27)�0.7��ATTIC R49�598� $            100 �11876�120�45�50.8� $                65 � $              (55)�0.5��FLOOR R38�595� $               91 �11780�95�45�52.4� $             778 � $            (705)�0.5��DG Low E WINDOW CL35�551� $         1,610 �10354�1426�45�68.7� $                52 � $              (78)�0.4��DOOR R5�540� $            563 �9995�359�45�103.0� $             517 � $        (1,419)�0.3��TG Low E WINDOW CL25�510� $         2,063 �9048�947�45�134.9� $             196 � $            (764)�0.2��

�Table G-15

Existing Single Family Space Heating - Spokane

850 sq ft�Spokane - Zone 2����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�696�0�26761�0�45�0�0�0�N/A��ATTIC R11�522� $            187 �18582�8179�45�-0.1� $          4,461 � $          4,480 �-226.9��WALL R11�426� $            527 �14123�4459�45�4.2� $          2,432 � $          2,058 �6.5��ATTIC R19 �409� $            136 �13346�777�45�6.8� $             424 � $             319 �4.0��FLOOR R11�351� $            542 �10729�2616�45�8.3� $          1,427 � $             998 �3.3��FLOOR R19�339� $            117 �10196�533�45�8.8� $             291 � $             198 �3.1��INFILTRATION @ O.4 ACH�327� $            125 �9652�544�10�10.3� $             349 � $             218 �2.7��ATTIC R30�312� $            162 �9012�640�45�13.8� $             246 � $             122 �2.0��FLOOR R30�302� $            149 �8561�451�45�21.6� $          1,225 � $             261 �1.3��STORM WINDOW CL50�250� $            967 �6314�2247�30�23.5� $             297 � $                43 �1.2��ATTIC R38�247� $               85 �6169�146�45�25.4� $                79 � $                  6 �1.1��ATTIC R49�243� $            117 �5987�182�45�28.0� $                99 � $                (2)�1.0��FLOOR R38�239� $            106 �5842�145�45�32.2� $                79 � $              (13)�0.9��DG Low E WINDOW CL35�226� $            480 �5291�551�45�38.4� $             301 � $            (119)�0.7��DOOR R5�215� $            563 �4826�465�15�75.1� $             200 � $            (346)�0.4��TG Low E WINDOW CL25�206� $            616 �4459�367�45�94.8� $             254 � $            (620)�0.3��







1,350 sq ft�Spokane - Zone 2����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�1036�0�41403�0�45�0�0�0�0��ATTIC R11�759� $            297 �28344�13058�45�-0.1� $          7,121 � $          7,154 �-215.3��WALL R11�639� $            657 �22728�5617�45�4.2� $          3,063 � $          2,598 �6.6��ATTIC R19 �612� $            216 �21481�1247�45�6.7� $             680 � $             514 �4.1��FLOOR R11�520� $            861 �17273�4208�45�8.1� $          2,295 � $          1,615 �3.4��FLOOR R19�501� $            186 �16414�858�45�8.7� $             468 � $             320 �3.2��INFILTRATION @ O.4 ACH�489� $            125 �15861�553�10�10.1� $             564 � $             356 �2.7��ATTIC R30�466� $            257 �14827�1034�45�13.6� $             397 � $             200 �2.0��FLOOR R30�449� $            236 �14100�727�45�21.2� $          1,982 � $             456 �1.3��STORM WINDOW CL50�368� $         1,533 �10465�3635�30�23.1� $             301 � $                48 �1.2��ATTIC R38�362� $            135 �10228�237�45�24.7� $             129 � $                13 �1.1��ATTIC R49�355� $            186 �9932�296�45�27.4� $             161 � $                  1 �1.0��FLOOR R38�350� $            169 �9696�236�45�31.3� $             129 � $              (18)�0.9��DG Low E WINDOW CL35�329� $            761 �8790�906�45�37.0� $             494 � $            (171)�0.7��DOOR R5�318� $            563 �8308�482�15�72.5� $             328 � $            (537)�0.4��TG Low E WINDOW CL25�304� $            976 �7706�601�45�91.4� $             263 � $            (611)�0.3��

�Table G-15 (Cont.)

Existing Single Family Space Heating - Spokane

2,184 sq ft�Spokane - Zone 2����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�1408� $                -   �54276�0�45�0.0� $                 -   � $                 -   �0.0��ATTIC R11�1258� $            160 �47295�6981�45�-0.1� $          3,807 � $          3,823 �-235.5��BSMT WALL R11�1085� $            281 �39247�8048�45�0.4� $          4,389 � $          4,318 �61.6��WALL R11�904� $            989 �30927�8320�45�4.3� $          4,538 � $          3,835 �6.5��ATTIC R19 �890� $            116 �30263�664�45�6.8� $             362 � $             272 �4.0��FLOOR R11�840� $            464 �28009�2253�45�8.2� $          1,229 � $             862 �3.3��FLOOR R19�830� $            100 �27548�462�45�8.7� $             252 � $             172 �3.2��INFILTRATION @ O.4 ACH�818� $            125 �26994�554�45�10.1� $             305 � $             193 �2.7��ATTIC R30�805� $            138 �26434�559�45�10.4� $             461 � $             286 �2.6��BSMT WALL R21�786� $            216 �25588�846�45�13.6� $             214 � $             108 �2.0��FLOOR R30�778� $            127 �25196�392�45�21.2� $          4,194 � $             967 �1.3��STORM WINDOW CL50�605� $         3,241 �17505�7691�45�23.0� $             302 � $                49 �1.2��ATTIC R38�602� $               73 �17378�127�45�31.6� $                69 � $              (10)�0.9��ATTIC R49�598� $            100 �17221�158�45�38.3� $                86 � $              (34)�0.7��FLOOR R38�595� $               91 �17095�126�45�39.2� $          1,033 � $            (439)�0.7��DG Low E WINDOW CL35�551� $         1,610 �15201�1895�45�51.8� $                68 � $              (60)�0.5��DOOR R5�540� $            563 �14722�479�45�77.0� $             689 � $        (1,239)�0.4��TG Low E WINDOW CL25�510� $         2,063 �13458�1263�45�100.7� $             261 � $            (695)�0.3��



Table G-16

Existing Single Family Space Heating - Missoula

850 sq ft�Missoula - Zone 3����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�696�0�31071�0�45�0�0�0�N/A��ATTIC R11�522� $            187 �21705�9366�45�-0.3� $          5,108 � $          5,160 �-97.6��WALL R11�426� $            527 �16570�5135�45�3.5� $          2,800 � $          2,442 �7.8��ATTIC R19 �409� $            136 �15670�900�45�5.7� $             491 � $             389 �4.8��FLOOR R11�351� $            542 �12629�3040�45�7.0� $          1,658 � $          1,239 �4.0��FLOOR R19�339� $            117 �12009�621�45�7.4� $             339 � $             247 �3.7��INFILTRATION @ O.4 ACH�327� $            125 �11375�633�10�8.7� $             406 � $             278 �3.2��ATTIC R30�312� $            162 �10630�745�45�11.7� $             286 � $             164 �2.3��FLOOR R30�302� $            149 �10105�525�45�18.5� $          1,420 � $             464 �1.5��STORM WINDOW CL50�250� $            967 �7502�2603�30�20.0� $             345 � $                94 �1.4��ATTIC R38�247� $               85 �7334�168�45�21.8� $                92 � $                19 �1.3��ATTIC R49�243� $            117 �7124�210�45�24.1� $             115 � $                14 �1.1��FLOOR R38�239� $            106 �6956�167�45�27.7� $                91 � $                (1)�1.0��DG Low E WINDOW CL35�226� $            480 �6318�638�45�33.0� $             348 � $              (70)�0.8��DOOR R5�215� $            563 �5780�538�15�64.7� $             231 � $            (313)�0.4��TG Low E WINDOW CL25�206� $            616 �5355�424�45�81.7� $             294 � $            (579)�0.3���Table G-16 (Cont.)

Existing Single Family Space Heating - Missoula



1,350 sq ft�Missoula - Zone 3����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�1036�0�47955�0�45�0�0�0�0��ATTIC R11�759� $            297 �33028�14926�45�-0.3� $          8,140 � $          8,225 �-96.3��WALL R11�639� $            657 �26581�6447�45�3.5� $          3,516 � $          3,070 �7.9��ATTIC R19 �612� $            216 �25139�1443�45�5.7� $             787 � $             625 �4.9��FLOOR R11�520� $            861 �20256�4883�45�6.9� $          2,663 � $          1,998 �4.0��FLOOR R19�501� $            186 �19257�999�45�7.3� $             545 � $             400 �3.8��INFILTRATION @ O.4 ACH�489� $            125 �18614�643�10�8.5� $             656 � $             452 �3.2��ATTIC R30�466� $            257 �17411�1203�45�11.5� $             461 � $             268 �2.4��FLOOR R30�449� $            236 �16565�846�45�18.1� $          2,299 � $             786 �1.5��STORM WINDOW CL50�368� $         1,533 �12348�4216�30�19.7� $             351 � $             100 �1.4��ATTIC R38�362� $            135 �12075�274�45�21.2� $             149 � $                34 �1.3��ATTIC R49�355� $            186 �11734�341�45�23.6� $             186 � $                26 �1.2��FLOOR R38�350� $            169 �11462�272�45�27.0� $             148 � $                  3 �1.0��DG Low E WINDOW CL35�329� $            761 �10417�1045�45�31.9� $             570 � $              (92)�0.9��DOOR R5�318� $            563 �9861�557�15�62.5� $             380 � $            (483)�0.4��TG Low E WINDOW CL25�304� $            976 �9165�696�45�79.0� $             304 � $            (568)�0.3��



2,184 sq ft�Missoula - Zone 3����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�1408� $                -   �63081�0�45�0.0� $                 -   � $                 -   �0.0��ATTIC R11�1258� $            160 �55061�8021�45�-0.3� $          4,374 � $          4,419 �-97.6��BSMT WALL R11�1085� $            281 �45794�9267�45�0.2� $          5,054 � $          5,010 �115.3��WALL R11�904� $            989 �36178�9616�45�3.5� $          5,244 � $          4,571 �7.8��ATTIC R19 �890� $            116 �35410�767�45�5.8� $             418 � $             331 �4.8��FLOOR R11�840� $            464 �32803�2608�45�6.9� $          1,422 � $          1,063 �4.0��FLOOR R19�830� $            100 �32267�536�45�7.3� $             292 � $             214 �3.7��INFILTRATION @ O.4 ACH�818� $            125 �31623�643�45�8.5� $             354 � $             244 �3.2��ATTIC R30�805� $            138 �30974�649�45�8.8� $             537 � $             365 �3.1��BSMT WALL R21�786� $            216 �29989�985�45�11.5� $             249 � $             145 �2.4��FLOOR R30�778� $            127 �29531�457�45�18.2� $          4,836 � $          1,635 �1.5��STORM WINDOW CL50�605� $         3,241 �20664�8867�45�19.7� $             351 � $             100 �1.4��ATTIC R38�602� $               73 �20518�146�45�27.2� $                80 � $                  1 �1.0��ATTIC R49�598� $            100 �20336�182�45�33.0� $                99 � $              (20)�0.8��FLOOR R38�595� $               91 �20191�145�45�33.9� $          1,189 � $            (277)�0.8��DG Low E WINDOW CL35�551� $         1,610 �18011�2180�45�44.6� $                79 � $              (49)�0.6��DOOR R5�540� $            563 �17466�545�45�67.3� $             786 � $        (1,138)�0.4��TG Low E WINDOW CL25�510� $         2,063 �16024�1441�45�88.4� $             297 � $            (658)�0.3��

�Table G-17

Existing Multifamily Space Heating - Portland

�Portland - Zone 1���12 units @ 840 sq ft/dwelling unit�������Measure�Building UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�4565�0�74479�0�45�0� $           -   � $            -   �N/A��ATTIC R11�3819� $             801 �54276�20203�45�0.7� $ 11,017 � $   10,752 �41.5��WALL R11�3214� $          3,305 �38691�15585�45�8.5� $    8,499 � $     5,876 �3.2��ATTIC R19�3141� $             582 �36863�1828�45�13.3� $       997 � $        514 �2.1��INFILTRATION @ 0.35 ACH�2971� $          1,500 �32631�4232�10�16.5� $    3,250 � $     1,296 �1.7��FLOOR R11�2723� $          2,321 �26672�5960�45�18.0� $       646 � $        222 �1.5��FLOOR R19�2672� $             501 �25487�1184�45�20.8� $       779 � $        189 �1.3��ATTIC R30�2610� $             692 �24059�1429�45�34.3� $    7,269 � $   (1,790)�0.8��STORM WINDOW CL50�1983� $          8,921 �10729�13329�30�34.7� $       440 � $       (115)�0.8��FLOOR R30�1940� $             637 �9922�807�45�36.8� $    2,308 � $       (782)�0.7��ATTIC R38�1925� $             364 �9656�267�45�60.8� $       145 � $       (176)�0.5��ATTIC R49�1907� $             501 �9322�333�45�67.0� $       182 � $       (261)�0.4��DG Low E WINDOW CL35�1747� $          4,418 �6712�2610�45�75.7� $    1,423 � $   (2,493)�0.4��FLOOR R38�1733� $             455 �6500�212�45�96.1� $       116 � $       (289)�0.3��DOOR R5�1699� $          1,688 �6010�490�15�171.2� $       815 � $   (4,256)�0.2��TG Low E WINDOW CL25�1591� $          5,672 �4516�1494�45�272.0� $       267 � $   (2,375)�0.1��



Table G-18

Existing Multifamily Space Heating - Seattle

�Seattle - Zone 1��12 units @ 840 sq ft/dwelling unit��������Measure�Building UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�4565�0�85199�0�45�0� $           -   � $            -   �N/A��ATTIC R11�3819� $             801 �62139�23060�45�0.4� $ 12,575 � $   12,375 �62.6��WALL R11�3214� $          3,305 �44451�17689�45�7.3� $    9,646 � $     7,071 �3.7��ATTIC R19�3141� $             582 �42412�2039�45�11.8� $    1,112 � $        634 �2.3��INFILTRATION @ 0.35 ACH�2971� $          1,500 �37699�4713�10�14.6� $    3,651 � $     1,714 �1.9��FLOOR R11�2723� $          2,321 �31004�6695�45�15.8� $       731 � $        311 �1.7��FLOOR R19�2672� $             501 �29664�1340�45�18.3� $       880 � $        293 �1.5��ATTIC R30�2610� $             692 �28051�1613�45�30.3� $    8,189 � $       (833)�0.9��STORM WINDOW CL50�1983� $          8,921 �13036�15015�30�30.5� $       499 � $         (54)�0.9��FLOOR R30�1940� $             637 �12121�915�45�33.0� $    2,570 � $       (509)�0.8��ATTIC R38�1925� $             364 �11819�302�45�53.6� $       165 � $       (156)�0.5��ATTIC R49�1907� $             501 �11442�377�45�59.1� $       206 � $       (236)�0.5��DG Low E WINDOW CL35�1747� $          4,418 �8369�3073�45�64.1� $    1,676 � $   (2,230)�0.4��FLOOR R38�1733� $             455 �8115�254�45�80.2� $       138 � $       (265)�0.3��DOOR R5�1699� $          1,688 �7529�586�15�142.2� $       980 � $   (4,084)�0.2��TG Low E WINDOW CL25�1591� $          5,672 �5733�1796�45�227.3� $       319 � $   (2,321)�0.1��

