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Executive Summary

For the 1996-98 program years, the Vermont Weatherization Assistance Program treated 2,285 housing units resulting in estimated dollar savings to Vermont citizens of $630,660 for the two-year period.  The number of units treated in the 1996-97 and 1997-98 program years was 1105 and 1180 respectively implying first year annual savings for the 1996-1997 program of $304,980 and first year savings of $325,680 for the 1997-98 program year.

The net present value of the savings over the estimated 20-year lifetime of the measures is $12,654,330 — 2,285 times the net present value (NPV) of the savings per unit, $5,538.  On average, the 2,285 participating units reduced their annual space heating consumption by 29 million British Thermal Units unweighted for type of fuel consumed or 36 million British Thermal Units (mmBTUs) weighted for fuels consummed.  The latter represents an average reduction in consumption of 23 percent for a program-wide savings of 82.6 billion BTUs for the two year period or 1,652 billion BTUs over the life of the installed measures.  The reduction in 1996-97 was 39.9 billion BTUs and the reduction in 1997-98 was 42.7 billion BTUs.  The savings for the period between April 1, 1996 and March 31, 1998 were equivalent to 597,712 gallons of oil or enough oil to heat 474 low-income homes at their rate of space heating fuel consumption prior to installing the weatherization measures.  This amounts to 288,695 gallons of oil equivalent in 1996-97 and 309,017 gallons of oil equivalent in 1997-98 or enough oil to heat 232 homes in 1996-97 and 245 homes in 1997-98.

The average cost of the energy efficiency measures installed per unit was $1,138, local agency fixed and indirect costs were $1,008, and OEO fixed and indirect costs were $113 for a total of $2,259 per unit.  The cost of all measures and all activities including health and safety measures was $3,451 per unit.  These measures provided an average net present value of energy savings of $5,538 over the life of the installed measures.  This means that for each program dollar spent for energy efficiency measures ($2,259) in the 1996-98 program years, $2.45 in 1997 net present value dollars was returned to the participant in the form of reduced energy costs.  For all measures, health and safety measures as well as energy efficiency measures (total $3,451), the benefit cost ratio is $1.60.  Ignoring the volume of fuels that are used, the program provided $1.52 of benefits for all measures for every dollar spent.

Non-energy benefits were also examined.   Non-energy benefits include the reduction of pollutants released to the environment, increased value of property, tax benefits, employment benefits, and improvements to health among other things.  The average per unit net present value of the non-energy economic benefits was $7,737, the average net present value of the environmental benefits was 1,059, the average net present value of the health and safety benefits was $1,805, and the average net present value of the utility service benefits was $754.  There was $36 of other non-energy benefits.  Overall, the average per unit net present value of the non-energy benefits was $11,391.  The total non-energy benefits over the life of the program are equal to $26,028,435.  Ignoring the energy savings benefits, the benefit / cost ratio for the non-energy benefits is 3.30.

When the energy and the non-energy benefits are combined the program produces $4.91 dollars of benefits for every dollar spent.  The net present value of the combined energy and non-energy benefits was $38,682,765 over the estimated 20 year life of the measures.

Table ES-1.
Summary of Evaluation Results

	Evaluation Criteria
	Value

	Units served
	

	April 1, 1996 to March 31, 1998
	2285

	April 1, 1996 to March 31, 1997
	1105

	April 1, 1997 to March 31, 1998
	1180

	Energy and energy savings analysis
	

	Average pre-program space-heating consumption
	156 mmBTU

	Average post-program space-heating consumption
	120 mmBTU

	Average space heating savings weighted for fuel consumption
	36 mmBTU

	Average space heating savings weighted by occurrence in population
	29mmBTU

	Average space heating percent savings (fuel weighted)
	23%

	Billions of BTUs saved over  the life of the measures 
	1,652

	Gallons of oil equivalent saved over the life of the measures
	11,953,240

	First year gallons of oil equivalent saved April 1, 1996 to March 31, 1998
	597,712

	First year gallons of oil equivalent saved April 1, 1996 to March 31, 1997
	288,017

	First year gallons of oil equivalent saved April 1, 1997 to March 31, 1998
	309,017

	Average pre-weatherization kWh usage non-space heating uses
	5,812

	Average post-weatherization kWh usage non-space heating uses
	5,681

	Average kWh savings non heating uses
	131

	Cost  analysis
	

	Average cost of energy efficiency measures including other and travel
	$1,138

	Average cost of efficiency measures, weatherization related local and OEO fixed and indirect costs, travel and other
	$2,259

	Average cost of health and safety measures including other and travel
	$606

	Average cost of health and safety measures , health and safety related local and OEO fixed and indirect costs, travel and other
	$1,192



	Average cost per unit for all measures
	$3,451

	Average cost per mmbtu over the lifetime of the measures
	$4.79

	Benefit analysis
	

	Average net present value of energy savings weighted by  quantities of fuel used by fuel type
	$5,538

	Average net present value of energy savings  without regard to quantities of fuel used by fuel type
	$5,228

	Average per unit net present value of economic benefits
	$7,737

	Average per unit net present value of environmental benefits
	$1,059

	Average per unit net present value of health and safety benefits
	$1,805

	Averageper unit net present value of utiltiy service benefits
	$754

	Averageper unit net present value of all  non-energy benefits
	$11,351

	Benefit / cost analysis
	

	Energy efficiency savings benefit / cost ratio1
	$2.45

	All measure savings benefit / cost ratio (weighted by  quantities of fuel used by fuel type)2
	$1.60

	All measure benefit / cost ratio (without regard to quantities of fuel used by fuel type)3
	$1.52

	Non-energy benefit / cost ratio4
	$3.30

	Benefit / cost ratio for all savings and benefits5
	$4.91

	Other measures of benefit
	

	Average reduction in air leakage rate
	37%

	Average  ambient  carbon monoxide (CO) reduction for all homes  (ppm)
	0.6

	Average ambient CO reduction for homes where CO was reduced (ppm)
	2.7

	Average CO reduction in water  heater vents for homes where CO was reduced (ppm)
	63

	Average CO reduction in space heating vents for homes where CO was reduced (ppm)
	48

	Average CO reduction for ranges(stoves) in homes where CO was reduced (ppm)
	132


1
This ratio is calculated by dividing the benefits from the energy savings weighted to reflect fuel use by the cost of  purchasing and installing energy savings measures.

2
This ratio differs from the one in the preceding row because the energy savings benefits weighted to reflect fuel use have been divided by the cost of installing both the energy savings measures as well as measures associated with health, safety, and rehabilitation costs.

3
This ratio is the same as the one on the preceding line but it assumes that savings are weighted by the number of units for each type of fuel rather than the amount of fuel consumed for each fuel type.

4
This ratio is calculated by dividing the non-energy benefits by the cost of installing all of the measures.  In other words, all benefits are assumed to be non- energy benefits.

5
This ratio is calculated by summing all of the energy and non-energy benefits and dividing by all of the costs.
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Chapter 1.
Introduction

TecMRKT Works is pleased to present this report on the energy and non-energy impacts of the Vermont Weatherization Assistance Program.  The evaluation examines program impacts and the array of benefits associated with those impacts that accrue to the recipient of the service, the community, the State of Vermont and the larger society.