�Table G-19

Existing Multifamily Space Heating - Spokane

�Spokane - Zone 2���12 units @ 840 sq ft/dwelling unit�������Measure�Building UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�4565�0�125083�0�45�0� $           -   � $            -   �N/A��ATTIC R11�3819� $             801 �95129�29954�45�0.1� $ 16,335 � $   16,290 �359.2��WALL R11�3214� $          3,305 �71550�23579�45�5.2� $ 12,859 � $   10,416 �5.3��ATTIC R19�3141� $             582 �68779�2771�45�8.4� $    1,511 � $     1,049 �3.3��INFILTRATION @ 0.35 ACH�2971� $          1,500 �62371�6409�10�10.4� $    4,965 � $     3,082 �2.6��FLOOR R11�2723� $          2,321 �53266�9105�45�11.3� $       999 � $        590 �2.4��FLOOR R19�2672� $             501 �51433�1832�45�13.1� $    1,205 � $        632 �2.1��ATTIC R30�2610� $             692 �49224�2210�45�19.3� $       772 � $        231 �1.4��STORM WINDOW CL50�1983� $          8,921 �27818�21405�30�20.9� $ 11,673 � $     2,796 �1.3��FLOOR R30�1940� $             637 �26402�1416�45�23.9� $    3,495 � $        454 �1.1��ATTIC R38�1925� $             364 �25931�471�45�34.0� $       257 � $         (60)�0.8��ATTIC R49�1907� $             501 �25343�588�45�37.5� $       321 � $       (116)�0.7��DG Low E WINDOW CL35�1747� $          4,418 �20289�5054�45�38.5� $    2,756 � $   (1,106)�0.7��FLOOR R38�1733� $             455 �19843�445�45�45.2� $       243 � $       (157)�0.6��DOOR R5�1699� $          1,688 �18816�1027�15�78.6� $    1,760 � $   (3,272)�0.3��TG Low E WINDOW CL25�1591� $          5,672 �15589�3227�45�129.1� $       560 � $   (2,070)�0.2��



Table G-20

Existing Multifamily Space Heating - Missoula

�Missoula - Zone 3���12 units @ 840 sq ft/dwelling unit�������Measure�Building UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�4565�0�147079�0�45�0� $           -   � $            -   �N/A��ATTIC R11�3819� $             801 �111828�35251�45�-0.1� $ 19,224 � $   19,314 �-212.8��WALL R11�3214� $          3,305 �84333�27495�45�4.3� $ 14,994 � $   12,640 �6.4��ATTIC R19�3141� $             582 �81088�3245�45�7.0� $    1,770 � $     1,319 �3.9��INFILTRATION @ 0.35 ACH�2971� $          1,500 �73572�7516�10�8.7� $    5,836 � $     3,988 �3.2��FLOOR R11�2723� $          2,321 �62871�10701�45�9.3� $    1,186 � $        785 �3.0��FLOOR R19�2672� $             501 �60696�2175�45�10.8� $    1,433 � $        870 �2.5��ATTIC R30�2610� $             692 �58069�2627�45�16.8� $       881 � $        344 �1.6��STORM WINDOW CL50�1983� $          8,921 �33025�25043�30�17.7� $ 13,657 � $     4,862 �1.6��FLOOR R30�1940� $             637 �31410�1615�45�20.2� $    4,099 � $     1,083 �1.4��ATTIC R38�1925� $             364 �30874�536�45�29.7� $       292 � $         (23)�0.9��ATTIC R49�1907� $             501 �30205�670�45�32.8� $       365 � $         (70)�0.8��DG Low E WINDOW CL35�1747� $          4,418 �24476�5729�45�33.9� $    3,124 � $       (722)�0.8��FLOOR R38�1733� $             455 �23966�510�45�39.4� $       278 � $       (120)�0.7��DOOR R5�1699� $          1,688 �22789�1177�15�68.5� $    2,017 � $   (3,004)�0.4��TG Low E WINDOW CL25�1591� $          5,672 �19090�3699�45�112.6� $       642 � $   (1,985)�0.2��

�Table G-21

Existing Single Family Space Heating - Regional Average

850 sq ft�Region����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�696�0�20094�0�45�0�0�0�N/A��ATTIC R11�522� $            187 �13625�6470�45�0.2� $          3,528 � $          3,506 �157.1��WALL R11�426� $            527 �10123�3502�45�5.7� $          1,910 � $          1,515 �4.8��ATTIC R19 �409� $            136 �9516�607�45�9.0� $             331 � $             222 �3.0��FLOOR R11�351� $            542 �7476�2040�45�10.9� $          1,112 � $             671 �2.5��FLOOR R19�339� $            117 �7063�414�45�11.7� $             226 � $             130 �2.4��INFILTRATION @ O.4 ACH�327� $            125 �6643�419�10�13.8� $             268 � $             134 �2.0��ATTIC R30�312� $            162 �6152�492�45�18.4� $             188 � $                62 �1.5��FLOOR R30�302� $            149 �5806�345�45�29.0� $             927 � $              (50)�0.9��STORM WINDOW CL50�250� $            967 �4107�1699�30�30.8� $             229 � $              (27)�0.9��ATTIC R38�247� $               85 �3998�109�45�34.2� $                59 � $              (15)�0.8��ATTIC R49�243� $            117 �3862�136�45�37.8� $                74 � $              (28)�0.7��FLOOR R38�239� $            106 �3753�108�45�43.3� $                59 � $              (34)�0.6��DG Low E WINDOW CL35�226� $            480 �3341�412�45�51.7� $             225 � $            (198)�0.5��DOOR R5�215� $            563 �2996�345�15�102.5� $             147 � $            (401)�0.3��TG Low E WINDOW CL25�206� $            616 �2726�270�45�128.2� $             188 � $            (689)�0.2��





1350 sq ft�Region����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�1036�0�31611�0�45�0�0�0�0��ATTIC R11�759� $            297 �21253�10359�45�0.2� $          5,649 � $          5,615 �167.2��WALL R11�639� $            657 �16817�4436�45�5.6� $          2,419 � $          1,927 �4.9��ATTIC R19 �612� $            216 �15832�985�45�8.8� $             537 � $             365 �3.1��FLOOR R11�520� $            861 �12520�3312�45�10.7� $          1,806 � $          1,106 �2.6��FLOOR R19�501� $            186 �11846�674�45�11.4� $             368 � $             216 �2.4��INFILTRATION @ O.4 ACH�489� $            125 �11412�435�10�13.2� $             442 � $             230 �2.1��ATTIC R30�466� $            257 �10601�811�45�17.8� $             309 � $             110 �1.5��FLOOR R30�449� $            236 �10034�567�45�27.8� $          1,530 � $              (15)�1.0��STORM WINDOW CL50�368� $         1,533 �7229�2805�30�29.7� $             237 � $              (19)�0.9��ATTIC R38�362� $            135 �7047�181�45�32.7� $                99 � $              (19)�0.8��ATTIC R49�355� $            186 �6823�225�45�36.4� $             123 � $              (39)�0.8��FLOOR R38�350� $            169 �6644�179�45�41.6� $                98 � $              (50)�0.7��DG Low E WINDOW CL35�329� $            761 �5956�688�45�49.1� $             375 � $            (295)�0.6��DOOR R5�318� $            563 �5590�366�15�96.1� $             248 � $            (620)�0.3��TG Low E WINDOW CL25�304� $            976 �5135�455�45�120.8� $             199 � $            (677)�0.2��������������Table G-21 (Cont.)

Existing Single Family Space Heating - Missoula

2184 sq ft�Region����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�1408� $                -   �41370�0�45�0.0� $                 -   � $                 -   �0.0��ATTIC R11�1258� $            160 �35818�5552�45�0.2� $          3,028 � $          3,009 �159.4��BSMT WALL R11�1085� $            281 �29449�6369�45�0.9� $          3,473 � $          3,364 �31.8��WALL R11�904� $            989 �22885�6565�45�5.7� $          3,580 � $          2,838 �4.8��ATTIC R19 �890� $            116 �22364�521�45�9.0� $             284 � $             191 �3.1��FLOOR R11�840� $            464 �20600�1764�45�10.8� $             962 � $             584 �2.5��FLOOR R19�830� $            100 �20239�360�45�11.5� $             197 � $             115 �2.4��INFILTRATION @ O.4 ACH�818� $            125 �19807�432�45�13.3� $             237 � $             123 �2.1��ATTIC R30�805� $            138 �19372�435�45�13.7� $             359 � $             180 �2.0��BSMT WALL R21�786� $            216 �18713�659�45�17.8� $             167 � $                59 �1.5��FLOOR R30�778� $            127 �18407�306�45�27.7� $          3,240 � $              (26)�1.0��STORM WINDOW CL50�605� $         3,241 �12465�5942�45�29.8� $             236 � $              (20)�0.9��ATTIC R38�602� $               73 �12368�98�45�41.3� $                53 � $              (27)�0.7��ATTIC R49�598� $            100 �12246�121�45�50.2� $                66 � $              (54)�0.5��FLOOR R38�595� $               91 �12150�97�45�51.5� $             792 � $            (691)�0.5��DG Low E WINDOW CL35�551� $         1,610 �10698�1452�45�67.7� $                53 � $              (77)�0.4��DOOR R5�540� $            563 �10333�365�45�101.6� $             524 � $        (1,411)�0.3��TG Low E WINDOW CL25�510� $         2,063 �9373�960�45�132.6� $             199 � $            (760)�0.2��



Table G-22

Existing Multifamily Space Heating - Regional Average

�Region���12 units @ 840 sq ft/dwelling unit�������Measure�Building UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�4565�0�90620�0�45�0� $           -   � $            -   �N/A��ATTIC R11�3819� $             801 �66879�23740�45�0.4� $ 12,947 � $   12,761 �69.8��WALL R11�3214� $          3,305 �48526�18353�45�7.0� $ 10,009 � $     7,448 �3.9��ATTIC R19�3141� $             582 �46390�2136�45�11.2� $    1,165 � $        689 �2.4��INFILTRATION @ 0.35 ACH�2971� $          1,500 �41449�4941�10�13.9� $    3,820 � $     1,889 �2.0��FLOOR R11�2723� $          2,321 �34445�7004�45�15.1� $       765 � $        346 �1.8��FLOOR R19�2672� $             501 �33043�1402�45�17.4� $       921 � $        337 �1.6��ATTIC R30�2610� $             692 �31353�1689�45�28.1� $       539 � $         (12)�1.0��STORM WINDOW CL50�1983� $          8,921 �15457�15897�30�28.6� $    8,669 � $       (332)�1.0��FLOOR R30�1940� $             637 �14468�989�45�31.4� $    2,694 � $       (380)�0.9��ATTIC R38�1925� $             364 �14141�327�45�49.4� $       178 � $       (142)�0.6��ATTIC R49�1907� $             501 �13732�409�45�54.4� $       223 � $       (218)�0.5��DG Low E WINDOW CL35�1747� $          4,418 �10381�3351�45�58.7� $    1,827 � $   (2,073)�0.5��FLOOR R38�1733� $             455 �10100�282�45�72.2� $       154 � $       (250)�0.4��DOOR R5�1699� $          1,688 �9450�650�15�127.2� $    1,094 � $   (3,965)�0.2��TG Low E WINDOW CL25�1591� $          5,672 �7444�2006�45�204.8� $       354 � $   (2,284)�0.1��

Step 2.  Develop Conservation Savings Estimates that are Consistent with the Council’s Forecast, and Incorporate Behavioral Impacts

The Council’s supply curve for the total amount of conservation available in existing residential buildings was developed for the year 2015.  This was done for three reasons.  First, the supply of energy available through conservation in existing buildings is constrained by the rates at which measures can be implemented.  Second, these rates are constrained by the need for additional energy supplies.  Third, some existing houses will be torn down by the year 2015, and others may change their primary heating fuel.  As a result, the conservation savings from existing buildings diminish with time because of removal and can also change due to altered selections of heating fuel.  By developing its retrofit supply function for the year 2015, the Council was able to account for demolitions and set deployment schedules based on the need for additional supplies, which is done in the Integrated Systems for Analysis of Acquisitions model.

The estimates are based on the size of the existing housing stock and savings per house that will be expected in the year 2015.  These estimates will vary from savings expected in the near term, not only because electricity prices change over this time period, but also because of expected equipment changes in residential households.  For example, over this period, it is expected that residential appliances, such as refrigerators and freezers, will become much more efficient.  During cold periods, the space heating equipment must then make up for the lack of heat that was once given off by the less efficient appliance.  For residential space heating, these factors act to make savings look larger at the end of the forecast period.  However, the magnitude of this effect is small.  In addition, the savings expected in the year 2015 are consistent with the pre-conservation consumption used in the forecast.

The forecast model, combined with information from utility weatherization programs, was used to determine the number of electrically heated houses built before 1979 that would survive to 2015 and could still be retrofitted.  Houses built after 1979 are not included as weatherization potential.  These houses represent a lost-opportunity for conservation because they are insulated well enough that additional weatherization is generally not cost-effective, yet they are not insulated to the full level that is cost-effective for new homes.  Houses that have electric heating systems, but heat primarily with wood, are also not included in the stock remaining to be weatherized.  The retrofit savings in this chapter are based only on houses primarily heated with electricity.  

In 1979, the stock of primarily electric space-heated single-family houses totaled 871,600.  For multifamily units the number was 322,300.  The existing housing stock is estimated to have an average lifetime of approximately 80 years.  Today, the average age of the existing stock is approximately 25 years.  By the year 2015, a number of these existing houses will have been removed from the housing stock because of such things as fire and decay.  In addition, some houses may have changed their primary heating fuel either into, or away from, electricity over this period, as modeled in the forecast.  Consequently, the remaining pre-1980 vintage stock in 2015, given the Council’s average lifetime estimates and fuel choice, is approximately 825,000 single-family houses and 265,000 multifamily units.

In determining the number of weatherized houses that will survive until 2015 it has been assumed weatherized houses are not as likely to be removed from the housing stock between now and 2015 as units that are not weatherized.  It seems likely that houses that are considered valuable enough to invest in for weatherization are probably not the houses that will decay out of the housing stock first.

A number of the houses that will survive to 2015 have already been weatherized through either utility-sponsored weatherization programs or by their owners.  Therefore, the remaining conservation potential consists only of those houses that 1) have not yet been fully weatherized, 2) will survive in 2015; and, 3) have electric space heating in 2015.  Using data supplied to the Council by Bonneville and the region’s electric utilities it was estimated that approximately 125,000 single-family dwellings and 85,000 multifamily units remain to be weatherized.

Once the remaining number of houses to be weatherized is established, then the engineering model’s estimate of the level of thermal integrity improvement that is regionally cost-effective can be modeled in the load forecast.  This is done by running the load forecast model under the assumption that all remaining homes and multifamily units are completely retrofitted with all cost-effective measures.  Table G-23 compares the results of the engineering model with those produced by the load forecasting model.  The difference in post-retrofit savings for both single family and multifamily are quite small, indicating that the magnitude of the efficiency improvements does not significantly shift consumer behavior.

The remaining conservation potential can then be derived by multiplying the “calibrated” regional average cost effective savings per unit by the remaining units.  For multifamily units, the technical potential equals 413 kilowatt-hours per year x 85,000 units /8,760,000 kilowatt-hours per average megawatt = 4 Average megawatts.  For single family the technical potential equals 1770 kilowatt-hour per year x 125,000 units / 8,760,000 kilowatt-hours per average megawatt = 25 average megawatts.  

Table G-23

Load Forecast Calibration Results

�Forecast Model�Engineering Model�Difference��Housing Type�(kWh/Year)�(kWh/Year)�(kWh/yr)��Pre-Retrofit Single Family�11294�10923���Post-Retrofit Single Family�9524�9211���Savings�1770�1712�58�������Pre-Retrofit Multifamily�3269�3322���Post-Retrofit Multifamily�2857�2903���Savings�413�419�-7��Step 3.  Compare Savings and Costs Estimates with Observed Savings and Costs 

As discussed under Step 1, the measure costs used in this analysis were taken from actual utility program experience.  The most recent (1991 program year) evaluation results from Bonneville’s residential weatherization program indicate that average savings per retrofitted home are about 2,445 kilowatt-hours per year.  These savings are not directly comparable to the findings of this analysis because not all of the measures installed in the program are regionally cost-effective given today’s much lower avoided costs.  A comparison of the evaluation’s savings estimate to one that includes all of the measures that were regionally cost-effective at the avoided cost being used in 1991 (6.0 cents per kilowatt-hour in 1995 dollars), shows reasonable agreement (2,370 kilowatt-hours vs.  2,445 kilowatt-hours).  No comparable evaluation data were available for multifamily dwellings that reflect the more limited set of measures that have been identified as regionally cost-effective in this analysis.  

Step 4.  Estimate Achievable Potential

The Council has assumed that 85 percent of the remaining technically available and regionally cost-effective space heating conservation potential is achievable over the next 20 years.  This amounts to approximately 25 average megawatts in the Council’s medium forecast.  The assumption that 85 percent of the potential can be achieved represents actions by utilities and potentially other parties.  Even with utility restructuring, some utilities will continue to offer residential weatherization services to their customers, although it is expected that program “participants” will be asked to shoulder more of the cost of retrofitting their homes.  Table G-24 shows the technically available and achievable resource potential in existing single and multifamily buildings by levelized cost.