This report is based on an analysis of information provided by the Vermont Office of Economic Opportunity (OEO).  This information included participation and energy consumption records from five regional agencies representing nine field offices.  The participant and energy consumption records, which were maintained by the regional agencies, were downloaded from the Weatherization Data Management System (WDMS).  The TecMRKT Works scope of work did not include verifying the accuracy of the data.  However, we note that the cost and energy data are consistent with those from previous years and from other jurisdictions.

This report is an expanded version of earlier reports.  Earlier reports focused almost entirely on energy impacts and the cost benefit analysis of those impacts.  This report expands the analysis to include a broad range of environmental, health, and safety benefits.  This report includes a new chapter describing non-energy benefits based on a review of relevant literature and provides estimates of the non-energy benefits that may be claimed by the Vermont program.  Appendix C, which is new to this report, explains in detail how those benefits were estimated.

Program Background

The Vermont State Office of Economic Opportunity directs the Vermont Weatherization Assistance Program.  The primary objective of the program is to improve the energy efficiency of eligible low-income households.  In addition to providing health and safety benefits, such as reductions in carbon monoxide levels and reductions in risk for home fires, the program also provides financial benefits to participants by reducing the amount of money needed to pay energy bills and by increasing participant ability to control their consumption.  In addition, the program has broader social benefits by reducing the amount of pollution produced by generating and distributing electricity to the customer and by reducing atmospheric emissions produced by the household through reduction in the amount of energy used for heating.

The OEO implements the program through five agencies serving nine field offices (Table 1).  Each of these areas has a program implementation staff responsible for identifying and enrolling participants, conducting energy audits, installing measures, and inspecting completed work.

Table 1.
Field Office and Agency Name

	Field Office
	Agency Name

	Bennington
	Bennington-Rutland Opportunity Council

	Rutland
	Bennington-Rutland Opportunity Council

	Barre
	Central Vermont Community Action Council

	Burlington
	Champlain Valley Office of Economic Opportunity

	Middlebury
	Champlain Valley Office of Economic Opportunity

	St. Albans
	Champlain Valley Office of Economic Opportunity

	St. Johnsbury
	Northeast Employment Training Organization

	Newport
	Northeast Employment Training Organization

	Bellows Falls
	Southeast Vermont Community Action 


Chapter 2.
The Energy Impact Evaluation Design and Methodology

The basic design for the energy impact study is a pre- and post-retrofit comparison of weather adjusted energy consumption for buildings with a single heating source.  In this design, the weather normalized energy consumption of a test group is compared before and after weatherization measures are installed.  The difference in energy consumption between the before and after period is the program savings.  We attempted to include a comparison group to account for other explanations of the differences but the number of cases was too small to permit us make reliable generalizations.

Data Collection Techniques

The participation and energy consumption data were collected and entered into the WDMS data system by the five regional agencies.  The regional agencies contacted energy suppliers in their areas and requested the fuel consumption records for participants.  Pre-weatherization fuel data is collected prior to the audit.  The post-weatherization data is collected after a suitable interval.

TecMRKT Works received a complete copy of the WDMS system and data.  The data in this system included client identification data, building data, data about measures and measure costs, energy consumption data (when available), and funding source identification.  Because any of several agencies / programs might fund the installation of a specific measure, the source of funding is also tracked in the database.  Local agency and OEO fixed and indirect costs were compiled separately from local grantee financial reports and provided to TecMRKT Works by the OEO.

Fuel Use Data

After reviewing the relevant data in the WDMS, TecMRKT Works identified 357 building units with sufficient fuel data to warrant inclusion in the study.  Of these, 194 had sufficient pre- and post-retrofit data for possible inclusion in the energy savings analysis (Table 2).  Of these 194 buildings, 84 had data of sufficient quality to pass the reliability checks for the analysis (see below).

This reduction in available records for the impact analysis is not unusual for buildings in the northeastern areas of the United States where bulk fuel deliveries and the use of supplemental heat sources are often pervasive in the low-income population.  In Vermont, many participants use fuel oil or liquid propane to heat their homes.  The records that track delivery of these fuels do not necessarily correspond to the rates at which the fuels are used, making use of the fuel records problematic for estimating energy savings.  Low income users may purchase fuels from a different supplier to avoid a payment issue.  The ability of small bulk energy suppliers to accurately track and report delivery amounts is sometimes suspect.  In the Northeast there is a substantial use of wood, kerosene and small portable electric heaters to supplement primary fuels.  This further complicates the statistical relation between primary fuel use and weather.  Also, fuel use is often influenced by changes in family size, energy-related behaviors, and the social and economic conditions of the household.  Together, these conditions often make energy consumption data unusable for estimating weatherization program impacts.  When these conditions prevail, it is not unusual to exclude 80 percent or more of participating households from a statistical examination of consumption records.

Weather Data

In order to conduct an energy savings analysis using the PRISM™ software (see below), approximately twelve years of average daily temperature data are needed in addition to the weather data for the pre- and post-program years.  These data were obtained from a weather data repository located at the University of Dayton School of Engineering, (ftp://ftp.engr.udayton.edu/jkissock/noaa/).  The data from the Burlington, Vermont, weather station were used for the analysis of all building locations.

PRISM™

Program impacts were examined using PRISM™ Advanced Version 1.0 software for Windows developed at Princeton University’s Center for Energy and Environmental Studies.  The use of PRISM™ software was specified for this evaluation because it was used in the earlier OEO evaluations.

PRISM™ is a commercially available analysis software package designed to estimate energy savings for heating and / or cooling loads in residential and small commercial buildings.  The current Advanced Version permits users to enter and edit data from a variety of sources, to carry out sophisticated reliability checks, to eliminate cases that do not meet standards, and to display results in graphical and textual forms.

PRISM™ allows the user to estimate the change in energy consumption per heating or cooling degree day for the periods before and after measures are installed in homes by combining energy consumption and weather data.  By subtracting the estimate of energy use per degree day after the measures are installed from the value before the measures are installed and multiplying by an appropriate annual degree day value, total energy savings can be estimated.

Degree days vary from year to year, which potentially present a problem for deciding on a value for annual degree days.  This is especially problematic if one is trying to determine paybacks.  For example, one could normalize the savings to the period preceding the installation of measures or the period after.  If one selects a warm period, then savings may be too low and paybacks too long.  If one selects a cool period for normalization, then the estimate of paybacks may be too high.

PRISM™ mitigates this problem by effectively averaging temperatures over a twelve year period and providing an estimate of degree days that is typical for the region of the study, although not one that necessarily matches the specific weather conditions in any given year.  The user can select a twelve-year period or use the PRISM™ recommended period of January 1, 1980 to December 31, 1991.  The advantage of normalizing to the PRISM™ recommended period is that the results will be consistent from study to study over a period of time.  The same end can be achieved by consistently using the same user selected time frame.  For this study we chose the period from October 1, 1985 to September 30, 1999.

A major feature of PRISM™ is the ability to evaluate cases against reliability criteria.  The first criterion is the R2 value (explained variance), a measure of the fit of the degree day and energy consumption data, or in statistical lingo, the amount of variance in energy consumption explained by changes in degree days.  Energy consumption is assumed to be a linear function of degree days.  R2 varies from 0 to 1.  If R2  is close to zero it means that factors other than outdoor temperature are driving heating fuel consumption.  If the R2  is close to 1 it means that outdoor temperature is almost entirely responsible for heating fuel consumption.  Outdoor temperature is usually the overriding factor in heating fuel use and the goal of the weatherization program is to improve the thermal characteristics of the building shell and the fuel use rate of the heating system to reduce fuel use related to outdoor temperature.  The PRISM™ default for R2 is set at .7.  This means that at least seventy percent of heating fuel use is temperature related.  If less than 70 percent of the fuel use in a building is temperature related, then it becomes difficult to understand the effects of the weatherization measures and the case is dropped from the analysis.  We used .7 in this study although most of the R2 values in this study were .85 or higher.  In other words, 85 percent or more of heating fuel use in this study is temperature driven.  When cases failed the R2  test it was usually because there were two few data points before or after the weatherization date and most typically two few after weatherization.

PRISM™ has a second measure of reliability, the coefficient of variation for the normalized annual consumption (CVNAC).  Normalized annual consumption is the amount of fuel consumed by a unit for a typical weather year.  When estimating normalized annual consumption some estimates may have a very tight error band while others may have a band that is quite wide.  In estimating the average consumption we want estimates of unit consumption that are very close to the actual and we want to eliminate values that may not be very close because they may cause the estimates of the average consumption for all units to vary significantly from the actual.  Because the variation in the estimates of normalized annual consumption generally will be higher in homes with higher consumption, the estimate of the variation in normalized annual consumption is divided by the estimate of normalized consumption to obtain CVNAC.  This provides a standardized measure of the variability of the normalized consumption that is comparable across homes.  The PRISM default for CVNAC is seven percent and that is the value used in this study.  Housing units that failed the PRISM™ criteria most often failed this test.

Data Editing

The tables in the WDMS database are relational and while they share common identification fields, the same fields are not necessarily shared by all tables.  The first step in our analysis was to create a crosswalk table that allowed us to locate records in any table using common fields.  The second step was to identify all housing units where weatherization measures were installed between April 1, 1996 and March 31, 1998.

In order to accurately assess energy impacts it is important to have a date when measures are in place and acting to reduce energy consumption.  Measures are not always installed on the same day or even within several days of each other.  All dwelling units receiving measures are inspected and the date at which measures are inspected and approved is tracked in the database.  We chose this date as the date for determining when a unit is included in the analysis because the inspections are done shortly after the measures are completed and correctly installed.  This date insures that all measures had been installed.

We also used this date as the breakpoint for determining pre- and post-weatherization fuel consumption.  Fuel consumption records prior to this date were assumed to represent consumption of a pre-weatherized dwelling and those following were assumed to represent consumption in a weatherized unit.  In about five percent of the cases, there was a fuel consumption record with a date that followed closely after the post inspection data.  Such records could reflect pre-weatherized consumption rather than post-weatherized consumption.  When we examined consumption on a unit by unit basis during the analysis, we reclassified some of these readings from post consumption to pre consumption readings when it was clear that reclassification would result in better estimates of pre and post consumption.

We examined and cleaned data for five space heating fuel types: fuel oil, kerosene, natural gas, liquid propane, and electricity.  We removed a small percentage of records that may have been received from the fuel dealer twice.  We also encountered some records that were duplicates except for the quantity of fuel.  In a few cases a duplicate record with an erroneous fuel quantity had been entered.  These were removed.  In other cases, a unit had more than one fuel record, for example, a delivery to each of two oil barrels or a unit with two electric meters.  In these cases the information was combined to form a single record for analytic purposes.

We constructed two groups of electricity customers, those who use electric heating and those who only use electricity for other end uses.  Efficiency measures such as water heater wrap, water conservation devices, and pipe insulation were used with electric water heaters.  Compact fluorescent bulbs and water bed insulation covers also were installed as part of the program.  Because of this and the fact that electricity consumption may decrease when the use of other heating fuels is reduced, we used PRISM to examine household electricity consumption for all participants for whom we calculated savings for other primary fuels. Theoretically, improved efficiency would reduce furnace / boiler run times. The alternative to using PRISM would have been to have compared average consumption.  We do not believe that using averages would have changed the outcome very much. 

For these households electricity consumption often did not pass the PRISM™ reliability criteria because the R2  values were particularly low.  This is because the temperature related component of electricity use in retrofitted buildings with non-electric primary space heating is overwhelmed by not temperature related behaviors.  Later in this report we provide estimates of savings for both groups of electricity customers.  There are substantial savings for customers with electric space heating and very small electricity savings for customers who use other types of heating fuels.  
We examined the energy records for estimated data, out-of-range data, and for data comprehensiveness and established pre- and post-program participation dates for each home consistent with the WDMS inspection dates.  We then formatted the data into files for import into the PRISM™ software.  We subsequently ran the first PRISM™ analysis and examined raw data and PRISM™ results for each home.

With respect to space heating fuel, we evaluated each home’s R2 and CVNAC values to identify “problem” homes to be singled out for more careful inspection.  We also examined the pre- and post-retrofit energy consumption information and “read” dates.  We confirmed that the retrofit dates used to assign energy consumption values to the pre- and post-program periods were correct.  For homes where the dates were problematic, we examined the PRISM™ results by placing the values in question in both the pre- and post-program periods and identified which period provided the best R2 and CVNAC value.  If neither the pre- or post-program period provided an improved run, the reading was excluded from the analysis for that home.  In some instances, PRISM™ runs were improved by merging consumption data from two or more periods into one period.  Homes where data did not meet the reliability criteria were removed from the final PRISM™ analysis.

Chapter 3.
Energy Impacts

Introduction

During the 1996-98 program years, the Vermont Weatherization program saved an average of 36 million BTUs of space heating energy per unit per year for the 84 housing units that passed the statistical reliability test and were included in the savings analysis.  Assuming this amount of savings is representative of the savings of other units in the program, there was an average 23 percent reduction in space heating fuel use per unit.  For the 1996-98 program years during which an estimated 2285 housing units were weatherized, the program achieved a total annual energy savings of 82.6 billion BTUs or approximately 597,713 gallons of oil equivalent.  Over the 20-year lifetime of the installed measures the energy savings are expected to equal 1,652 billion BTUs or about 11.95 million gallons of oil equivalent.  The number of units treated in the 1996-97 and 1997-98 program years was 1105 and 1180 respectively implying first year annual savings for the 1996-1997 program of $304,980 and first year savings of $325,956 for the 1997-98 program year.

The Units Being Analyzed

According to the tracking information, the program served 2,285 housing units in 1,814 buildings between April 1, 1996 and March 30, 1998 (two program years).  Buildings may have more than one unit.  The primary fuels examined in this analysis were propane, natural gas, electricity, kerosene, and fuel oil.  Other primary fuel types recorded in the tracking system but not included in the analysis were coal and wood.