Table G-24 

Existing Space Heating - Supply Curve

Resource Costs (Mills/kWh)�Technical Potential (AMW)�Achievable Potential (AMW)��0�0�0��10�2�2��20�25�20��30�30�25��40�35�30��50�55�45��60�60�50��Space Heating Conservation in New Residential Buildings

Figures G-19, G-20, and G-21 show the technical space heating savings available under the Council’s medium forecast from new single-family and multifamily residences and from new manufactured houses at various costs.  If the prevailing codes and building practices in the region had not changed since 1983, new single-family and multifamily homes would have represented approximately 430 average megawatts of technical potential if savings costing less than 2.8 cents per kilowatt-hour could be achieved in all new electrically heated dwellings built between 1997 and 2015.  Since 1983, when the Council adopted its first plan, the states of Oregon and Washington, and other jurisdictions in Idaho and Montana, have adopted energy codes equivalent to the Council’s model conservation standards for new electrically heated residences.  These code changes are anticipated to secure about 310 average megawatts of this technical potential, if they are effectively enforced.� This leaves 120 average megawatts of technical potential yet to be secured through further energy efficiency improvements in site-built residential construction practices.

Similarly, if the energy efficiency of new manufactured homes had not changed since 1983, they would represent about 425 average megawatts of technical potential between 1997 and 2015.  However, due to changes in the federal standards regulating the thermal efficiency of manufactured homes and the efforts of Bonneville and the region’s utilities to transform this market, all but 100 average megawatts of this potential will be captured.   

The average cost of improving the thermal efficiency of new buildings beyond current codes is about 1.9 cents per kilowatt-hour when administrative costs and transmission and distribution adjustments are included.  Figure G-22 illustrates how improved building practices since 1983 have reduced the amount of remaining cost-effective conservation to be secured.  The height of each bar represents the cost-effective savings potential in new electrically heated residential buildings compared to practices in 1983 and 1995.  These estimates assume the number of units constructed between 1997 and 2015 under the Council’s medium forecast.  The remaining potential beyond 1995 building codes/practices that requires further action is represented by the height of third bar.

Figure G-19

New Single Family Space Heating Supply Curve
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Figure G-20

New Multifamily Space Heating Supply Curve
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�Figure G-21

New Manufactured Housing Space Heating Supply Curve
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Figure G-22

New Residential Space Heating Technical Conservation Potential By Year
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The Council’s estimate of conservation potential available through improving the energy efficiency of space heating in new residential buildings was developed in five steps.  These steps were to:



Establish the characteristics of current new residential construction.

Develop construction cost estimates for space heating conservation measures in new dwellings.

Assess the cost-effectiveness of space heating energy savings produced by efficiency improvements in new residential buildings.

Estimate the technical potential available from space heating energy conservation in new dwellings.

Estimate the achievable conservation potential available from space heating energy conservation in new dwellings.



The key sources of information used in this section come from research and programs operated in the region.  Table G-24 summarizes these data sources.

Table G-24

Primary Data Source for New Residential Space Heating Analysis

Data Source�Data Type��Bonneville Regional Energy Measure Cost Project �Current insulation practices and measure costs��Washington State Energy Office Residential Energy Conservation Evaluation�Current measure costs��Manufactured Home Acquisition Program -Performance of Homes Sited in the First Year�Manufactured housing measure costs and space heating performance ��Bonneville’s Super GOOD CENTS Sub-metering project�Single family space heating performance��Northwest Residential Infiltration Study�Air change rates in new dwellings��Residential Construction Demonstration Program�Measure cost, space heating performance and air change rates��

Separate estimates were prepared for single-family dwellings (up to four units and less than four stories), multifamily dwellings (five-plex and larger) and manufactured housing (e.g., mobile homes).  A description of each of these steps, the data and major assumptions used and their sources follows.

Step 1.  Establish the Characteristics of New Residential Construction

To determine the potential for improving the energy efficiency of new residential structures, it was first necessary to establish their current level of efficiency.  In addition to identifying the level of insulation and type of windows commonly installed in new housing, other new home characteristics had to be ascertained, such as average floor area heated, number of stories, window area, “tightness’’ of the dwelling and foundation type.  These characteristics significantly affect the amount of energy needed for space heating.

Table G-25 shows by building type the 1995 “base case’’ insulation levels assumed by the Council in its assessment of space heating conservation potential in new dwellings.  The information on 1995 single-family and multifamily housing characteristics shown in Table G-25 represent the Council’s assessment of current building practices.  For those areas in the region that enforce an energy code, the requirements of such codes served to establish the minimum thermal efficiency levels found in typical new single-family and multifamily dwellings.  In other areas of the region that have not adopted an energy code, the Council used information from a survey ofconstruction practices prepared for Bonneville by the Washington State Energy Office.  �  

Table G-25

New Residential Buildings - Current Building Practice Assumptions�

Building Component�Single Family�Multifamily�Manufactured Home��Wall�R-19 Standard�R-19 Standard�R-19 Advanced��Attic�R-38 Standard�R-38 Standard�R-19 Standard��Vault�R-30�R-30�R-19��Floor over crawlspace�R-19 �R-25�R-22��Windows�Class 40 (U-0.40)�Class 50 (U-0.50)�Class 50 (U-0.50)��Exterior Doors�R-5 (Metal Insulated)�R-5 (Metal Insulated)�R-5 (Metal Insulated)��Slab Edge�R-10 (2 ft.  down)�R-10 (2 ft.  down)�Not Applicable��Below Grade Wall�R-19 Interior�R-19 Interior�Not Applicable��Air Leakage�0.35 air changes per hour�0.35 air changes per hour�0.35 air changes per hour��Average UA (Btu/F)�392�2114�360��Average House Size (Sq.  Ft.)�1700�1040�1465��Average Use  (kWh/yr) �7140�2120�8940��Average Use (kWh/sq ft/yr)�4.2�2.0�6.1��Average Heating Degree Days�5525�5400�5900��

Information on the air tightness of new dwellings was obtained from the Northwest Residential Infiltration Study (NORIS) sponsored by Bonneville.  The NORIS research indicated that the average infiltration rates for single-family detached housing built between 1980 and 1986 was approximately 0.40 to 0.45 air changes per hour.  Research carried out under NORIS also found that the average infiltration rates for houses built under Bonneville’s Super Good Cents program was approximately 0.30 air changes per hour in site-built homes and 0.25 air changes per hour in manufactured homes.  The NORIS project found that, depending on the criteria used, from 20 to 50 percent of all of the homes tested, whether built to the Super Good Cents standards or not, would not meet the most current American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.  standard for acceptable ventilation rates (ASHRAE Standard 62-89).  Given these findings and the adoption of energy codes in Oregon and Washington that are equivalent to the Council’s model standards, the Council will continue to assume the ASHRAE rate of 0.35 air changes per hour for current (1995) practice homes.

The base-case characteristics for new manufactured housing, shown in G-25, were derived from discussions with state energy office personnel who are providing design approval services for the industry’s Super Good Cents program.  These levels exceed the requirements of the U.S.  Department of Housing and Urban Development’s revised rules concerning the eligibility of manufactured homes for mortgage insurance under Title II of the National Housing Act.  However, it should be noted that preliminary results from a Bonneville study of the market transformation impacts of the Manufactured Housing Acquisition Program (MAP) appear to indicate that over 90 percent of new electrically heated manufactured homes continue to be built at levels that contain all regionally cost-effective measures.  If these results are confirmed, the final plan will assume that there are no further savings available from improving the building envelop.  This will reduce regional load growth and new residential space heating conservation potential by approximately 95 average megawatts.   

Once the general characteristics of new dwellings had been identified, “typical’’ building designs were developed for detailed analysis of space heating conservation potential.  Three typical single-family detached dwelling designs were developed to represent the mixture of house sizes and foundation types being constructed in the region.  A single multifamily building design was chosen to represent new multifamily construction larger than four-plexes.  Two manufactured home designs were selected to represent those typically being sold in the region.  Table G-26 summarizes the basic characteristics of the new dwellings used in the Council’s assessment.  These designs were selected as representative, based on features primarily related to their space heating requirements, such as foundation type, and secondarily on their architectural styles.

Table G-26

Prototype Characteristics for New Residential Construction

Single Family �����Total Floor Area (Square Feet)�1,344�2,200�2,283��Wall (Square Feet�1,231�2,122�1,817��Attic (Square Feet)�960�802�1,198��Vault (Square Feet)�405�802�0��Floor over crawlspace (Square Feet)�1,344�1,721�104��Windows (Square Feet)�176�366�200��Exterior Doors (Square Feet)�38�55�89��Slab Edge (Linear Feet)�0�0�140��Below Grade Wall (Square Feet)�0�0�560�������Multifamily �����Total Floor Area (Square Feet)�12,492����Wall (Square Feet�8,432����Attic (Square Feet)�2,148����Vault (Square Feet)�1,851����Floor over crawlspace (Square Feet)�0����Windows (Square Feet)�1,247����Exterior Doors (Square Feet)�240����Slab Edge (Linear Feet)�276����Below Grade Wall (Square Feet)�575����



Table G-26 (Cont.)

Prototype Characteristics for New Residential Construction

Manufactured Home����Total Floor Area (Square Feet)�924�1568��Wall (Square Feet�1048�1026��Attic (Square Feet)�400�908��Vault (Square Feet)�524�660��Floor over crawlspace (Square Feet)�924�1568��Windows (Square Feet)�116�196��Exterior Doors (Square Feet)�38�38��

Step 2.  Develop Construction Cost Estimates for Space Heating Conservation Measures in New Dwellings

In the development of the 1983 Power Plan, the Council conducted an extensive survey of conservation costs in new residential buildings.  Pursuant to the Council’s plan, Bonneville, in cooperation with the four Northwest states, initiated a regionwide demonstration program on energy-efficient new home construction called the Residential Standards Demonstration Program (RSDP).  The Council analyzed the cost reports submitted by builders in this program.  Except for one measure, infiltration control with mechanical ventilation, the median costs reported by participating builders generally agreed with those used by the Council in the 1983 Plan.  The conservation analysis presented here makes use of three additional sources of conservation measure cost in addition to the RSDP cost data.  Recent data on single family and multifamily construction costs were taken from two studies prepared by the Washington State Energy Office for Bonneville.�  The cost data used to estimate conservation potential in new manufactured homes were taken from a report prepared by Ecotope for Bonneville on the cost-effectiveness of the Manufactured Housing Acquisition Program.� A markup on direct costs of 36 percent was assumed to cover overhead, profits and fees for single-family and multifamily housing.  The costs of measures installed in new manufactured homes reflect a 35-percent markup for dealer overhead and profit.

Not all space heating conservation measures have similar useful lives.  Insulation and infiltration control measures (i.e., air/vapor barriers) installed in new single-family and multifamily dwellings are anticipated to last at least 70 years (i.e., about the life of the structure).  These same measures installed in new manufactured houses are also expected to last the life of the building (i.e., 45 years).  However, the Council has assumed that two measures, insulated doors and energy-efficient windows, must be repaired or replaced before the end of the life of the structure.  The Council included the cost of repairing and/or replacing these two space heating conservation measures when calculating their levelized cost.  Based on data obtained during the process of revising the Oregon energy code, it appears that, with modern sealants and manufacturing techniques, approximately 25 percent of the windows installed in new housing can be expected to fail during the first 70 years.  The cost of replacing these windows was converted to present value.  It was then determined that a 60-year measure life would provide the same present value.  Insulated doors in new residential structures were assumed to be replaced at 30-year intervals at a cost equivalent to their initial capital cost.  The incremental installed cost of the measures considered in this analysis is shown in Table G-27 for single and multifamily homes and Table G-28 for manufactured housing.�

Table G-27

Incremental Installed Cost of New Space Heating Conservation Measures

Single and Multifamily Housing

Conservation Measure�Incremental Installed Cost (1995$)���WALL R-19 Standard�Base Case���WALL R-21  Advanced� $                  0.14 ���WALL R-26  Advanced� $                  0.78 ���WALL R-30  8” Stress Skin Panel� $                  1.06 ���WALL R-33 Double wall� $                  0.54 ���ATTIC R-38 Standard�Base Case���ATTIC R-49 Advanced Truss� $                  0.64 ���ATTIC R-60 Advanced Truss� $                  0.37 ���VAULT R-30 High Density Batts�Base Case���VAULT R38 High Density Batts� $                  0.56 ���VAULT  R-49 10” Stress Skin Panel� $                  1.94 ���FLOOR R-19�Base Case Single Family���FLOOR R-25 � $                  0.14 �< = Base Case Multifamily��FLOOR R-30 � $                  0.08 ���FLOOR R-38 w/12” truss� $                  0.37 ���WINDOW Class 50�Base Case Multifamily���WINDOW Class 40� $                  2.15 �< = Base Case Multifamily��WINDOW Class 35� $                  0.65 ���WINDOW Class 30� $                  2.20 ���WINDOW Class 20� $                  6.01 ���DOOR R-5�Base Case���SLAB R-10 @ 2 Ft Depth�Base Case���SLAB R-10 @ 4 ft Depth� $                  2.28 ���SLAB R-10 Under full slab� $                  4.57 ���Below Grade Wall R-19�Base Case���Below Grade Wall R-22 Foam Blocks� $                (0.98)���All costs are in $/square foot of component area, except slab insulation����measures which are reported in $/linear foot.����

Table G-28

Incremental Installed Cost of New Space Heating Conservation Measures

Manufactured Housing

Conservation Measure�Incremental Installed Cost (1995$)��WALL R-19�Base Case��WALL R-21 Advanced� $              0.15 ��ATTIC R-19�Base Case��ATTIC R-25� $              0.11 ��ATTIC R-30 � $              0.09 ��ATTIC R-38 � $              0.13 ��ATTIC R-49 � $              0.19 ��VAULT R-19�Base Case��VAULT R-25� $              0.11 ��VAULT R-30� $              0.09 ��VAULT  R-38 � $              0.13 ��FLOOR R-22 �Base Case��FLOOR R-33 � $              0.15 ��FLOOR R-44� $              0.15 ��WINDOW Class 50�Base Case��WINDOW Class 40� $              2.04 ��WINDOW Class 35� $              0.86 ��DOOR R-5�Base Case��All costs are in $/square foot of component area.���

Step 3.  Estimate the Cost-Effectiveness of Space Heating Energy Savings Produced by Efficiency Improvements in New Residential Buildings



Once typical new dwelling designs were selected, the Council used a computer simulation model to estimate potential space heating energy savings that could be produced by each conservation measure.  This model, SUNDAY, is also used to estimate savings from weatherization measures (see discussion above in residential weatherization section).  



The absolute value (in kilowatt-hours per year) of the space heating energy savings produced by adding an individual conservation measure is a function of the existing thermal efficiency level of the building.  The less efficient the existing building, the larger the savings that will be obtained from installing the same measure.

To assess the savings that could be produced by installing each space heating conservation measure, it is necessary to take into account the interaction of all of the measures.  This was done by determining each measure’s benefit (i.e., change in heat loss rate) and cost (i.e., present-value dollars per square foot).  The savings produced by each potentially cost-effective measure were then analyzed under the assumption that all measures with higher benefit-to-cost ratios had already been installed in the house.

�When determining the electrical savings of measures applied to a current-practice house, at least the following three policy considerations must be evaluated: the treatment of wood heating, internal temperature settings for the whole house, and internal gains.� The Council assumed no wood heating when evaluating measure savings in new residential buildings.  The Council used a constant thermostat setting of 65 degreesF for the whole house to represent a combination of higher temperatures when the house was occupied and the occupants active, and a lower nighttime setback.  Finally, the Council assumed a cadre of efficient appliances, reflecting appliances that would be in place for most of the life of the house, and are present in the region throughout most of the Council’s plan.  Appliances currently in place in houses are less efficient than new appliances, but contribute more usable heat to the house, and thus cut space heating loads.  