Table 2 presents the details of the inclusion of units in the PRISM™ savings analysis.  To be included in the analysis the unit had to have had a post weatherization inspection.

Table 2.
Population of Units In Study

	Fuel Type
	Units in
WDMS
Files (that have  post-inspection dates)
	Units with
One 
Heating Source
	Units with Pre- and Post- Program Energy
Records
	Units with at Least 6 Pre- and 6 Post- Weatherization Energy Records1
	Units meeting reliability criteria  used in 
the PRISM Analysis2

	Liquid propane
	358
	221
	72
	30
	3

	Natural gas
	140
	128
	76
	76
	63

	Electric heat
	95
	69
	11
	11
	1

	Fuel oil
	784
	622
	154
	53
	14

	Kerosene
	475
	343
	44
	25
	3

	Totals
	1852
	1383
	357
	195
	84


1
Energy consumption analysis includes participants with data from April 1, 1996 to March 31,1998..

2
These units met the reliability criteria with PRISM R2 levels of .7 or better and NAC of 7% or less.

Table 3 summarizes program participation and the fuel types of the buildings in the savings analysis.  The data for units with natural gas heating were clearly better than for the units with fuel sources.  We also need to exercise some caution because of the small number of cases for three of the five fuel types.  Throughout the remaining analyses we have weighted the overall results to account for the difference between the type of heating units in the population and the type of heating units in the analysis group.

Table 3.
Number of Units and Buildings in the Analysis between April 1996 through March 1998

	Primary Fuel
Type
	Number of
Units
	Percent of
Units
	Percent of Fuel
Types Evaluated

	Propane
	278
	12
	4

	Natural gas
	161
	7
	75

	Electric
	134
	6
	1

	Kerosene
	544
	24
	3

	Fuel oil
	962
	42
	17

	Other fuel type
	206
	9
	

	
	
	
	

	Totals
	2285
	100
	100


In order to estimate the energy savings from program efforts, it is necessary to make assumptions pertaining to the measures installed and how these measures are used in the average unit.  For this evaluation it was assumed that the savings calculated for the average unit in the impact analysis reflect the savings in the average participant’s unit and that the measures installed in homes last 20 years or more.  These are the same assumptions that have been used in previous Vermont impact studies.

Program Energy Savings

Table 4 presents the basic data from the energy savings analysis.  Columns 3 and 4 are the pre- and post- average annual normalized energy consumption estimates for each of the four fuel types as determined by PRISM™.  Column 5 is the simple difference between the estimates or the savings in units of consumption, e.g., gallons, therms, or kWh.  Columns 7 and 8 are the BTU equivalents of columns 3 and 4 multiplied by the number of units.  Column 9 is the savings by fuel type for the total number of units for each fuel type.  Column 10 is the percent savings, which is the savings in millions of BTUs (column 9), divided by the pre-retrofit consumption (column 7).  The last row in the table displays the annual averages for pre-retrofit consumption, post-retrofit consumption, savings and percent savings.

Percent savings is the weighted average of the percent savings by fuel type.  This value is calculated by dividing the total savings in mmBTUs by the total pre-retrofit consumption.

The last two columns in Table 4 summarize savings by fuel type.  Savings for heating fuels range from 11percent for propane to 33 percent for kerosene.  The average savings per unit was 23 percent.

The units examined in the PRISM™ analysis where propane was the primary heating fuel showed a reduced consumption of 11 percent, or 183 gallons of fuel annually.  On average, homes heated with liquid propane used 1,594 gallons per year prior to program participation and 1,411 gallons following program participation.

For natural gas, the average savings was 129 therms of gas a year, or 18 percent of consumption.  The normalized pre-program annual consumption was 732 therms per year and the normalized annual post-program consumption was 603 therms.

Homes using kerosene for space heating consumed an average of 806 gallons before they were weatherized and 541 gallons afterwards for a reduction in consumption of 265 gallons or 33 percent.
Table 4.
Energy consumption and savings calculations based on savings estimates for units meeting statistical reliability criteria

	

Fuel
	
Number of Units
	Pre-retrofit consumption per unit1
	Post-retrofit consumption per unit1
	Savings consumption per unit
	Conversion Factors BTUs / unit
	Pre-retrofit consumption  (mmBTUs)5
	Post- retrofit consumption (mmBTUs) 6
	
Savings
mmBTUs
	
Percent Savings

	Propane2
	278
	1594
	1411
	183
	91600
	40591
	35931
	4660
	11

	Natural gas3
	161
	732
	603
	129
	100000
	11785
	9708
	2077
	18

	Kerosene2
	544
	806
	541
	265
	136600
	59894
	40202
	19692
	33

	Oil2
	962
	1260
	906
	354
	138200
	167515
	120451
	47064
	28

	Electricity space heat and other end uses4
	134
	13220
	11494
	1726
	3413
	6046
	5257
	789
	13

	Electricity all other end-users4 
	1945
	5812
	5681
	131
	3413
	38582
	37712
	870
	2

	Total units
	2079
	
	
	
	
	324413
	249261
	75152
	

	Average annual fuel savings
	
	
	
	
	
	156
	120
	36
	23


1
Estimates from PRISM™ analysis

2
Gallons

3
Therms

4
kWh

5
This column is the product of column 2, column3, and column 6

6
This column is the product of column 4, column 4, and column 6

For homes heated by fuel oil, the annual savings are estimated at 28 percent of pre-weatherization consumption or 354 gallons.  The average normalized pre-program consumption for oil heated homes is 1,260 gallons a year and the normalized post-program consumption is 906 gallons.

For units heated with electricity, the consumption decreased from 13,220 kWh prior to weatherization to 11,494 kWh per year after weatherization for a saving of 1,726 kWh annually.  This 13 percent decrease in consumption reflects both the decrease in consumption for electric heating and any decrease in consumption for other electric end-uses in these homes.

The overall focus of this program is thermal and shell improvements.  However, there are also some activities in the program, for instance providing compact fluorescent bulbs and water bed insulation covers and, for homes with electric water heating, adding hot water tank wrap, setting back water heater temperature, adding aerators to faucets, and installing low flow shower heads that can reduce general electric end-use consumption.  Weatherization activities might also lead to a reduction in electric energy consumption, through reduced use of furnace blowers and oil firing units. Using PRISM, we examined reduction in electric consumption for units that were not electrically heated.   The average electric consumption in homes not heated with electricity was 5,812 kWh before weatherization and 5,681 after weatherization for an average annual savings of 131 kWh.
Net savings analysis

In many savings analyses we compare the results from a group of participants and non-participants to account for factors other than program which may affect savings.  For example, if the economy is good, participants and nonparticipants may have more disposable income and they may elect to use some of it to improve their comfort.  This may mean that after adjustments for weather, participants' savings might be slightly lower than you would expect and nonparticipants may significantly increase their usage.  By comparing the usage of participants and nonparticipants for the same time periods you can determine how much of the effects of a program are due to the program and how much may be due to other factors.