The Council reassessed the planning assumptions described above and feels that these assumptions should be maintained for the following reasons.  First, there is no assurance that occupants of houses built to the standards will continue to use wood heat.  Changing wood prices, income levels, wood availability and environmental regulations all could reduce the use of wood heating, leaving the electrical system vulnerable to mass “fuel switching” to electricity, an action that would be difficult if not impossible to plan resources for.  Second, the Northwest Power Act defines conservation as an efficiency improvement, not a change in lifestyle.  Current behavior of consumers to close off rooms or lower thermostats may represent curtailment rather than conservation as defined in the Act.  Such behavior is not expected to continue after cost-effective efficiency improvements are made.  Third, more efficient appliances are clearly cost-effective resources and will be the norm in the next decade, especially in new houses.  Appliance manufacturers have testified that, even without appliance standards such as those adopted in 1987 by Congress, new appliances will be much more efficient.  Therefore, the Council’s estimates reflect less heat escaping from these appliances to heat the house.  Finally, the adoption of planning assumptions different from these would subject the region to greater planning uncertainties than the present set of assumptions.  If the energy-efficiency requirements of the standards are made less stringent, because it is assumed consumers will continue to close off rooms and heat with wood, the degree of uncertainty the region must plan for increases.

Tables G-29 through G-40 show the levelized cost, annual energy use and energy savings produced by the addition of each measure for each dwelling type, building design and for representative climate types found in the region (Zone 1-Portland and Seattle, Zone 2-Spokane and Zone 3-Missoula).  The levelized costs shown for single-family and multifamily buildings are based on a 70-year physical life and a financing cost of 4.75 percent in real dollars.  Levelization was done using a 4.75  percent real discount rate over 15 years.  The levelized cost shown for manufactured housing is based on a 45-year economic life and levelization at the same real financing and discount rate used for single-family and multifamily housing.



�Table G-29

New Single Family Space Heating Cost-Effectiveness

1,344 sq ft�Portland - Zone 1����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�322�0�4521�0�70�0�0�0�N/A��WALL R21ADV�308� $            167 �4148�373�70�13.6� $             329 � $             171 �2.1��WINDOW CL35�300� $            115 �3918�230�60�16.0� $             203 � $                88 �1.8��FLOOR R25 STD�289� $            183 �3632�287�70�19.7� $             253 � $                77 �1.4��FLOOR R30 STD�284� $            110 �3491�141�70�24.3� $             124 � $                18 �1.2��WINDOW CL25�267� $            345 �3057�434�60�26.1� $             384 � $                29 �1.1��VAULT R38 SCI�266� $               44 �3025�31�70�44.7� $                28 � $              (16)�0.6��FLOOR R38STD w/12”Truss�256� $            494 �2784�241�70�65.5� $             213 � $            (281)�0.4��ATTIC R49 ADVrh�246� $            614 �2517�267�70�73.7� $             236 � $            (380)�0.4��WALL R21A+R5�232� $            954 �2181�336�70�91.2� $             297 � $            (663)�0.3��VAULT 10” SS Panel�227� $            650 �2044�137�70�152.9� $             121 � $            (536)�0.2��ATTIC R60 ADVrh�224� $            353 �1975�69�70�165.7� $                61 � $            (296)�0.2��WINDOW CL20�215� $         1,108 �1777�198�60�190.7� $             175 � $        (1,006)�0.1��WALL 8” SSPANEL�204� $         1,624 �1529�248�70�211.5� $             220 � $        (1,425)�0.1��WALL R33DBL�203� $            670 �1502�27�70�808.1� $                24 � $            (657)�0.0������������������������2,200 sq ft�Portland - Zone 1����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�520� $                -   �8166�0�70�0.0� $                 -   � $                 -   �N/A��WALL R21ADV�496� $            289 �7518�648�70�13.4� $             573 � $             301 �2.1��WINDOW CL35�479� $            239 �7038�480�60�16.0� $             424 � $             184 �1.8��FLOOR R25 STD�465� $            234 �6665�373�70�19.4� $             329 � $             103 �1.5��FLOOR R30 STD�458� $            140 �6481�185�70�23.7� $             163 � $                26 �1.2��WINDOW CL25�423� $            717 �5561�919�60�25.6� $             813 � $                75 �1.1��VAULT R38 SCI�421� $               74 �5508�54�70�44.1� $                47 � $              (27)�0.6��FLOOR R38STD w/12”Truss�409� $            632 �5196�312�70�64.8� $             276 � $            (357)�0.4��ATTIC R49 ADVrh�400� $            513 �4968�227�70�72.2� $             201 � $            (313)�0.4��WALL R21A+R5�377� $         1,645 �4372�596�70�88.6� $             527 � $        (1,127)�0.3��VAULT 10” SS Panel�368� $         1,098 �4129�242�70�146.2� $             214 � $            (895)�0.2��ATTIC R60 ADVrh�365� $            294 �4069�60�70�157.5� $                53 � $            (244)�0.2��WINDOW CL20�348� $         2,305 �3632�437�60�179.4� $             386 � $        (2,067)�0.2��WALL 8” SSPANEL�328� $         2,799 �3175�457�70�198.2� $             404 � $        (2,430)�0.1��WALL R33DBL�326� $         1,154 �3127�49�70�765.5� $                43 � $        (1,130)�0.0��





�Table G-29 (Cont.)

New Single Family Space Heating Cost-Effectiveness 

2,283 sq ft�Portland - Zone 1����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�460� $                -   �7758�0�70�0.0� $                 -   � $                 -   �0.0��BGWALL R22 FOAM BLOCK�457� $           (548)�7676�82�70�-268.5� $                72 � $             757 �-0.1��WALL R21ADV�437� $            247 �7096�580�70�12.8� $             512 � $             280 �2.2��WINDOW CL35�428� $            131 �6821�276�60�15.1� $             244 � $             113 �1.9��FLOOR R25 STD�427� $               14 �6797�24�70�18.4� $                21 � $                  7 �1.5��FLOOR R30 STD�426� $                 8 �6785�12�70�22.2� $                10 � $                  2 �1.3��WINDOW CL25�407� $            392 �6248�538�60�23.9� $             475 � $                73 �1.2��SLAB R10-4FT�399� $            320 �6013�235�70�43.2� $             208 � $            (110)�0.7��SLAB R10-FULL�382� $            642 �5545�468�70�43.5� $             414 � $            (223)�0.6��BGWALL R21�380� $               76 �5498�47�70�51.9� $                41 � $              (35)�0.5��FLOOR R38STD w/12”Truss�380� $               38 �5478�20�70�60.8� $                18 � $              (20)�0.5��ATTIC R49 ADVrh�367� $            766 �5120�357�70�68.6� $             316 � $            (452)�0.4��WALL R21A+R5�347� $         1,409 �4584�536�70�84.3� $             474 � $            (942)�0.3��ATTIC R60 ADVrh�343� $            440 �4488�96�70�147.4� $                85 � $            (359)�0.2��WINDOW CL20�333� $         1,259 �4231�257�60�166.7� $             227 � $        (1,113)�0.2��WALL 8” SSPANEL�317� $         2,397 �3797�434�70�178.4� $             384 � $        (2,041)�0.2��WALL R33DBL�315� $            988 �3749�48�70�666.9� $                43 � $            (962)�0.0��

Table G-30

New Single Family Space Heating Cost-Effectiveness 

1,344 sq ft�Seattle - Zone 1����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�322�0�5189�0�70�0�0�0�N/A��WALL R21ADV�308� $            167 �4770�419�70�11.9� $             370 � $             214 �2.4��WINDOW CL35�300� $            115 �4512�258�60�14.2� $             228 � $             113 �2.0��FLOOR R25 STD�289� $            183 �4189�323�70�17.4� $             285 � $             110 �1.6��FLOOR R30 STD�284� $            110 �4028�161�70�21.1� $             142 � $                36 �1.3��WINDOW CL25�267� $            345 �3535�493�60�22.9� $             436 � $                83 �1.2��VAULT R38 SCI�266� $               44 �3500�35�70�39.8� $                31 � $              (13)�0.7��FLOOR R38STD w/12”Truss�256� $            494 �3229�271�70�58.1� $             240 � $            (254)�0.5��ATTIC R49 ADVrh�246� $            614 �2927�302�70�65.0� $             267 � $            (347)�0.4��WALL R21A+R5�232� $            954 �2546�381�70�80.3� $             337 � $            (622)�0.4��VAULT 10” SS Panel�227� $            650 �2391�155�70�135.1� $             137 � $            (519)�0.2��ATTIC R60 ADVrh�224� $            353 �2313�78�70�146.3� $                69 � $            (287)�0.2��WINDOW CL20�215� $         1,108 �2089�224�60�168.0� $             198 � $            (981)�0.2��WALL 8” SSPANEL�204� $         1,624 �1803�285�70�183.9� $             252 � $        (1,391)�0.2��WALL R33DBL�203� $            670 �1772�31�70�695.1� $                28 � $            (653)�0.0��



�Table G-30 (Cont.)

New Single Family Space Heating Cost-Effectiveness 

2,200 sq ft�Seattle - Zone 1����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�520� $                -   �9367�0�70�0.0� $                 -   � $                 -   �N/A��WALL R21ADV�496� $            289 �8629�738�70�11.7� $             652 � $             383 �2.4��WINDOW CL35�479� $            239 �8084�545�60�13.9� $             482 � $             244 �2.0��FLOOR R25 STD�465� $            234 �7662�422�70�17.0� $             373 � $             149 �1.7��FLOOR R30 STD�458� $            140 �7451�211�70�20.6� $             186 � $                50 �1.4��WINDOW CL25�423� $            717 �6411�1040�60�22.5� $             920 � $             186 �1.3��VAULT R38 SCI�421� $               74 �6351�60�70�39.0� $                53 � $              (20)�0.7��FLOOR R38STD w/12”Truss�409� $            632 �5998�352�70�57.2� $             311 � $            (320)�0.5��ATTIC R49 ADVrh�400� $            513 �5741�257�70�63.9� $             227 � $            (286)�0.4��WALL R21A+R5�377� $         1,645 �5069�672�70�78.5� $             594 � $        (1,057)�0.4��VAULT 10” SS Panel�368� $         1,098 �4797�272�70�130.3� $             240 � $            (868)�0.2��ATTIC R60 ADVrh�365� $            294 �4729�68�70�139.6� $                60 � $            (237)�0.2��WINDOW CL20�348� $         2,305 �4237�493�60�159.0� $             435 � $        (2,016)�0.2��WALL 8” SSPANEL�328� $         2,799 �3713�524�70�172.6� $             463 � $        (2,368)�0.2��WALL R33DBL�326� $         1,154 �3656�57�70�662.2� $                50 � $        (1,123)�0.0�������������2,283 sq ft�Seattle - Zone 1����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�460� $                -   �8895�0�70�0.0� $                 -   � $                 -   �0.0��BGWALL R22 FOAM BLOCK�457� $           (548)�8804�91�70�-240.6� $                80 � $             766 �-0.1��WALL R21ADV�437� $            247 �8157�647�70�11.4� $             572 � $             342 �2.5��WINDOW CL35�428� $            131 �7849�309�60�13.4� $             273 � $             143 �2.1��FLOOR R25 STD�427� $               14 �7822�27�70�16.3� $                23 � $                10 �1.7��FLOOR R30 STD�426� $                 8 �7809�13�70�19.7� $                12 � $                  4 �1.4��WINDOW CL25�407� $            392 �7204�605�60�21.1� $             534 � $             135 �1.3��SLAB R10-4FT�399� $            320 �6938�266�70�38.1� $             235 � $              (82)�0.7��SLAB R10-FULL�382� $            642 �6410�528�70�38.4� $             467 � $            (169)�0.7��BGWALL R21�380� $               76 �6358�52�70�46.1� $                46 � $              (29)�0.6��FLOOR R38STD w/12”Truss�380� $               38 �6335�23�70�53.7� $                20 � $              (18)�0.5��ATTIC R49 ADVrh�367� $            766 �5928�407�70�60.0� $             360 � $            (406)�0.5��WALL R21A+R5�347� $         1,409 �5314�614�70�73.6� $             542 � $            (871)�0.4��ATTIC R60 ADVrh�343� $            440 �5204�110�70�129.0� $                97 � $            (347)�0.2��WINDOW CL20�333� $         1,259 �4914�290�60�147.2� $             257 � $        (1,082)�0.2��WALL 8” SSPANEL�317� $         2,397 �4428�486�70�159.4� $             429 � $        (1,994)�0.2��WALL R33DBL�315� $            988 �4375�53�70�601.9� $                47 � $            (957)�0.0��





�Table G-31

New Single Family Space Heating Cost-Effectiveness 

1,344 sq ft�Spokane - Zone 2����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�322�0�8122�0�70�0�0�0�N/A��WALL R21ADV�308� $            167 �7556�566�70�8.6� $             501 � $                349 �3.3��WINDOW CL35�300� $            115 �7204�351�60�10.1� $             310 � $                199 �2.8��FLOOR R25 STD�289� $            183 �6761�443�70�12.4� $             392 � $                220 �2.3��FLOOR R30 STD�284� $            110 �6541�220�70�15.1� $             195 � $                  90 �1.9��WINDOW CL25�267� $            345 �5861�680�60�16.3� $             601 � $                254 �1.7��VAULT R38 SCI�266� $               44 �5812�49�70�28.1� $                43 � $                     0 �1.0��FLOOR R38STD w/12”Truss�256� $            494 �5434�379�70�41.3� $             335 � $              (155)�0.7��ATTIC R49 ADVrh�246� $            614 �5014�420�70�46.5� $             371 � $              (240)�0.6��WALL R21A+R5�232� $            954 �4486�528�70�57.7� $             466 � $              (487)�0.5��VAULT 10” SS Panel�227� $            650 �4269�217�70�96.5� $             191 � $              (463)�0.3��ATTIC R60 ADVrh�224� $            353 �4160�109�70�103.9� $                97 � $              (259)�0.3��WINDOW CL20�215� $         1,108 �3843�317�60�118.4� $             281 � $              (896)�0.2��WALL 8” SSPANEL�204� $         1,624 �3433�409�70�127.9� $             362 � $           (1,277)�0.2��WALL R33DBL�203� $            670 �3388�45�70�481.5� $                40 � $              (640)�0.1�������������2,200 sq ft�Spokane - Zone 2����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�520� $                -   �13847�0�70�0.0� $                 -   � $                    -   �N/A��WALL R21ADV�496� $            289 �12869�977�70�8.5� $             864 � $                602 �3.3��WINDOW CL35�479� $            239 �12142�727�60�10.2� $             643 � $                411 �2.8��FLOOR R25 STD�465� $            234 �11579�563�70�12.5� $             497 � $                278 �2.3��FLOOR R30 STD�458� $            140 �11300�280�70�15.3� $             247 � $                114 �1.9��WINDOW CL25�423� $            717 �9908�1392�60�16.6� $          1,230 � $                509 �1.7��VAULT R38 SCI�421� $               74 �9827�81�70�28.7� $                72 � $                   (1)�1.0��FLOOR R38STD w/12”Truss�409� $            632 �9351�476�70�42.1� $             421 � $              (207)�0.7��ATTIC R49 ADVrh�400� $            513 �9004�346�70�47.1� $             306 � $              (204)�0.6��WALL R21A+R5�377� $         1,645 �8095�909�70�57.8� $             804 � $              (840)�0.5��VAULT 10” SS Panel�368� $         1,098 �7728�367�70�96.2� $             324 � $              (781)�0.3��ATTIC R60 ADVrh�365� $            294 �7637�91�70�103.9� $                81 � $              (216)�0.3��WINDOW CL20�348� $         2,305 �6977�660�60�118.5� $             583 � $           (1,863)�0.2��WALL 8” SSPANEL�328� $         2,799 �6269�708�70�127.4� $             626 � $           (2,199)�0.2��WALL R33DBL�326� $         1,154 �6191�78�70�480.6� $                69 � $           (1,103)�0.1��



�Table G-31 (Cont.)

New Single Family Space Heating Cost-Effectiveness

2,283 sq ft�Spokane - Zone 2����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�460� $                -   �13154�0�70�0.0� $                 -   � $                    -   �0.0��BGWALL R22 FOAM BLOCK�457� $           (548)�13032�122�70�-179.8� $             108 � $                795 �-0.2��WALL R21ADV�437� $            247 �12165�868�70�8.2� $             767 � $                544 �3.4��WINDOW CL35�428� $            131 �11752�413�60�9.8� $             365 � $                239 �2.9��FLOOR R25 STD�427� $               14 �11716�36�70�11.9� $                31 � $                  18 �2.4��FLOOR R30 STD�426� $                 8 �11698�18�70�14.5� $                16 � $                     8 �2.0��WINDOW CL25�407� $            392 �10890�808�60�15.5� $             714 � $                321 �1.8��SLAB R10-4FT�399� $            320 �10535�356�70�28.2� $             314 � $                     0 �1.0��SLAB R10-FULL�382� $            642 �9826�709�70�28.4� $             627 � $                   (3)�1.0��BGWALL R21�380� $               76 �9755�71�70�33.9� $                63 � $                 (13)�0.8��FLOOR R38STD w/12”Truss�380� $               38 �9724�31�70�39.5� $                27 � $                 (11)�0.7��ATTIC R49 ADVrh�367� $            766 �9172�552�70�44.0� $             488 � $              (273)�0.6��WALL R21A+R5�347� $         1,409 �8345�828�70�54.3� $             731 � $              (675)�0.5��ATTIC R60 ADVrh�343� $            440 �8197�147�70�95.9� $             130 � $              (313)�0.3��WINDOW CL20�333� $         1,259 �7804�393�60�108.5� $             347 � $              (988)�0.3��WALL 8” SSPANEL�317� $         2,397 �7139�665�70�116.0� $             588 � $           (1,829)�0.2��WALL R33DBL�315� $            988 �7065�74�70�435.0� $                65 � $              (938)�0.1��



Table G-32

New Single Family Space Heating Cost-Effectiveness

1,344 sq ft�Missoula - Zone 3����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�322�0�9676�0�70�0�0�0�N/A��WALL R21ADV�308� $            167 �9020�656�70�7.2� $             580 � $             432 �3.9��WINDOW CL35�300� $            115 �8612�408�60�8.6� $             360 � $             251 �3.3��FLOOR R25 STD�289� $            183 �8099�513�70�10.5� $             453 � $             284 �2.7��FLOOR R30 STD�284� $            110 �7844�255�70�12.9� $             225 � $             122 �2.2��WINDOW CL25�267� $            345 �7056�788�60�13.9� $             697 � $             353 �2.0��VAULT R38 SCI�266� $               44 �7000�57�70�24.3� $                50 � $                  7 �1.2��FLOOR R38STD w/12”Truss�256� $            494 �6563�436�70�35.7� $             386 � $            (102)�0.8��ATTIC R49 ADVrh�246� $            614 �6079�485�70�40.1� $             428 � $            (180)�0.7��WALL R21A+R5�232� $            954 �5466�613�70�49.6� $             541 � $            (409)�0.6��VAULT 10” SS Panel�227� $            650 �5213�253�70�82.4� $             224 � $            (429)�0.3��ATTIC R60 ADVrh�224� $            353 �5085�128�70�88.5� $             113 � $            (241)�0.3��WINDOW CL20�215� $         1,108 �4713�372�60�100.8� $             329 � $            (846)�0.3��WALL 8” SSPANEL�204� $         1,624 �4230�483�70�108.3� $             427 � $        (1,210)�0.3��WALL R33DBL�203� $            670 �4176�53�70�406.3� $                47 � $            (633)�0.1��



�Table G-32 (Cont.)

New Single Family Space Heating Cost-Effectiveness



2,200 sq ft�Missoula - Zone 3����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�520� $                -   �16489�0�70�0.0� $                 -   � $                 -   �N/A��WALL R21ADV�496� $            289 �15348�1141�70�7.2� $          1,009 � $             753 �3.9��WINDOW CL35�479� $            239 �14494�853�60�8.5� $             754 � $             527 �3.3��FLOOR R25 STD�465� $            234 �13829�665�70�10.4� $             588 � $             372 �2.7��FLOOR R30 STD�458� $            140 �13499�330�70�12.8� $             292 � $             160 �2.2��WINDOW CL25�423� $            717 �11844�1655�60�13.8� $          1,463 � $             750 �2.1��VAULT R38 SCI�421� $               74 �11747�97�70�23.9� $                86 � $                13 �1.2��FLOOR R38STD w/12”Truss�409� $            632 �11183�564�70�35.4� $             499 � $            (126)�0.8��ATTIC R49 ADVrh�400� $            513 �10774�408�70�39.8� $             361 � $            (147)�0.7��WALL R21A+R5�377� $         1,645 �9705�1069�70�49.0� $             945 � $            (694)�0.6��VAULT 10” SS Panel�368� $         1,098 �9273�432�70�81.5� $             382 � $            (721)�0.3��ATTIC R60 ADVrh�365� $            294 �9166�107�70�88.2� $                95 � $            (201)�0.3��WINDOW CL20�348� $         2,305 �8388�778�60�100.3� $             688 � $        (1,755)�0.3��WALL 8” SSPANEL�328� $         2,799 �7550�838�70�107.5� $             741 � $        (2,080)�0.3��WALL R33DBL�326� $         1,154 �7458�92�70�408.9� $                81 � $        (1,091)�0.1�������������2,283 sq ft�Missoula - Zone 3����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�460� $                -   �15525�0�70�0.0� $                 -   � $                 -   �0.0��BGWALL R22 FOAM BLOCK�457� $           (548)�15387�139�70�-158.4� $             123 � $             810 �-0.2��WALL R21ADV�437� $            247 �14399�987�70�7.1� $             873 � $             654 �4.0��WINDOW CL35�428� $            131 �13927�472�60�8.4� $             417 � $             293 �3.4��FLOOR R25 STD�427� $               14 �13886�41�70�10.2� $                36 � $                23 �2.8��FLOOR R30 STD�426� $                 8 �13866�20�70�12.4� $                18 � $                10 �2.3��WINDOW CL25�407� $            392 �12934�931�60�13.3� $             823 � $             435 �2.1��SLAB R10-4FT�399� $            320 �12525�409�70�24.3� $             362 � $                50 �1.2��SLAB R10-FULL�382� $            642 �11717�808�70�24.8� $             714 � $                88 �1.1��BGWALL R21�380� $               76 �11637�80�70�29.7� $                71 � $                (4)�0.9��FLOOR R38STD w/12”Truss�380� $               38 �11602�35�70�34.6� $                31 � $                (7)�0.8��ATTIC R49 ADVrh�367� $            766 �10975�627�70�38.6� $             555 � $            (204)�0.7��WALL R21A+R5�347� $         1,409 �10030�945�70�47.4� $             835 � $            (567)�0.6��ATTIC R60 ADVrh�343� $            440 �9860�169�70�83.4� $             150 � $            (292)�0.3��WINDOW CL20�333� $         1,259 �9408�452�60�94.2� $             400 � $            (934)�0.3��WALL 8” SSPANEL�317� $         2,397 �8641�768�70�100.5� $             678 � $        (1,736)�0.3��WALL R33DBL�315� $            988 �8556�85�70�379.0� $                75 � $            (928)�0.1��



�Table G-33

New Multifamily Space Heating Cost-Effectiveness



�Portland - Zone 1���12 units @ 1040 sq ft/dwelling unit�������Measure�Building UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�2114�0�21418�0�70�0� $                -   � $                -   �N/A��BGWALL R22 FOAM BLOCK*�2111� $               (641)�21345�73�70�-445.6� $              44 � $             751 �-0.1��WALL R21INT�2044� $             1,147 �19645�1700�70�26.9� $         1,025 � $               32 �1.0��WINDOW CL35�1869� $             3,443 �15369�4276�60�33.1� $         2,578 � $           (498)�0.8��WINDOW CL25�1750� $             2,442 �12730�2639�60�38.2� $         1,591 � $           (600)�0.7��VAULT R38 SCI�1744� $                 201 �12612�119�70�69.2� $              72 � $           (107)�0.4��WALL R21A+R5�1626� $             4,358 �10191�2420�70�73.4� $         1,459 � $        (2,407)�0.4��SLAB R10-4FT�1610� $                 631 �9872�320�70�80.6� $            193 � $           (368)�0.3��SLAB R10-FULL�1577� $             1,265 �9247�624�70�82.8� $            377 � $           (748)�0.3��ATTIC R49 ADVrh�1553� $             1,373 �8804�443�70�127.1� $            267 � $           (958)�0.2��VAULT 10” SS Panel�1527� $             2,970 �8322�482�70�253.9� $            291 � $        (2,372)�0.1��ATTIC R60 ADVrh�1521� $                 789 �8203�119�70�272.2� $              72 � $           (635)�0.1��WINDOW CL20�1460� $             7,852 �7122�1081�60�306.8� $            652 � $        (6,563)�0.1��WALL 8” SSPANEL�1410� $           11,123 �6261�860�70�533.9� $            519 � $        (9,473)�0.1��WALL R33DBL�1401� $             4,587 �6120�142�70�1339.6� $              85 � $        (4,040)�0.0��



Table G-34

New Multifamily Space Heating Cost-Effectiveness

�Seattle - Zone 1���12 units @ 1040 sq ft/dwelling unit�������Measure�Building UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�2114�0�25071�0�70�0� $                -   � $                -   �N/A��BGWALL R22 FOAM BLOCK*�2111� $               (641)�24989�82�70�-395.7� $              50 � $             757 �-0.1��WALL R21INT�2044� $             1,147 �23092�1896�70�24.0� $         1,143 � $             155 �1.2��WINDOW CL35�1869� $             3,443 �18311�4782�60�29.5� $         2,883 � $           (181)�0.9��WINDOW CL25�1750� $             2,442 �15180�3130�60�32.0� $         1,887 � $           (292)�0.9��VAULT R38 SCI�1744� $                 201 �15039�141�70�57.9� $              85 � $             (93)�0.5��WALL R21A+R5�1626� $             4,358 �12096�2943�70�60.2� $         1,775 � $        (2,080)�0.5��SLAB R10-4FT�1610� $                 631 �11702�394�70�65.2� $            237 � $           (321)�0.4��SLAB R10-FULL�1577� $             1,265 �10925�777�70�66.3� $            468 � $           (652)�0.4��ATTIC R49 ADVrh�1553� $             1,373 �10383�542�70�103.8� $            327 � $           (897)�0.3��VAULT 10” SS Panel�1527� $             2,970 �9801�582�70�210.1� $            351 � $        (2,309)�0.1��ATTIC R60 ADVrh�1521� $                 789 �9657�144�70�226.2� $              87 � $           (620)�0.1��WINDOW CL20�1460� $             7,852 �8365�1292�60�256.5� $            779 � $        (6,431)�0.1��WALL 8” SSPANEL�1410� $           11,123 �7322�1043�70�440.0� $            629 � $        (9,358)�0.1��WALL R33DBL�1401� $             4,587 �7153�168�70�1125.6� $            102 � $        (4,023)�0.0��



�Table G-35

New Multifamily Space Heating Cost-Effectiveness

�Spokane - Zone 2���12 units @ 1040 sq ft/dwelling unit�������Measure�Building UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�2114�0�43534�0�70�0� $                -   � $                -   �N/A��BGWALL R22 FOAM BLOCK*�2111� $               (641)�43420�114�70�-284.8� $              69 � $             778 �-0.1��WALL R21INT�2044� $             1,147 �40736�2684�70�16.6� $         1,618 � $             648 �1.7��WINDOW CL35�1869� $             3,443 �33857�6879�60�20.2� $         4,148 � $         1,131 �1.4��WINDOW CL25�1750� $             2,442 �29353�4504�60�21.9� $         2,716 � $             568 �1.3��VAULT R38 SCI�1744� $                 201 �29146�207�70�39.3� $            125 � $             (52)�0.7��WALL R21A+R5�1626� $             4,358 �24836�4311�70�40.8� $         2,599 � $        (1,224)�0.7��SLAB R10-4FT�1610� $                 631 �24248�588�70�43.3� $            354 � $           (200)�0.6��SLAB R10-FULL�1577� $             1,265 �23085�1163�70�44.0� $            701 � $           (411)�0.6��ATTIC R49 ADVrh�1553� $             1,373 �22277�808�70�69.2� $            487 � $           (730)�0.4��VAULT 10” SS Panel�1527� $             2,970 �21408�869�70�140.3� $            524 � $        (2,129)�0.2��ATTIC R60 ADVrh�1521� $                 789 �21195�214�70�151.8� $            129 � $           (576)�0.2��WINDOW CL20�1460� $             7,852 �19229�1965�60�168.3� $         1,185 � $        (6,010)�0.2��WALL 8” SSPANEL�1410� $           11,123 �17604�1625�70�282.1� $            980 � $        (8,994)�0.1��WALL R33DBL�1401� $             4,587 �17337�268�70�707.7� $            161 � $        (3,961)�0.0��



Table G-36

New Multifamily Space Heating Cost-Effectiveness

�Missoula - Zone 3���12 units @ 1040 sq ft/dwelling unit�������Measure�Building UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�2114�0�53051�0�70�0� $                  -   � $                   -   �N/A��BGWALL R22 FOAM BLOCK*�2111� $               (641)�52919�132�70�-246.0� $                80 � $               789 �-0.1��WALL R21INT�2044� $             1,147 �49828�3091�70�14.3� $           1,864 � $               903 �1.9��WINDOW CL35�1869� $             3,443 �41882�7946�60�17.3� $           4,791 � $            1,799 �1.6��WINDOW CL25�1750� $             2,442 �36615�5267�60�18.6� $           3,176 � $            1,045 �1.5��VAULT R38 SCI�1744� $                 201 �36373�242�70�33.3� $              146 � $                (30)�0.8��WALL R21A+R5�1626� $             4,358 �31261�5112�70�34.2� $           3,082 � $              (722)�0.8��SLAB R10-4FT�1610� $                 631 �30548�713�70�35.6� $              430 � $              (122)�0.8��SLAB R10-FULL�1577� $             1,265 �29128�1421�70�35.8� $              857 � $              (249)�0.8��ATTIC R49 ADVrh�1553� $             1,373 �28120�1007�70�55.3� $              607 � $              (605)�0.5��VAULT 10” SS Panel�1527� $             2,970 �27025�1095�70�111.2� $              660 � $          (1,988)�0.2��ATTIC R60 ADVrh�1521� $                 789 �26754�271�70�119.2� $              164 � $              (540)�0.2��WINDOW CL20�1460� $             7,852 �24247�2507�60�131.7� $           1,511 � $          (5,671)�0.2��WALL 8” SSPANEL�1410� $           11,123 �22170�2077�70�220.5� $           1,252 � $          (8,711)�0.1��WALL R33DBL�1401� $             4,587 �21826�344�70�550.7� $              207 � $          (3,913)�0.1��



�Table G-37

New Manufactured Home Space Heating Cost-Effectiveness

924 sq ft�Portland -Zone 1����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�252� $                 -   �3836�0�45�0�0�0�N/A��FLOOR R33 �241� $             140 �3481�355�45�16.8� $             194 � $             75 �1.6��ATTIC R25�238� $                43 �3380�101�45�18.3� $                55 � $             18 �1.5��VAULT R25�234� $                57 �3248�132�45�18.4� $                72 � $             24 �1.5��ATTIC R30 �232� $                35 �3184�63�45�23.8� $                34 � $               5 �1.2��VAULT R30�229� $                45 �3103�82�45�24.1� $                45 � $               6 �1.1��WINDOW CL35�213� $             336 �2609�494�45�29.9� $             269 � $           (23)�0.9��WALL R21 ADV�206� $             156 �2423�186�45�36.9� $             101 � $           (35)�0.7��ATTIC R38 �204� $                52 �2364�59�45�39.1� $                32 � $           (13)�0.7��VAULT  R38 �203� $                68 �2318�46�45�65.9� $                25 � $           (35)�0.4��ATTIC R49 �201� $                78 �2271�47�45�74.3� $                26 � $           (43)�0.4��FLOOR R44�199� $             140 �2218�54�45�116.6� $                29 � $           (95)�0.2������������������������1,568 sq ft�Portland -Zone 1����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�380� $                 -   �9597�0�45�0�0�0�N/A��FLOOR R33 �361� $             237 �8798�799�45�12.4� $             436 � $           239 �2.2��ATTIC R25�354� $                98 �8493�305�45�13.5� $             166 � $             85 �2.0��VAULT R25�349� $                71 �8272�221�45�13.6� $             121 � $             61 �2.0��ATTIC R30 �344� $                78 �8082�189�45�17.8� $                75 � $             27 �1.5��VAULT R30�341� $                57 �7945�137�45�17.8� $             103 � $             36 �1.5��WINDOW CL35�313� $             568 �6824�1121�45�22.0� $             612 � $           123 �1.3��WALL R21 ADV�307� $             152 �6576�248�45�26.9� $             135 � $               3 �1.0��ATTIC R38 �303� $             118 �6394�182�45�28.3� $                99 � $              (3)�1.0��VAULT  R38 �301� $                86 �6314�79�45�47.9� $                43 � $           (32)�0.6��ATTIC R49 �297� $             177 �6170�145�45�54.3� $                79 � $           (77)�0.5��FLOOR R44�294� $             237 �6045�125�45�85.2� $                68 � $         (143)�0.3��

Table G-38

New Manufactured Home Space Heating Cost-Effectiveness

924 sq ft�Seattle - Zone 1����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�252� $                 -   �4414�0�45�0�0�0�N/A��FLOOR R33 �241� $             140 �4014�400�45�14.8� $             218 � $           101 �1.9��ATTIC R25�238� $                43 �3900�114�45�16.2� $                62 � $             25 �1.7��VAULT R25�234� $                57 �3752�148�45�16.3� $                81 � $             33 �1.7��ATTIC R30 �232� $                35 �3682�71�45�21.2� $                39 � $               9 �1.3��VAULT R30�229� $                45 �3590�92�45�21.3� $                50 � $             11 �1.3��WINDOW CL35�213� $             336 �3030�559�45�26.2� $             305 � $             14 �1.0��WALL R21 ADV�206� $             156 �2818�213�45�32.1� $             116 � $           (20)�0.9��ATTIC R38 �204� $                52 �2750�67�45�33.9� $                37 � $              (9)�0.8��VAULT  R38 �203� $                68 �2698�53�45�57.3� $                29 � $           (31)�0.5��ATTIC R49 �201� $                78 �2644�54�45�64.6� $                29 � $           (40)�0.4��FLOOR R44�199� $             140 �2582�62�45�101.4� $                34 � $           (91)�0.3��



�Table G-38 (Cont.)