For this analysis we did attempt to examine the changes in energy usage for a group of nonparticipants.  However, the sample sizes were small and we determined that the results were as likely to be misleading as they were insightful.  Therefore, we have not provided the results for a comparison group.

Air infiltration reduction

The reduction of air infiltration is an important method for reducing energy consumption.  One method of identifying reductions in air infiltration is through the use of a blower door.  A blower door is a high-powered exhaust fan that is placed in an exit door and sealed so that air cannot leak through the door except through the exhaust fan. The fan is turned on and the air in the house is “blown” outside.  The result is a pressure drop on the inside of the home.  The level of the pressure drop is a measure of the tightness of the home.  The leakier the home the less the inside pressure will drop.

In the Vermont Weatherization Assistance Program each home is given a blower door test before and after weatherization measures are installed.  The difference in the pre- and post- retrofit blower door CFM50 is reported as an indicator of the improved “tightness” of the home.  The tighter the home, the less energy is lost through air infiltration and warm air leakage.  The average leakage reduction was 37 percent.  The lowest average for improved blower door results for a single field office was 29 percent, and the highest average was 45 percent.  Table 5 presents the blower door impact results by field office.

Table 5.
Blower Door Pre- and Post-Retrofit Comparison

	Field Office
	Pre-Program
Blower Door
CFM50
	Post-Program
Blower Door
CFM50
	Average
Reduction
CFM50
	Average Percent
Improvement
	Number of Units

	Bennington
	3872
	2068
	1804
	40
	169

	Rutland
	4457
	2649
	1809
	34
	221

	Barre
	5027
	3294
	1733
	34
	486

	Burlington
	3693
	2563
	1131
	29
	204

	Middlebury
	3278
	1986
	1292
	33
	119

	St. Albans
	4619
	2137
	2482
	43
	140

	St. Johnsbury
	6137
	2531
	3606
	45
	202

	Newport
	5042
	2799
	2244
	44
	186

	Bellows Falls
	5874
	3194
	2680
	38
	349

	Averages
	4865
	2765
	2100
	37
	2076


Carbon Monoxide (CO) Reductions

In addition to tightening homes, the Vermont program also examines some aspects of indoor air quality, most notably the presence of carbon monoxide.  This is particularly important because tightening the home to produce energy savings can cause deterioration of the indoor air quality.  Carbon monoxide is a byproduct of inefficient combustion which, depending on the concentrations in the ambient air, can produce health effects and / or death.  An example of how this might happen is a cracked heat exchanger on a furnace that allows the gases from the combustion chamber to enter the plenum that circulates warm air to living spaces.  It is important to adjust combustion appliances so that they produce little or no carbon monoxide and to make sure that gases from the combustion chamber are properly vented out-of-doors and cannot reach living spaces.

For appliances with vents, carbon monoxide is measured by inserting a probe in a small hole drilled in the vent pipe.  For stoves (ranges), carbon monoxide is usually measured near the vent at the top of the range.  Ambient air quality is sampled by holding the wand in an open room.

Table 6 shows the average CO for three appliances and ambient air before and after weatherization for all units for which there were measurements and for those units which showed reductions in CO between the before and after measurements.  Adjustments or corrective actions were made for 28 percent of water heaters, 63 percent of heating systems, and 39 percent of ranges (see row 6).  For homes where steps were taken to reduce CO, CO dropped by 63 parts per million (ppm), for water heaters, 48ppm for heating systems, and 132 ppm for ranges (see row 9).   For homes with improvements in ambient air quality the average improvement was 2.7 parts per million.

Table 6
Carbon monoxide levels before and after weatherization and for units where CO was reduced due to actions taken during weatherization

	
	Water heater
	Heating system
	Range
	Ambient Air

	All units
	
	
	
	

	Number of units
	549
	1301
	846
	857

	Average level of Carbon Monoxide before weatherization  (ppm)
	25
	42
	99
	2.4

	Average level of carbon monoxide after weatherization (ppm)
	8
	13
	47
	1.8

	Difference (ppm)
	17
	29
	52
	0.6

	
	
	
	
	

	Units with a reduction between the pre and the post period
	
	
	
	

	Number of units
	154
	801
	334
	207

	Percent of tested units with changes in CO
	28
	63
	39
	24

	Average level of carbon monoxide before weatherization (ppm)
	76
	61
	195
	5.4

	Average level of carbon monoxide after weatherization (ppm)
	13
	13
	63
	2.7

	Difference (ppm)
	63
	48
	132
	2.7


We also examined the range of carbon monoxide in homes following weatherization. Table 7 shows the distribution of CO by appliance and for ambient air within a series of ranges.  For water heating and heating systems, 95 percent and 86 percent of units had CO readings of less of less than 25 ppm after weatherization.  Due to the nature of the operation of ranges the levels for ranges was somewhat higher.  Ninety-nine percent of the units weatherized had ambient levels of CO below 25 ppm.

Table 7
CO levels for appliances and ambient air after households were weatherized

	Range of CO  in parts per million (ppm)
	Water heater (number of units)
	Heating system (number of units)
	Range (number of units)
	Ambient Air (number of units)

	0
	225
	144
	158
	462

	1 - 25
	294
	1054
	165
	391

	26 - 50
	24
	82
	265
	3

	51 - 100
	4
	22
	190
	4

	101 - 200
	1
	5
	17
	1

	201+
	1
	4
	18
	1


Chapter 4.
Program Costs

Measure Specific Installation Costs

Table 8 reflects the average costs to install measures in each of the geographic areas served by the program.  These costs reflect only the costs of measure installation and do not reflect the fixed and indirect costs for managing the program.  Measure costs range from an average of about $42 per unit for insulating hot water tanks and installing low flow restrictors to an average of $1,879 to replace a furnace.  The costs to replace furnaces ranged from between $1,226 in Burlington to $2,974 in Middlebury.

This cost spread is typical for weatherization programs and reflects the difference in sizes of dwellings, variations in installation requirements, differences in furnace types, variations in the size of replacement units, and variations in installation costs from area to area.  The differences in average costs between the field offices are not always comparable because the number of installations, the types of equipment, and the size of units may vary.  Also, the averages may reflect data for one or two units while others may reflect data for many units.  Averages based on small numbers of installations may be distorted by particularly high or low costs associated with one or two installations.

Unit and Building Costs

Table 9 displays the average cost to weatherize different sized buildings in each of the regions.  The average single unit building accounted for 91 percent of all jobs and 72 percent of all units.  The average cost to weatherize a single unit structure was $2,019 with the costs for single units ranging from a low of $101 to a high of $7,841.  The remaining nine percent of jobs and 28 percent of units were in buildings with two or more units.  Weatherization measures in duplex structures averaged $1,451 per unit and triplex units averaged $1,139 per unit.

Total Program Costs

Table 10 displays the cost information for all units analyzed between April 1, 1996 and March 31, 1998.  The sixth row of the table shows the number of treated units for each region.  The total amount spent on all measures exclusive of fixed, indirect, and other costs during this period (row 1) was $3.80 million.  About two-thirds of these dollars were spent on weatherization measures (row 2) and one-third on health and safety measures (row 4).