New Manufactured Home Space Heating Cost-Effectiveness

1,568 sq ft�Seattle - Zone 1����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�380� $                 -   �9597�0�45�0�0�0�N/A��FLOOR R33 �361� $             237 �8798�799�45�12.4� $             436 � $           239 �2.2��ATTIC R25�354� $                98 �8493�305�45�13.5� $             166 � $             85 �2.0��VAULT R25�349� $                71 �8272�221�45�13.6� $             121 � $             61 �2.0��ATTIC R30 �344� $                78 �8082�189�45�17.8� $                75 � $             27 �1.5��VAULT R30�341� $                57 �7945�137�45�17.8� $             103 � $             36 �1.5��WINDOW CL35�313� $             568 �6824�1121�45�22.0� $             612 � $           123 �1.3��WALL R21 ADV�307� $             152 �6576�248�45�26.9� $             135 � $               3 �1.0��ATTIC R38 �303� $             118 �6394�182�45�28.3� $                99 � $              (3)�1.0��VAULT  R38 �301� $                86 �6314�79�45�47.9� $                43 � $           (32)�0.6��ATTIC R49 �297� $             177 �6170�145�45�54.3� $                79 � $           (77)�0.5��FLOOR R44�294� $             237 �6045�125�45�85.2� $                68 � $         (143)�0.3��

Table G-39

New Manufactured Home Space Heating Cost-Effectiveness

924 sq ft�Spokane - Zone 2����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�252� $                 -   �7228�0�45�0�0�0�N/A��FLOOR R33 �241� $             140 �6682�546�45�10.6� $             298 � $           183 �2.6��ATTIC R25�238� $                43 �6526�156�45�11.5� $                85 � $             50 �2.4��VAULT R25�234� $                57 �6321�204�45�11.5� $             111 � $             65 �2.4��ATTIC R30 �232� $                35 �6224�97�45�15.0� $                53 � $             24 �1.8��VAULT R30�229� $                45 �6097�127�45�15.1� $                69 � $             31 �1.8��WINDOW CL35�213� $             336 �5316�781�45�18.5� $             426 � $           139 �1.5��WALL R21 ADV�206� $             156 �5016�300�45�22.5� $             164 � $             30 �1.2��ATTIC R38 �204� $                52 �4921�95�45�23.7� $                52 � $                7 �1.2��VAULT  R38 �203� $                68 �4846�75�45�40.2� $                41 � $            (19)�0.7��ATTIC R49 �201� $                78 �4770�76�45�45.4� $                41 � $            (27)�0.6��FLOOR R44�199� $             140 �4682�87�45�71.5� $                48 � $            (76)�0.4������������������������1,568 sq ft�Spokane - Zone 2����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�380� $                 -   �9597�0�45�0�0�0�N/A��FLOOR R33 �361� $             237 �8798�799�45�12.4� $             436 � $           239 �2.2��ATTIC R25�354� $                98 �8493�305�45�13.5� $             166 � $             85 �2.0��VAULT R25�349� $                71 �8272�221�45�13.6� $             121 � $             61 �2.0��ATTIC R30 �344� $                78 �8082�189�45�17.8� $                75 � $             27 �1.5��VAULT R30�341� $                57 �7945�137�45�17.8� $             103 � $             36 �1.5��WINDOW CL35�313� $             568 �6824�1121�45�22.0� $             612 � $           123 �1.3��WALL R21 ADV�307� $             152 �6576�248�45�26.9� $             135 � $                3 �1.0��ATTIC R38 �303� $             118 �6394�182�45�28.3� $                99 � $              (3)�1.0��VAULT  R38 �301� $                86 �6314�79�45�47.9� $                43 � $            (32)�0.6��ATTIC R49 �297� $             177 �6170�145�45�54.3� $                79 � $            (77)�0.5��FLOOR R44�294� $             237 �6045�125�45�85.2� $                68 � $         (143)�0.3��



�Table G-40

New Manufactured Home Space Heating Cost-Effectiveness

924 sq ft�Missoula - Zone 3����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�252� $                 -   �8614�0�45�0�0�0�N/A��FLOOR R33 �241� $             140 �7981�633�45�9.0� $             345 � $           233 �3.1��ATTIC R25�238� $                43 �7799�181�45�9.8� $                99 � $             64 �2.8��VAULT R25�234� $                57 �7563�237�45�9.8� $             129 � $             83 �2.8��ATTIC R30 �232� $                35 �7450�113�45�12.8� $                62 � $             33 �2.1��VAULT R30�229� $                45 �7302�147�45�12.9� $                80 � $             43 �2.1��WINDOW CL35�213� $             336 �6401�901�45�15.9� $             492 � $           208 �1.7��WALL R21 ADV�206� $             156 �6057�344�45�19.5� $             187 � $             55 �1.4��ATTIC R38 �204� $                52 �5949�108�45�20.6� $                59 � $             15 �1.3��VAULT  R38 �203� $                68 �5864�85�45�35.1� $                46 � $            (13)�0.8��ATTIC R49 �201� $                78 �5777�87�45�39.6� $                47 � $            (21)�0.7��FLOOR R44�199� $             140 �5677�100�45�62.4� $                54 � $            (69)�0.4������������������������1,568 sq ft�Missoula - Zone 3����������Measure�UA�Installed Cost (1995$)�Annual Use (kWh)�Annual Savings (kWh)�Physical Life (yrs)�Levelized Cost (mills / kWh)�PV Benefits (1995$)�Net Benefits�B/C Ratio��Base�380� $                 -   �9597�0�45�0�0�0�N/A��FLOOR R33 �361� $             237 �8798�799�45�12.4� $             436 � $           239 �2.2��ATTIC R25�354� $                98 �8493�305�45�13.5� $             166 � $             85 �2.0��VAULT R25�349� $                71 �8272�221�45�13.6� $             121 � $             61 �2.0��ATTIC R30 �344� $                78 �8082�189�45�17.8� $                75 � $             27 �1.5��VAULT R30�341� $                57 �7945�137�45�17.8� $             103 � $             36 �1.5��WINDOW CL35�313� $             568 �6824�1121�45�22.0� $             612 � $           123 �1.3��WALL R21 ADV�307� $             152 �6576�248�45�26.9� $             135 � $                3 �1.0��ATTIC R38 �303� $             118 �6394�182�45�28.3� $                99 � $              (3)�1.0��VAULT  R38 �301� $                86 �6314�79�45�47.9� $                43 � $            (32)�0.6��ATTIC R49 �297� $             177 �6170�145�45�54.3� $                79 � $            (77)�0.5��FLOOR R44�294� $             237 �6045�125�45�85.2� $                68 � $         (143)�0.3��

Step 4.  Estimate the Regional Conservation Potential Available from Space Heating Conservation in New Dwellings



The next step in the Council’s development of a regional supply curve for space heating conservation potential requires combining the engineering estimates of individual house savings by climate zone to establish a regional total.  Because each measure saves a different amount of energy in each house design and in each location, an aggregate supply curve must be developed that represents the weighted average savings for all measures in comparable dwelling types.

Each of the three single-family dwelling designs was assigned a weight based on its foundation type, size and window area.  The specific weight assigned to each design approximately reflects that design’s share of the new housing stock additions expected over the forecast period.  This was also done for the two manufactured housing designs.  Building type weighting was unnecessary for multifamily space heating, because only one multifamily design was used.  It should be noted that the Council’s forecasting model defines all units up to and including four-plexes as “single-family dwellings.’’ Consequently, the weights selected are designed more to achieve an average size for new single-family houses (i.e., 1,700 square feet of floor area) than if they been selected on the basis of the more conventional definition of a single-family home (one- and two-family dwellings).

Once each building design’s weight was established, the average savings by climate type were calculated for all designs.  These savings then were aggregated to the regional level based on the share of new electrically heated dwellings expected to be constructed in each climate over the forecast period.  Table G-41 shows the weight assigned each building design and climate type.



Table G-41

Climate Zone and Prototype Weights

Single Family��Prototype Size Weights���Climate Weights���1344�60%��Portland�19%��2200�25%��Seattle�68%��2283�15%��Spokane�10%��Average = 1700 square feet���Missoula�3%��������Multifamily��Prototype Size Weights���Climate Weights���12492�100%��Portland�20%��Average = 1040 square feet/unit���Seattle�75%�����Spokane�3%�����Missoula�2%��������Manufactured Housing��Prototype Size Weights���Climate Weights���924�16%��Portland�20%��1568�84%��Seattle�40%��Average = 1465 square feet���Spokane�36%�����Missoula�4%��

Step 5.  Estimate the Realizable Conservation Potential from New Residential Space Heating Efficiency Improvements

In order to establish the proportion of technically available space heating conservation that realistically can be achieved, the engineering savings estimates must be calibrated to the Council’s forecasting model.  This is accomplished by adjusting the conservation resource estimates based on engineering models of space heating energy use and savings to the forecasting model’s estimates.  This ensures that current and projected consumer behavioral responses to electricity prices are accounted for in the Council’s savings estimates.  The forecast model’s estimates shown here assume higher consumer amenity levels in the year 2015 than are present today.  This is consistent with the Council’s forecast, which projects that consumers will increase their amenity levels by the year 2015.  Table G-42 compares the average space heating energy use by dwelling type for houses built to 1995 practice, as estimated by the Council’s forecasting model for the year 2015 in the medium forecast and the engineering estimate.  The engineering estimates and the forecasting model estimates of space heating use in new homes agree reasonably well.  





Table G-42

Engineering Estimate versus Forecasting Model Estimates for Space Heating Use and Savings

�Forecast Model�Engineering Model�Difference��Housing Type�(kWh/Year)�(kWh/Year)�(kWh/yr)��Single Family-Current Practice�7228�7140���Single Family-All Cost-effective�5158�5095���Savings�2070�2045�25�������Multifamily-Current Practice�2150�2121���Multifamily-All Cost-effective�1983�1956���Savings�168�166�2�������Manufactured Housing-Current Practice�8990�8938���Manufactured Housing-All Cost-effective�6184�6148���Savings�2806�2790�16��

The Council’s engineering estimates of space heating energy use in new dwellings and the forecasting model contain similar underlying assumptions regarding appliance efficiency and family size.  In order to match current (1995) consumption, the forecasting model must use current (1995) appliance efficiencies.  However, because the Council anticipates further efficiency improvements in appliance energy use within the next five to 10 years, the Council’s engineering and forecast model estimates of space heating use in 2015 assumes the presence of more efficient appliances.  The forecasting model’s estimate of current space heating use shown in Table G-42 reflect appliance efficiency levels expected to be present in 2015, and therefore are higher than actual space heating use today.

Because waste heat offsets the need for space heating, more efficient appliances mean larger space heating energy requirements.  Had the Council assumed less efficient appliances in its engineering and forecasting model estimates, the regional average space heating energy used in new single-family houses built in 2015 would fall about 1.0 kilowatt-hours per square foot.  Thus, failure to recognize the installation of efficient appliances in this same house by the year 2010 would result in an underestimate of space heating energy needs by 1,600 kilowatt-hours per year in the average single-family house.� 

Table G-43 shows the technical  achievable conservation potential in the Council’s medium forecast from improvements in space heating efficiency in new single-family and multifamily dwellings and manufactured houses from a 1995 code/construction practice at levelized costs up to 6.0 cents per kilowatt-hour.  Achievable potential is assumed to be 85 percent.

Table G-43

New Residential Space Heating Supply Curve

�Single Family�Multifamily�Manufactured Housing�Total�Total��Resource Costs (Cents/kWh)�Technical Potential (AMW)�Technical Potential (AMW)�Technical Potential (AMW)�Technical Potential (AMW)�Achievable Potential��0�0�0�0�0�0��1.0�1�0�0�1�1��2.0�35�0�50�85�70��3.0�75�10�100�185�155��4.0�120�40�115�275�235��5.0�120�40�115�280�240��6.0�130�40�120�285�240��

Water Heating

The following sections describe the costs and savings of measures affecting the efficiency of domestic hot water heating (water heating systems) and the end-use (clothes washing, dish washing, and showerheads) that use hot water.

Electric Water Heaters

This section describes the energy use and savings potential from electric water heaters.  All appliances that consume or use hot water are described next, with a summary of all water heating measures following in the summary section.  

Base Use of Electric Water Heaters

The amount of energy consumed for water heating depends on two factors: standby losses and variable use.  Standby losses refer to the energy that is used during storage to keep the water hot.  They are determined by the temperature of the water relative to the air temperature surrounding the tank, and the insulation levels of the hot water storage tank and supply piping as well as the temperature of cold water that enters the tank.  Variable use is the amount of hot water actually used in the household.  Variable use differs substantially among households, depending on the habits and number of occupants, and the stock of appliances that use hot water (such as clothes washers and dish washers).   

Temperature Assumptions

Table G-43 indicates the values used to determine key water and air temperatures that determine hot water energy consumption.  They are compared to temperatures used by the U.S.  Department of Energy (DOE) in testing the efficiency of water heater tanks.

Inlet temperature is taken from Seattle water data and represents an eight-year average.

The set point for new tanks has been lowered relative to prior plan assumptions due to the fact that manufacturers must now deliver tanks with the temperature set at 120 degrees Fahrenheit.  The 120( set point was raised by the judgment that some plumbers will install the tanks and set the temperature higher to avoid call-backs.  

The weighted ambient temperature assumes about 50 percent of the tanks are located at a 66 degree inside temperature, and 50 percent are at a 55-degree “untempered” (garage, unheated basement, etc) ambient temperature.  Inside values are for heated spaces, including heated basements as estimated by Portland Energy Conservation, Inc.� using data from the End-Use Load and Conservation Assessment Project.  Outdoor ambient temperatures are weighted at 30 percent indoor (66 degrees) and 70 percent outdoor (50 degrees) temperature to represent the fact that most of the tanks would be in somewhat tempered (although technically “unheated”) spaces, such as garages.  



The temperature differences from the regionally based estimates are virtually identical to the temperature differences used by DOE, and as a result, the temperature differences used by DOE were adopted for this analysis.  

Table G-43 

Set point, Inlet and Ambient Temperatures for Electric Water Heaters

(in Degrees Fahrenheit)

�Regionally-Derived�U.S.  DOE��Inlet Temperature�49�58��Set Point for New Tanks�126�135��Weighted Ambient Air Temperature�60 �67.5 ��Temperature Difference:����       Inlet to Set Point�77�77��       Set Point to Ambient Air�66�67.5��

Base Case Standby Losses

Standby Losses were estimated from a frozen efficiency base case with an energy factor� of 0.86� for the standard 52-gallon electric water heater.  This is the level of federal standards that have been in place since 1990.  If a base case were used that reflected the current energy factor for all water heaters sold in the market, the base would be closer to 0.87 or 0.88, as indicated from Washington State Energy Office� work done in 1990.  The base at the federal standards was selected because it was consistent with the assumptions in the load forecast; however, this will be revised between the draft and final.  If the more efficient base were used, it would lower the forecast and the savings estimated in this chapter by about 50 kWh per water heater or about 20 achievable average megawatts in the medium forecast.  

More Efficient Tanks

Standby losses for a 0.86 tank with the temperature differences shown in table 1, are about 700 kilowatt-hours per year.  Savings from this base line are estimated to be about 50 kilowatt-hours for each 0.01 change in energy factor based on analysis done by U.S.  Department of Energy in support of the 1990 standard.  Utility programs have historically operated efficient tank programs that use 0.93 tanks.  In addition, it is possible that U.S.  Department of Energy will adopt 0.93 tanks in its new round of standards for electric water heaters.  A 0.93 energy factor was used to represent the savings available from making water heater tanks more efficient.  At 50 kilowatt-hours per 0.01 change in energy factor, the overall savings per tank is 350 kilowatt-hours, before the interaction of the savings with space heating are taken into account.  (See section in this chapter on “interaction with space heating”).

Costs for tanks were taken from the U.S Department on Energy work on evaluating more efficient water heaters in an effort to look at strengthened appliance efficiency standards.  Department of Energy found that the cost for a 0.93 water heater was an extra $42 in 1990 dollars compared to a 0.86 tank.  $50 was used after escalation to 1995 dollars.  

The lifetime of electric water heaters is expected to average 12 years.  

Base Case Hot Water Demand 

Prior work on the question of how much hot water is consumed each day, discussed in volume 2 of the 1991 Plan, indicates that a linear relationship of consumption and persons per household results in consumption of about 19 gallons per person per day.  With 2.6 persons per household, this results in about 49 gallons per household per day.  U.S.  DOE uses 64.4 gallons per household per day for a four-person household, or 16 gallons per person per day.  Pratt,�analyzing ELCAP data, found that the relationship of hot water use to number of occupants was not linear.  He found that the second adult in a household consumes much less than the first adult, and that children under 6 and adults over 65 also consume less.  However, using his equation, and an average household size of 2.6 persons, resulted in approximately 17 gallons per person per day.  A study of heat pump water heaters in single family houses indicated about 20 gallons per person per day.  After discussion with the conservation resources advisory committee, it was decided to use 19 gallons per person per day.  Using the temperature differences cited above, this results in a total kilowatt-hour consumption for demand in the base case of almost 3,100 kilowatt-hours.�  This base case demand has not accounted for very high penetration of energy efficient showerheads or other significant conservation measures.  

If this is added to the 700 kilowatt-hours estimated for standby use, total base case use for the average electric water heater is approximately 3800 kilowatt-hours per year.  

Bottom Boards

Savings from installing rigid insulation under new water heaters at the time they are installed were estimated from Pratt�, using ELCAP data.  These results, about 70 kilowatt-hours, confirmed prior laboratory work done at Bonneville Power Administration.  Because many new water heaters are expected to be located in semi-tempered spaces, savings from the bottom boards are estimated at approximately 60 kilowatt-hours per water heater.  If the savings are reduced to account for the interaction with space heating (described elsewhere), the savings are about 50 kilowatt-hours.  

Costs were estimated to be $12, if done at the time of new water heater installation.  The lifetime is also expected to be the life of the water heater or 12 years.

Wraps on Efficient Tanks (EF=~0.93)

Bonneville’s laboratory study of efficient tanks also tried to ascertain the savings from wrapping efficient tanks.  This study indicated savings of about 96 kilowatt-hours per year for completely wrapping a 0.93 tank.  We estimated savings from wrapping new electric water heaters in new houses only, so it would be possible to locate them with sufficient space to wrap the entire heater.  These savings are estimated to be 95 kilowatt-hours per year, which was reduced to 79 kilowatt-hours per year if the interaction with space heating (described later) is taken into account.  

Costs were estimated to be about $20 for the insulation and $10 in labor, or a total of $30.  The cost for the wrap was taken from a Washington State Energy Office report done for Bonneville�, which indicated a cost: $15 in 1990 dollars.  This was escalated to 1995 dollars and then rounded up to $20.  Labor was estimated to be fairly small because a plumber would be installing the water heater anyway at the time of construction.  

The average lifetime is expected to be the length of the water heater or 12 years.

Efficient Clothes Washers

Federal standards for this appliance currently require an energy factor (EF) of 1.18 cubic feet per kilowatt per cycle.  The higher the number, the more efficient the appliance.  Standards were expected to be updated in 1996 but have been delayed by Congress.  The most promising way to conserve electricity and water in clothes washers is to change the configuration of the appliance from the traditional “vertical axis” to a “horizontal axis” design.  The horizontal axis design uses much less water since the clothes are cycled through a partially filled drum, rather an entirely filled drum.  Since hot water use accounts for most of the use of the washing machine, cutting that use can result in dramatic savings.  In addition, new designs of washing machines have the potential to remove more moisture from the clothes by increasing the spin speed.  This is a much more efficient way to remove moisture from the clothes than using warm air in the dryer.  As a result, dryer savings would result from the higher moisture extraction.  

Savings for this appliance were estimated by assuming that horizontal axis machines could increase the EF from the base of 1.18 to 3.25.  This is the level advocated by joint comments of key laundry machine manufacturers and environmental groups to the U.S.  Department of Energy for consideration of the next level of standards.  This level includes high speed spin to remove more moisture at the time the clothes are in the washing machine, so savings also accrue from the dryer.  Savings are based on DOE test procedures, � which include estimates of the weighted average water temperature used for clothes washing, and the number of washing cycles per year in a typical household.  Prior information from surveys in the Northwest indicate fewer washing cycles than the national average (300 compared to 380 cycles per year), and so savings were scaled downward to reflect the regional survey information.  

Table G-44 indicates the baseline use and savings for washers with electric water heating and electric dryers.  This table is taken from work done by Seattle City Light.�  Use and savings have been scaled for fewer cycles per year in the Northwest than the national average.  Savings are expected to be about 500 kilowatt-hours.  Currently, only imported washers meet an EF of about 3.2.  However, key U.S.  manufacturers are expected to come out in mid-1996 with a washer that exceeds an EF of 3, and are likely to be 3.25.  In addition, this is the level that manufacturers and environmental groups advocated for the next level of national standard.  Finally, the Consortium for Energy Efficiency is working with utilities, including some from the Northwest, to encourage the production of laundry equipment that meets a level similar to this standard.  For these reasons, it was selected as the efficiency level to target.

Table G-44

Water and Electricity Savings from Horizontal Axis Clotheswashers

Efficiency Factor�Water Used (gallons per year)�Cumulative Water Saved (gallons per year)�Washer Use (kWh/yr.)�Dryer Use       (kWh/yr.)�kWh Use per year�Cumulative kWh savings per year��Baseline:EF=1.18�11,251�0�532�658�1,190�0��EF=2.5�8,580�2671�250�658�908�282��Higher moisture removal EF=2.5�8,580�2671�250�493�743�447��EF=3.25�7,020�4231�193�493�686�504��Higher moisture removal EF=3.25�7,020�4231�193�411�604�586��

Costs are estimated from the Association of Home Appliance Manufacturers, which indicate that if produced in large quantities, the machine with an Energy Factor of 3.25 will have an incremental cost of approximately $175.�

In addition, horizontal axis clotheswashers have significant non-energy benefits in the form of reduced water use.  Most water charges in cities include some charge for the volume of water used and/or put through the sewer system.  Table G-45 lists the water and sewer charges for Portland, Seattle and Spokane.  The clothes washers are expected to save about 4,000 gallons of water per year.  Also shown in Table G-45 are the dollar savings from reducing consumption and sewage treatment by 4,000 gallons per year.  The average for these three cities is $13 per year.  These were yearly non-energy cost savings that were included in the average levelized cost of the clotheswashers.  It should be noted that the non-energy benefits for this product are quite large, and it offers the chance to collaborate with non-electric utility and other parties to try and secure savings for all benefiting parties.  

�Table G-45

Yearly Savings from Reduction in Water Use Due to Horizontal Axis Clothes washers

�Water Use Charge

�Sewer Charge

�Yearly $ Savings

(for 4,000 gallon reduction)��Portland�$1.10 per 1,000 gallons�$2.30 per gallon�            $13.60��Seattle�$5.92 per 1,000 gallons (water and sewer combined)��       $23.68    ��Spokane�$0.67 per 1,000 gallons (water and sewer combined)��            $  2.68��Average���            $13.32��

Efficient Clothes Dryers

The 1991 Power Plan found microwave clothes dryers marginally cost-effective and heat pump clothes dryers not cost-effective.  There is no new information on which to base updated estimates.  In addition, savings from these appliances will be reduced if the clothes washer has a greater ability to remove moisture during the spin cycle, as envisioned in the prior savings estimate for clothes washers.  As a result, these appliances are not considered cost-effective in this plan.  

Efficient Dishwashers

Federal appliance standards for this appliance currently require standard dishwashers to meet an Energy Factor of 0.46.  This factor is expressed in terms of kilowatt-hours per cycle.  The higher the energy factor, the more efficient the dishwasher.  Data from E-Source� indicates that a number of dishwashers are available that exceed the current federal standard by 10 to 30 percent.  Many of these are manufactured by U.S.  manufacturers.  In addition, information from the technical documentation that set the standards level show further savings were available at a cost of about $11.50.�  A value of $25 was used as the cost of improving the efficiency level by 10 percent in this draft plan, and the savings were not found cost-effective.  However, correcting this value to $11.50 brings the cost of this efficiency improvement below the cost-effectiveness threshold.  This would mean an additional 10 average megawatts would be available in the medium forecast.  Unless further information becomes available between the draft and final plan, the $11.50 number will be used

Efficient Showerheads

In the 1991 Power Plan, very little research had been done on the base use of the current stock of showerheads.  Since 1991, multiple studies have been completed that evaluated both the efficiency of the current stock of showerheads, but also the performance of energy-efficient showerheads.  In addition, a large number of showerheads have been retrofit into various houses due to utility programs.  Most showerheads in the regional program have performed at 2.5 gallons per minute or better.  Effective in 1994 the federal government adopted a showerhead standard of 2.5 gallons per minute as the maximum usage for this appliance.  As a result, as new showerheads are installed in new and existing houses, very efficient 2.5 gallon per minute showerheads will slowly infiltrate the market.  After discussion with the Conservation Resources Advisory Committee, it was decided that further savings from showerheads beyond this level were not likely to be acceptable to consumers, and they are not represented in this plan.  

The lifetime of showerheads is an average of 12 years.�

Heat Pump Water Heaters

Since the 1991 Power Plan, there have been developments in the area of reducing the size of heat pumps and improving their performance.  Because some of these units are still in the prototype stage, it is difficult to ascertain just how well they will perform.  This analysis assumes that these units can meet their performance challenge.  However, even under this assumption, heat pump water heaters were not found to be cost-effective.  The analysis that was done follows.  

The estimates of costs and savings for exhaust-air heat-pump water heaters� were primarily taken from two sources:  a monitoring and evaluation study done by Bonneville of thirty exhaust air heat pumps installed in the field,� and estimates used by the U.S.  Department of Energy in evaluating revised water heater performance standards.�  Another document that compiles some of this information is the Council’s comments to the U.S.  DOE on the water heater standards.�

Research conducted by Bonneville found that the total incremental installed cost of an integrated heat pump water heater employed as an exhaust-air-heat-recovery ventilation device was approximately $1,800 (1992 dollars).  The heat pump water heater and its controls comprised $1,450 of this cost with the installation costs (labor, ductwork, grills, make-up air vents, etc.) representing the $350 balance.  This analysis assumes a non-integrated heat pump water heater (such as E-tech/Crispaire) substituting for the integrated unit.  The non-integrated heat pump is anticipated to be available for about $400 as production increases.  This means that the total incremental installed cost of such devices is in the range of $745 to $945 (1992 dollars).  The mid point of this range was used and escalated to 1995 dollars.  The assumed coefficient of performance for these units is a coefficient of performance of 2.0, given that they will be operating some of the time off warm indoor air being exhausted from the house.  

Heat pump water heaters would be most cost-effective in households with high water use, typically houses with more occupants.  This analysis assumes that heat pump water heaters are installed only in new single family houses and new manufactured homes.  This also keeps the cost of installation down, especially since the exhaust-air systems modeled here must include duct work.  The anticipated savings from heat pump water heaters depends on the total amount of water heating use.  Savings will vary by the occupancy of the house, but are estimated to be about 1,500 kilowatt-hours per year for an average house size (single family and manufactured home) of 3.2 occupants.  These savings were derived after other more cost-effective water/energy savings devices (such as efficient tanks and efficient clotheswashers) have been applied.  They also account for the interaction with space heating, because the exhaust ventilation in the house will increase space heating use.  

Maintenance costs are expected to be $5 per year, and lifetimes are anticipated to be 15 years.  



�Summary of Electric Water Heating Measures

The assumptions described above for each measure led to the data in Table G-46, which includes levelized costs and the benefit/cost (b/c) ratio.  If the ratio is larger than 1, then benefits exceed costs.  Base consumption is 3,880 kilowatt-hours per year for an average size household with 2.4 occupants.  The column labeled “shape pointer” is used by the cost-effectiveness model to point to the correct load shape for water heaters.  Cost-effective measures are: bottom boards, efficient tanks, and efficient clothes washers.  

Table G-46

Data for Cost and Savings for Electric Water Heating Measures

Measure Name�Measure Applies to:�Savings with interaction (kwh/yr.)�Phys Life (yrs)�Capital Cost ($)�Annual O&M ($)�Shape Pointer�Non-E Value ($/yr.)�O&M Cost�O&M period (year) �Levlz’d Cost (c/kWh)�B/C Ratio��Eff Tank .86 to .93�new electric WH�291�12�$50 �$�whpriv�0�0��15.3�1.67��Bottom Bd�new electric WH�50�12�$12 �$�whpriv�0�0��21.7�1.18��Eff Clothesdryer 1.18 to 3.25�new Clotheswashers�500�12�$175 �$�whpriv�$13�0��10.1�2.54��Wrap .93 tank (No partls)�New houses�79�12�$30�$�whpriv�0�0��34.7�0.74��Eff Dishwasher, .46 to .51�new Dishwashers�50�12�$25�$�whpriv�0�0��45.8�0.56��HPWH (@3.2 occup)�New SF & MH�1511�15�$910�$5�whpriv�0�$5�1�52.2�0.49��HPWH @ 2 occup�New SF & MH�965�15�$910�$5�whpriv�0�$5�1�82.2�0.31��HPWH @ 3 occup�New SF & MH�1401�15�$910�$5�whpriv�0�$5�1�56.4�0.45��HPWH @ 4 occup�New SF & MH�1929�15�$910�$5�whpriv�0�$5�1�40.8�0.63��HPWH @ 5 occup�New SF & MH�2388�15�$910�$5�whpriv�0�$5�1�32.8�0.78��HPWH @ 6 occup�New SF & MH�2824�15�$910�$5�whpriv�0�$5�1�27.6�0.93��

Further information necessary to translate measure savings into average megawatts are shown in Table G-47.  Cost-effective measures result in achievable savings of about 290 average megawatts in the medium forecast, not including line loss savings.  



Table G-47

Information Used to Derive Average Megawatt Savings for Electric Water Heating Measures

50%�Saturation of dishwashers��78%�Saturation of clothes washers��85%�Achievable penetration: all measures except heat pumps��70%�Achievable penetration for heat pumps ��4,099,000�Technical number of electric water heaters, medium forecast��

Refrigerators and Freezers

Refrigerators and freezers have had significant changes in efficiency improvements over the last two decades, partially in response to initial standards for the state of California, and more recently due to federal appliance efficiency standards.  U.S.  Department of Energy adopted standards for refrigerators and freezers manufactured after 1993 that resulted in typical units consuming about 690 kilowatt-hours per year and 480 kilowatt-hours per year respectively.  

Since that time, a consortium of utilities conducted a contest, alternately know as the Super Efficient Refrigerator Project (SERP) or the Golden Carrot, where manufacturers bid for $30 million to produce a refrigerator that beat the 1993 standard by about 30 percent using environmentally friendly technologies.  The bid was won by Whirlpool and the units are now being produced and sold around the United States.