Table 8.
Average Cost Per Weatherization Measure
	Measure
	Bennington
	Rutland
	Barre
	Burlington
	Middlebury
	St. Albans
	St. Johnsbury
	Newport
	Bellows Falls
	Average Cost

	Heating system replacement
	$1,269
	$1,565
	$1,954
	$1,226
	$2,974
	
	$1,673
	$1,451
	$2,396
	$1,879

	Heating system repair
	$197
	$244
	$220
	$177
	$191
	$321
	$187
	$285
	$285
	$233

	Heating distribution system repair or upgrade
	$74
	$117
	$154
	$334
	$202
	$140
	$105
	$163
	$143
	$150

	Heating distribution system insulation
	$90
	$135
	$165
	$93
	$103
	$69
	$57
	$153
	$104
	$110

	Open attic insulation
	$312
	$241
	$522
	$277
	$292
	$264
	$300
	$298
	$308
	$327

	

	Closed cavity ceiling insulation
	$218
	$245
	$393
	$206
	$96
	$231
	$282
	$120
	$216
	$241

	Sidewall insulation
	$372
	$329
	$437
	$459
	$294
	$212
	$333
	$329
	$393
	$365

	Floor insulation
	$398
	$459
	$557
	$416
	$247
	$335
	$493
	$281
	$367
	$410

	Sill insulation
	$96
	$43
	$109
	$99
	$60
	$75
	$57
	$62
	$81
	$76

	Foundation or slab iinsulation
	$321
	$213
	$433
	$136
	$112
	$154
	$231
	$93
	$231
	$230

	

	Window upgrades primary or storm
	$66
	$61
	$185
	$134
	$78
	$101
	$200
	$166
	$66
	$138

	Air sealing and weather-stripping
	$268
	$304
	$339
	$147
	$156
	$222
	$237
	$323
	$185
	$253

	Rim area blown insulation
	$143
	$33
	$101
	$174
	$91
	$121
	$163
	$39
	$99
	$146


Table 8.
Average Cost Per Weatherization Measure (continued)

	Measure
	Bennington
	Rutland
	Barre
	Burlington
	Middlebury
	St. Albans
	St. Johnsbury
	Newport
	Bellows Falls
	Average Cost

	Hot water tank insulation, low-flow measures
	$20
	$18
	$40
	$73
	$36
	$26
	$26
	$33
	$65
	$42

	Lighting and electrical improvements
	$16
	$27
	$103
	$56
	$46
	$66
	$16
	$41
	$115
	$72

	Hot water piggyback charges
	$14
	$9
	$22
	$38
	$22
	$21
	$15
	$18
	$10
	$18

	Lighting and electrical piggyback charges
	$59
	$57
	$78
	$95
	$60
	$85
	$60
	$40
	$71
	$67


Table 9.
1996–98 Average Total Measure Costs Per Unit

	
Units in
Building
	Number of Buildings
	

Bennington
	

Rutland
	

Barre
	

Burlington
	

Middlebury
	
St. Albans
	
St. Johnsbury
	

Newport
	

Bellows Falls
	Average Dollars per Unit

	1
	1644
	$1,804
	$1,862
	$1,903
	$2,423
	$2,430
	$2,475
	$1,829
	$2,019
	$1,975
	$2,019

	2
	80
	$1,374
	$1,044
	$1,297
	$1,751
	$2,038
	$2,272
	$1,500
	$871
	$1,564
	$1,502

	3
	30
	$1,143
	$3,129
	$1,080
	$925
	
	$2,003
	$692
	$1,042
	$1,879
	$1,245

	4
	23
	$943
	$1,100
	$942
	$553
	$419
	$1,140
	$916
	
	$1,156
	$776

	5
	7
	
	
	$456
	$336
	
	
	
	$865
	$974
	$793

	6
	7
	
	
	$364
	$534
	
	
	$715
	
	$972
	$574

	7
	2
	$1,421
	
	
	$606
	
	
	
	
	
	$1,013

	8
	7
	
	
	$426
	
	
	
	
	
	
	$426

	9
	2
	
	
	
	
	
	
	
	$678
	$1,095
	$886

	10
	2
	
	
	$635
	
	
	
	
	
	
	$635

	12
	4
	
	
	$594
	
	
	
	
	$309
	$1,121
	$654

	15
	1
	
	
	
	
	$1,171
	
	
	
	
	$1,171

	24
	1
	
	
	
	
	$112
	
	
	
	
	$112

	25
	1
	
	
	
	$811
	
	
	
	
	
	$811

	Average Per Unit Cost
	
	
	
	
	
	
	
	
	
	
	$1,558

	Total Dollars
	
	
	
	
	
	
	
	
	
	
	$3,520,306


In addition to the program’s direct costs for the energy efficiency measures, there are costs associated with the travel to install the measures.  Row 3 and row 5 show these costs apportioned to energy efficiency measures and health and safety measures.

Each field office has fixed and indirect costs to manage and implement the program. Local fixed and indirect costs include: administration (10 percent), fiscal audit, liability insurance, training and technical assistance, energy auditor salaries and fringe benefits, tool purchases, maintenance, repair, material storage, client in-take, data collection, reporting, etc.  The fixed and indirect costs are calculated annually for each field office and are reported for the office as a whole. These are based on the final expense reports for each field office as reported to the Vermont OEO.  These costs are not included in the WDMS system and were provided to TecMRKT Works by the Vermont OEO.  The regional offices spent $3.51 million for fixed and direct costs (row 7) over a two year period.

However, these costs also support other measures in addition to the weatherization program, such as housing repairs and health and safety measures.  In order to estimate the fixed and indirect costs required to support the installation of the weatherization measures, we calculated the percentage of all measures that were weatherization related.  We then multiplied the total fixed and indirect costs by the percentage of weatherization measures.  When these are apportioned to the weatherization and health and safety measures, a total of approximately $2.3 million are associated with weatherization (row 8) and $1.2 million with health and safety measures (row 9).

The fixed and indirect costs for the Vermont OEO totaled about $0.39 million (Table 10 continued, row 10) over the two year period.  These expenses include OEO administration (approximately 3.5 percent), training and technical assistance, vehicle purchases, data collection, reporting, tools and equipment, and evaluation costs.  Approximately $0.26 million of these expenses are associated with weatherization and the remainder with health and safety measures.  The methods for determining these amounts is identical to that for determining the split for weatherization and health and safety funds for the regional offices.

When all of the weatherization related costs are summed (Table 10 row 4), the total cost of the weatherization measures is approximately $5.2 million.  Based on these data, the statewide average to weatherize a unit is $2,259 (row 18).  The costs by region range from a low of $1,563 in Middlebury to a high of $2,611 in Rutland.  This is a reasonable spread given differences in buildings, the difference in the condition of buildings, differences in the operation of the regions, the number of units weatherized, and a variety of other factors.

Table 10.
Measures and Fixed and Indirect Costs by Field Office and Funding Source

	Row
	
	Bennington
	Rutland
	Barre
	Burlington
	Middlebury
	St. Albans
	St. Johnsbury
	Newport
	Bellows Falls
	Totals 
& Averages

	1
	Total  $ all Measures1
	$299,133
	$371,736
	$817,764
	$390,195
	$320,820
	$316,468
	$319,655
	$301,264
	$661,111
	$3,798,146

	2
	$ WX Measures1
	$199,929
	$260,271
	$590,459
	$262,010
	$136,780
	$177,191
	$220,437
	$183,979
	$451,118
	$2,482,174

	3
	$ WX Measures with other and travel
	$214,040
	$277,079
	$590,947
	$267,521
	$145,852
	$193,849
	$232,383
	$200,910
	$472,200
	$2,600,445

	4
	$ H&S&R Measures2
	$99,204
	$111,465
	$227,305
	$128,185
	$184,040
	$139,277
	$99,218
	$117,286
	$209,993
	$1,315,971

	5
	$ H&S&R Measures with other and travel
	$106,206
	$118,663
	$227,493
	$130,881
	$196,246
	$152,370
	$104,594
	$128,079
	$219,807
	$1,384,339

	6
	Number of Units
	187
	223
	529
	256
	174
	143
	200
	191
	382
	2,285

	7
	Local fixed / Indirect $3
	$338,617
	$397,507
	$631,074
	$377,263
	$265,799
	$214,354
	$312,434
	$300,182
	$670,411
	$3,507,641

	8
	Local fixed / Indirect WX $ (65.7%)
	$226,319
	$278,315
	$455,661
	$253,327
	$113,322
	$120,018
	$215,457
	$183,318
	$457,464
	$2,303,200


Source: Vermont OEO WDMS Database for all units (a building may have more than one unit) with a closing date between April 1, 1996  and  March  31, 1998 where the “units credited” field was not zero.

_______________

1
Direct measures funded by the Office of Economic Opportunity including the demand side management piggyback programs but not including travel.

2
H&S&R is the abreviation for health and safety measures or rehabilitation of the unit.

3
Local fixed and indirect costs include: administration (10%), fiscal audit, liability insurance, training and technical assistance, energy auditor salaries and fringe benefits, vehicle maintenance, repair, gas, oil, mileage, vehicle insurance, tool purchases, maintenance, repair, material storage, client in-take, data collection and reporting, etc.

	Table 10.
Measures and Fixed and Indirect Costs by Field Office and Funding Source (continued) 

	Row
	
	Bennington
	Rutland
	Barre
	Burlington
	Middlebury
	St. Albans
	St. Johnsbury
	Newport
	Bellows Falls
	Totals 
& Averages

	9
	Local fixed / indirect $ H&S&R (34.3%)
	$112,298
	$119,192
	$175,413
	$123,936
	$152,477
	$94,336
	$96,977
	$116,864
	$212,947
	$1,204,441

	10
	OEO Total Costs1
	$32,122
	$38,306
	$90,870
	$43,975
	$29,889
	$24,564
	$34,355
	$32,809
	$65,619
	$392,511

	11
	OEO WX Costs1
	$21,469
	$26,820
	$65,612
	$29,529
	$12,743
	$13,754
	$23,692
	$20,036
	$44,776
	$258,431

	12
	OEO H&S&R Costs1
	$10,653
	$11,486
	$25,258
	$14,446
	$17,146
	$10,811
	$10,664
	$12,773
	$20,843
	$134,080

	13
	$ Other Including Travel
	$21,113
	$24,006
	$676
	$8,206
	$21,278
	$29,751
	$17,322
	$27,725
	$30,896
	$180,974

	14
	$ WX Other Including Travel
	$14,111
	$16,808
	$488
	$5,510
	$9,072
	$16,658
	$11,946
	$16,932
	$21,082
	$118,271

	15
	$ H&S&R Other Including Travel
	$7,002
	$7,198
	$188
	$2,696
	$12,206
	$13,093
	$5,377
	$10,794
	$9,814
	$62,703

	16
	$ WX Measures and Fixed and Indirect Costs other and travel
	$461,828
	$582,214
	$1,112,220
	$550,376
	$271,917
	$327,620
	$471,532
	$404,264
	$974,440
	$5,162,076

	1
OEO costs include OEO administration (approximately 3.5%), training and technical assistance, vehicle purchases, data collection and evaluation costs.


	Table 10.
Measures and Fixed and Indirect Costs by Field Office and Funding Source (continued) 

	Row
	
	Bennington
	Rutland
	Barre
	Burlington
	Middlebury
	St. Albans
	St. Johnsbury
	Newport
	Bellows Falls
	Totals 
& Averages

	17
	$H&S&R Measures and Fixed and Indirect Costs  other and  travel
	$229,157
	$249,341
	$428,163
	$269,264
	$365,869
	$257,517
	$212,235
	$257,717
	$453,597
	$2,722,860

	18
	WX Average Job Cost
	$2,470
	$2,611
	$2,102
	$2,150
	$1,563
	$2,291
	$2,358
	$2,117
	$2,551
	$2,259

	19
	H&S&R  Average Job Cost
	$1,225
	$1,118
	$809
	$1,052
	$2,103
	$1,801
	$1,061
	$1,349
	$1,187
	$1,192

	20
	Total Costs
	$690,986
	$831,555
	$1,540,384
	$819,639
	$637,786
	$585,137
	$683,766
	$661,981
	$1,428,037
	$7,884,936

	
	$WX Benefits
	$1,035,606
	$1,234,974
	$2,929,602
	$1,417,728
	$963,612
	$791,934
	$1,107,600
	$1,057,758
	$2,115,516
	$12,654,3301

	21
	$WX benefits  divided  by  $WX costs
	$2.24
	$2.12
	$2.63
	$2.58
	$3.54
	$2.42
	$2.35
	$2.62
	$2.17
	$2.45

	22
	$WX benefits  divided  by  $WX and $H&S&R costs
	1.50
	1.49
	1.90
	1.73
	1.51
	1.35
	1.62
	1.60
	1.48
	1.60


Table 11 summarizes the estimated costs for the study period April 1, 1996 to March 31, 1998.  For the 2285 units that were weatherized during the 1996-98 program years, the total cost of the program was $7.88 million.  For the 1105 units weatherized in 1996-97 the cost was $3,813,057 and for the 1181 units weatherized in 1997-98 the cost was $4,075,312

Table 11
Total Program Costs

	Description
	Units Weatherized Program from April 1, 1996 to March 31, 1998

	Weatherization measure installation cost1 (row 3 of Table 10)
	$2,600,445

	Health and safety measure installation cost (row 5 of Table 10)
	$1,384.339

	Field office and OEO WX  fixed and indirect costs (sum of rows 8 and row 11 of Table 10)
	$2,561,631

	Field office and OEO H&S&R  fixed and indirect costs2 ( sum of rows 9 and 12 of Table 10 )
	$1,338,521

	Total costs 
	$7,884,936 


1
Cost to install energy efficiency measures.  Excludes non-energy measures.

2
H&S&R is the abreviation for health and safety measures or rehabilitation of the unit.

Chapter 5
The Non-Energy Benefits Associated with the Vermont Weatherization Program

Introduction

While the nature and methods for estimating energy impacts of weatherization programs are well developed and widely understood, the identification and estimation of non-energy benefits is an emerging area of professional interest.  Energy efficiency programs, such as the Vermont Weatherization Assistance Program, have an array of benefits beyond the direct energy savings benefit.  These benefits are rarely considered in estimating the benefit / cost ratio for weatherization programs.  As part of this study, Vermont’s OEO asked that the non-energy benefits of the Vermont Weatherizaton Program be estimated.