One important result of this contest was the demonstration it provided to U.S.  Department of Energy and manufacturers that refrigerators could be made 30 percent more efficient than the existing standard by a major U.S.  manufacturer.  This information was used in hearings on upgrading refrigerator and freezer efficiency standards for 1996 (effective in 1999) and beyond.  The prospect of standards resulted in the submission to DOE of joint comments between environmental and energy groups and major refrigerator manufacturers.  The joint comments supported a level about 30 percent more efficient than existing standards, or about the level produced by the SERP competition, for refrigerators, and a level about 10-15 percent more efficient for freezers.  These levels, and an additional 15 percent beyond these levels, were analyzed for the power plan for refrigerators and freezers.  Savings ultimately were reduced by 20 percent for refrigerators and 13 percent for freezers to reflect the interaction of savings with space heating loads, described below.

Costs were taken from two sources.  First, an Environmental Protection Agency document� that identified the manufacturer’s cost of making refrigerators and freezers more efficient was consulted.  It identified multiple pathways of achieving efficiency for refrigerators.  These multiple pathways were averaged together for the efficiency change that was recommended in the joint comments and for 15 percent beyond the joint comments.  This resulted in $17.75 being added to the manufacturer’s cost of the refrigerator.  To escalate this cost to the retail level, U.S.  Department of Energy’s technical support document was used,� which indicated that the ratio of consumer (retail) costs to manufacturer’s costs was about 2.3 to 1.  So the $17.75 was multiplied by 2.3 to get a consumer cost of about $41.  These costs were very similar to the costs Department of Energy found in its proceeding on refrigerator standards.  

However, this number was checked with one of the parties that was heavily involved with the negotiations with manufacturers on the joint comments.�  He indicated that the negotiated number for the consumer cost of the 30-percent efficiency change was $75.  The $41 and the $75 were averaged, resulting in a cost of $58 for the first level of efficiency change (30 percent savings).  The costs found in the Environmental Protection Agency document for the additional 15 percent change beyond the joint comments were escalated by a similar factor to represent their costs.  

Freezer costs were not developed specifically by Environmental Protection Agency or parties to the joint comments.  However, the Environmental Protection Agency estimated costs for refrigerators that were very similar to costs developed by DOE in their last proceeding on refrigerator and freezer standards.  As a result, the Department of Energy costs for freezer efficiency improvements were used, after escalating for a similar factor that was used in refrigerators ($58/$41 DOE freezer costs).  The costs and savings that were used in the plan, along with levelized costs and benefit cost ratios, appear in Tables G-48 and G-49.

Table G-48

Costs and Savings for Refrigerator Efficiency Improvements

Volume: 18 cubic feet;  Adjusted volume: 20.9 cubic feet; Space heating interaction: 0.8

�����Use

(kWh/yr.)�Savings (kWh/yr.)�Savings w/ Interaction�Cumulative Cost�Incremental Cost�B/C

Ratio��1993 Std =���689�0�0�0�0�0��Joint Comment level (~30% savings)���481�208�166�$41�$41 �1.3��Another 15% off Joint Comment���409�72�58�$78�$37�0.4��

Table G-49

Costs and Savings for Freezer Efficiency Improvements

Average (50% Chest and 50% Upright)���Use

(kWh/yr.)�Incremental

Savings

(kWh/yr.)�Saving with Interaction�Cumulative Cost�B/C Ratio��1993 Std =�481�0�0�0�0��Joint Comment level (~30% more efficient)�422�60�52�$12.31�2.0��Another 15% off Joint Comment�358�63�55�$32.70�0.1��

Only the joint comment level was cost-effective.  A total of 4,787,000 refrigerators and 2,609,000 freezers are expected to be added in the medium forecast from 1999 to 2015, resulting in a total savings of 88 and 16 average megawatts, using a 90 percent penetration rate.  Lifetimes are estimated to be 22 years.

Residential Lighting

The estimates for costs and savings of individual compact fluorescent light bulbs were largely taken from a consensus memo, produced in 1994, by the Oregon Department of Energy, Bonneville, Washington State Energy Office, Seattle City Light, and the Power Planning Council.�  While that memo discusses costs and savings for various program types, the program approach adopted here reflects an approach known as the “manufacturer buy-down.” In this type of program, utility dollars go directly to manufacturers for the delivery of qualifying bulbs to stores in the service territory of the utilities.  This reduces the administrative cost of the program because individual rebates are not required.  It also leverages the utility contributions because the retailer’s mark-up on the wholesale price is reduced because the wholesale price is lower due to the manufacturer payment from the utilities.  This type of program also has the feature of competing manufacturers against each other for the largest portion of utility funds.

The key data used in the analysis appears in Table G-50.  The joint memo cited above should be referenced for further information.  The costs of the bulbs were adjusted from the memo to reflect more recent information from the regional program, described next.  The weighted average savings per bulb used here were 50 kilowatts per year, at a levelized cost of 2.4 cents per kilowatt-hour and a cost-benefit ratio of 1.0.  Assuming three bulbs per house in 50 percent of the houses by the year 2015, results in a total of 44 average megawatts by 2015, not including line losses.  



Table G-50

Key Assumptions and Levelized Costs for Compact Fluorescent Bulbs

�INTERIOR�EXTERIOR��Weights�70%�30%��Hours On/Day�3�5��Lifetime (Hours)�7000�8000��Lifetime (months) with given on-time�78�53��Initial Measure Cost (Total)� $    11.50 � $    11.50 ��Utility Measure Cost� $      5.00 � $      5.00 ��Watts Displaced�50�50��Removal�12%�12%��Take-back�5%�20%��Space heat interact.�22%�0%��Incandescent cost� $      0.50 � $      0.50 ��# inc and replacmts (at 750 hrs life/bulb)�9�11��Monthly cost of incan (for PV)�$0.06 �$0.10 ��KWh/yr savings w takeback�33.40�62.05��kWh/yr w/out takeback�36.14�80.30��Administrative Costs (Mfg.  prog)�$0.60 �$0.60 ��

Washington Water Power, Portland General Electric, PacifiCorp, Puget Power and Bonneville Power Administration started a program in 1996 that is a buy-down approach.  The idea with this program is to help transform the market for compact fluorescent lights by competing manufacturers in the program against each other, and by competing the highly reduced cost of bulbs in the program with non-program manufacturers.  Bulbs in the program are expected to cost less than $10 in the store, compared with prices in the range of $18-$20 for non-participating manufacturer’s bulbs.  This program is expected to take a few years before its effects can be measured.  However, the program may cause significant shifts in the price or rebate offers from manufacturers not in the program.  Any spillover of this type will act to reduce the levelized costs of the program because more bulbs at a lower cost were secured than were counted directly in the program.  This additional benefit is not included in the estimates in this plan.  

Interaction of Appliance Savings with Space Heating Use

A house is warmed by a combination of internal and external heat sources.  Internal heat comes from incidental or waste heat given off by appliances and people (usually called “internal gains”) and from the space heater.  The external source of heat is primarily radiant energy from the sun (usually called “solar gains”).  These heating sources are in balance, and if the heat produced by any one of them decreases, more heat must be added from the other components to keep the house at the same temperature.  This section explains the interaction between the waste heat given off by appliances and the heat supplied by the space heater.�

If the efficiency of an appliance, such as a refrigerator located inside the heated space, improves, the unit both uses less energy and gives off less waste heat.  This change in turn causes the space heater to use more electricity, in order to keep the house at the same temperature it was before the improvement in the refrigerator’s efficiency occurred.

The balance between the decrease in electricity consumption by the refrigerator and the increase in use for extra space heating depends on many factors.  One prominent factor is the insulation level of the house.  The better insulated a dwelling, the less useful is the waste heat from the appliance.  For example, the space heater must produce about an additional 5 kilowatt-hours per year for every 10 kilowatt-hours per year saved by the appliance efficiency improvement, assuming all of the following:  the appliance is located in the heated space, electricity is the space heating fuel, no air conditioning is installed, and the house is not fully insulated.  In other words, only 50 percent of the savings from improving appliance efficiency would be realized.  This estimate accounts for periods of the year, such as summer, when additional space heat is not necessary.

This estimate must be tempered by other intervening variables to calculate the average expected impact on the Northwest electrical system from improved appliance efficiencies.  First, the appliance must be one that produces internal gains.  Many do not.  For example, about half the electric freezers in the region are located outside heated areas.  Waste heat generated from freezers (and other appliances) that are outside the heated shell of the house would be fully realized as 100-percent energy savings and would not require that additional heat be provided by the furnace.

Second, a number of electrical appliances that do produce internal gains, such as refrigerators, are located in houses that do not use electricity for their space heating.  In this case, the full amount of electricity saved by improving the appliance’s efficiency is realized by the region’s electrical system.

Finally, the reduction of internal gains benefits the house if air-conditioning equipment is installed.  In this case, less cooling needs to be provided in the summer to offset the internal gains from inefficient appliances.  For water heaters, only the standby use of hot water held in the tank (for units located in the house) is an internal gain.  Variable hot water demand does not contribute significantly to internal gains, even though it uses electricity.�  Consequently, only efficiency improvements in standby use for tanks located in the house increase the heat needed from the space heater.

When all of these factors are considered, electricity used for space heating must make up, on average in the region, about 17 percent, 20 percent, 13 percent and 22 percent of the savings from standby losses on water heaters, refrigerators, freezers and lights, respectively.  These figures were used to devalue the saving obtainable from these appliances in the preceding cost-effectiveness evaluations.
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� Due to economies of scale, multifamily storm window and prime window replacement costs appear to be less than for single family homes.  The incremental installed cost for these windows in multifamily buildings was assumed to be as follows: Storm Windows - $7.83/sq ft, Class 35 prime replacement windows - $3.88/sq ft and Class 25 prime replacement windows - $4.98/sq ft.

� The SUNDAY model simulates space heating needs based on heat loss rate, daily access to solar energy, daily inside and outside temperatures, thermal mass, and the amount of heat given off by lights, people and appliances.

� Nutrak is the Council’s program for tracking utility conservation program activities.



� UA is the heat loss rate of a building (expressed as a U-value) times the area of the component.  A U-value has units of Btu per Fahrenheit degree per square foot.

� Only about 13 percent of the houses on which the estimate is based participated in a weatherization program and took at least one major measure.  If these houses were removed, the probable effect would be to raise the average UA.  On the other hand, some self-weatherization has most likely occurred since the time the ELCAP houses were audited.  The size of this action is unknown, but it would act to lower the UA.  The judgment was to consider these as offsetting effects.

� The state of Washington began enforcing an energy code equivalent to the Council's model conservation standards for new electrically heated residences in July 1991.  The State of Oregon began enforcing an energy code equivalent to the Council's model conservation standards for new electrically heated residences in January 1992.

� Lubliner, M.  etal, Costs of New Residential Conservation Measures in the Pacific Northwest.  (Draft Report) September 31, 1995.

� Practice represents the weighted average across all climate zones and states.

�See: Frankel, M.  et al., Residential Energy Conservation Evaluation - Cost Effectiveness of Energy Conservation Measures in  New Residential Construction in Washington State.  (Draft Report) March 31, 1995.  Washington State Energy Office, Olympia.  and Lubliner, M.  etal.  Costs of New Residential Conservation Measures in the Pacific Northwest.  (Draft Report) September 31, 1995.  Washington State Energy Office, Olympia.  

� Baylon, D.  Manufactured Home Acquisition Program - Performance of Homes Sited in the First Year.  (Draft Report) March 16, 1995.  Ecotope, Seattle, WA.

� These items are discussed here in terms of the calculated savings per measure.  Under Step 5, these items are discussed in terms of differences between the demand forecast estimates of space heating loads and estimates from the engineering model.

� Due to the decreased need for space heating in houses built with all regionally cost-effective space heat conservation measures, increases in appliance efficiency would result in a smaller increase in space heating needs.  This is estimated to be just over 1,100 kilowatt-hours per year.

� Portland Energy Conservation, Inc, “Evaluation of the Efficient Water Heater Program”, for Bonneville Power Administration, July 15, 1994.  

�An energy factor, or EF, is used by DOE to rate the energy use of an electric water heater.  It is the daily load (4,391 kilowatt-hours per year) divided by the average daily consumption.  

�Note that the testing procedure for water heater tanks changed in about 1988.  The new test meant that water heaters tested about 0.02 EF points lower than they would in the previous test.  As a result, a 0.88 EF water heater performed at a 0.86 EF with the new test.  All references in this document refer to a water heater under the new testing procedure.  

�Mark Hamilton and Shelley Rudeen, Washington State Energy Office, “The Market for Water Heater Insulation Kits in the Northwest,” for Bonneville Power Administration, February, 1991.  See also, Lois Gordon, Grian Lagerberg, Charles Murray and Shelley Rudeen, Washington State Energy Office, “Water Heater Market Analysis,” for Bonneville Power Administration, June 1991.  

�R.G.  Pratt and B.A.  Ross, “Measured Electric Hot Water Standby and Demand Loads from Pacific Northwest Homes”, Pacific Northwest Laboratories for Bonneville Power Administration and the Northwest Power Planning Council, November, 1991, PNL-7889/UC-350.

�While 2.6 persons per household is the correct number for the mid-1990s, 2.4 persons per household is the expected occupancy for the year 2015.  The values in this chapter are based on 2.4 persons per household.  

�ibid.

�Mark Hamilton and Shelley Rudeen, Washington State Energy Office, “The Market for Water Heater Insulation Kits in the Northwest,” for Bonneville Power Administration, February 1991.  

� During the development of these plan estimates, the Department of Energy changed the test procedure for clothes washers.  The effect of this will be to reduce savings from the 500 kilowatts here to about 480 kilowatts.  We were unable to incorporate this change in the current draft.  

� Since the development of these numbers, the Constorium for Energy Efficiency has developed numbers based on information collected for U.S.  Department of Energy by the Association of Home Appliance Manufacturers and LBL.  These newer numbers will be incorporated into the final plan, but do not change the conclusion that these efficiency improvements are cost-effective.  

� Personal communication with Ted Pope, Seattle City Light, November 15, 1995.  Since the estimates for this Plan were done, DOE has developed consensus estimates of costs and savings for making clothes washers efficient.  These revised numbers would indicate costs of about $210, for savings of about 630 kWh.  These new numbers would not have changed the conclusion that clothes washers are cost-effective.  (From: Proposed Rulemaking Regarding Energy Conservation Standards for Three Cleaning Products, Docket # EE-RM-94-403, Comment #40 from Peter Biermeyer, Lawrence Berkeley Laboratories.  Conveyed by Marc LaFrance, U.S.  DOE, (202) 586-8423.)

� E-Source, Residential Appliances Technology Atlas, October 1994 Edition.

� DOE work is cited in R.J.  Hwang,  F.X.  Johnson, R.E.  Brown, J.W.  Hanford, and J.G.  Koomey, “Residential Appliance Data, Assumptions and Methodology for End-Use Forecasting with EPRI-REEPS 2.1”, Lawrence Berkeley Laboratory, LBL-34046, page 63, May 1994.

� This is the median lifetime.  This is discussed fully in: Memorandum to multiple parties, November 10, 1994 from Margie Gardner, Northwest Power Planning Council, entitled “Showerhead Lifetime”.  

� Exhaust air heat pumps recover the waste heat in air exhausted from the home using the hot air and heat pump to heat water in the water tank.  

� Pacific Science and Technology, Inc., “Exhaust Air Heat Pump Monitoring Study” July 1994, prepared for Bonneville Power Administration and Idaho Department of Water Resources.  

� U.S.  DOE, “Technical Support Document: Energy Efficiency Standards for Consumer Products: Room Air Conditioners, Water heaters, .....”, November 1993, DOE/EE-0009, Volumes 1-3.

� Council letter to U.S.  DOE in Docket no.  EE-RM-90-201, July 15, 1994, plus its attachments.  

�U.S.  Environmental Protection Agency, “Multiple Pathways to Super-Efficient Refrigerators,” June 1993, EPA-430-R-93-008.

�U.S.  DOE, “Technical Support Document: Energy Conservation Standards for Consumer Products: Refrigerators, Furnaces and Television Sets”, November, 1988, DOE/CE-0239.

� Personal communication 7/21/95, Howard Geller, American Council for an Energy Efficient Economy.

� Stephens, Charlie, et al “Residential Compact Fluroescent Lighting, A Re-examination of Cost-Effectiveness Issues”, April 12, 1994.  

� Solar gains are considered constant in this discussion.

� A recent American Society of Heating, Refrigerating and Air-Conditioning Engineers’ publication suggests that the minor internal gain from variable use should be ignored.  The gain from the hot water in the pipes is offset by heat used to heat cold water brought inside the heated shell through other pipes.
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