This chapter identifies and provides estimates for a wide range of non-energy benefits that can accrue from weatherization activities.  These benefits have been organized into five categories:

· economic

· environmental,

· health and safety

· utility service 

· “other” benefits

Economic benefits of Vermont’s weatherization program include increased property values, federal taxes generated from direct employment, income generated from direct employment, job creation, avoided unemployment costs, enhanced national security, reduced reliance on public assistance, reduced occupancy mobility, and reductions in lost rental value and damage from lack of occupancy.

Environmental benefits include reduced air emissions for sulfur oxides (SOX), nitrogen oxides (NOX), particulate matter (PM), volatile organic compounds (VOCs), carbon monoxide (CO), carbon dioxide (CO2), methane (NH4), nitrous oxide (N2O) and heavy metals that are produced from power plants and home heating equipment.  There are reduced water and land use impacts as well.

Health and Safety benefits include reduced incidents of fire and carbon monoxide poisoning, fewer emergency calls, fewer illnesses, and increased comfort.

Utility service benefits include reduced arrearages and associated carrying costs, reduced accounts and debt write-offs, fewer service terminations, fewer non-emergency service calls, reduced collection costs, avoided rate subsidies, fuel provider insurance savings, elimination of losses in transmission and distribution systems and fuel delivery savings.

Several “other” miscellaneous benefits include reduced transaction costs for participants, DSM spillover, increased education, and customer loyalty.

Methodology

The basic approach to calculating the non-energy benefits is to multiply benefit factors (benefit per Btu or benefit per dwelling unit) by the number of units or estimated energy savings per unit in Vermont.  The benefit factors were identified through an extensive literature review of 91 publications dealing with weatherization, low-income, and other energy and environmental programs.  An annotated bibliography of these materials is contained in Appendix F.

Each publication was analyzed to identify specific non-energy benefits, a definition of the benefit, the data required to measure the benefit, a method or methods for estimating the benefits, and values of the benefit that have been estimated.  Each benefit was then matched to the Vermont OEO program and an estimate of the benefit was developed for Vermont.  Where appropriate the net present value of the benefit was calculated.  The detailed discussion of how the actual values were estimated can be found in Appendix C.

Non-energy benefits

Table 12 provides a detailed summary of the benefits by fuel type.  The benefits are presented in dollars per unit.  The major categories of benefits are identified in bold in Column 1.  The specific benefits making up the category are indented under the major category heading.  At the end of each category is the summary total for the category.

Column 8 of this table is the average benefit weighted by fuel use in the population.  Column 2 is the benefit in dollars associated with electric end-uses in dwelling units.  Columns 3 through 8 are the benefits for homes by fuel type.  Where the benefits are not associated with the consumption of fuel the total in Column 8 is the total for the number of units.

Table 12
Estimates of non-energy benefits for the Vermont Weatherization Program
	Benefit
	Electricity savings (non-space heat)
	Electric heated home (space heat)
	Natural gas heated homes
	Fuel oil
	Kerosene
	LPG
	Average weatherized home (weighted by fuel type)

	Economic 
	
	
	
	
	
	
	

	Increased property value
	$248
	$3,519
	$1,408
	$6,251
	$5,568
	$3,685
	$5413

	Federal taxes generated
	Included in heating fuel benefit
	$123
	$123
	$123
	$123
	$123
	$123

	Community economic benefits
	Included in heating fuel benefit
	$1,967
	$1,967
	$1,967
	$1,967
	$1,967
	$1,967

	Job creation
	Included in heating fuel benefit
	0.151 job-years
	0.151 job-years
	0.151 job-years
	0.151 job-years
	0.151 job-years
	0.151 job-years

	Avoided cost of unemployment
	Included in heating fuel benefit
	$183
	$183
	$183
	$183
	$183
	$183

	National security
	NA
	NA
	NA
	$308
	$69
	NA
	$202

	Reduced occupancy mobility rates
	Included in heating fuel benefit
	$50
	$50
	$50
	$50
	$50
	$50

	Lost rental value / damage from non-occupancy
	Included in heating fuel benefit
	$1
	$1
	$1
	$1
	$1
	$1

	Economic Sub-total
	$248 
	$5,843 
	$3,732 
	$8,575 
	$8,009 
	$6,009 
	$7,737 

	Environmental
	
	
	
	
	
	
	

	Air emissions
	$97
	$83
	$29
	$1,526
	$518
	$80
	$875

	Water / aquatic issues
	$23
	$452
	$143
	$143
	$143
	$143
	$184

	Land Use
	Not quantified
	Not quantified
	Not quantified
	Not quantified
	Not quantified
	Not quantified
	Not quantified

	Environmental Sub-total


	$120 
	$535 
	$172 
	$1,669 
	$661 
	$223 
	$1,059 

	Health and Safety
	
	
	
	
	
	
	

	Fewer fire deaths, injuries, and property loss
	NA
	NA
	$426
	$426
	$426
	$426
	$409

	Fewer emergency calls
	Included in heating fuel benefit
	$323
	$323
	$323
	$323
	$323
	$323

	Fewer illnesses / nursing home avoidance
	Included in heating fuel benefit
	$1,073
	$1,073
	$1,073
	$1,073
	$1,073
	$1,073

	Comfort
	Not quantified
	Not quantified
	Not quantified
	Not quantified
	Not quantified
	Not quantified
	Not quantified

	Health and Safety Sub-total
	
	$1,396 
	$1,822 
	$1,822 
	$1,822 
	$1,822 
	$1,805 

	Utility Service
	
	
	
	
	
	
	

	Arrearages
	Included in heating fuel benefit
	$458
	$458
	$458
	$458
	$458
	$458

	Carrying cost of arrearages
	Included in heating fuel benefit
	$57
	$57
	$57
	$57
	$57
	$57

	Bad debt write-off / Account write-offs
	Included in heating fuel benefit
	$64
	$64
	$64
	$64
	$64
	$64

	Service terminations
	Included in heating fuel benefit
	$100
	$100
	$100
	$100
	$100
	$100

	Non-emergency service calls
	No data
	No data
	No data
	No data
	No data
	No data
	No data

	Collection costs / late payment notices
	Included in heating fuel benefit
	$75
	$75
	$75
	$75
	$75
	$75

	Avoided rate subsidies
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Insurance savings to fuel providers
	No data
	No data
	No data
	No data
	No data
	No data
	No data

	Fuel delivery savings
	Included in heating fuel benefit
	counted
	counted
	counted
	counted
	counted
	counted

	Utility Service Sub-total
	
	$754
	$754
	$754
	$754
	$754
	$754

	Other Benefits
	
	
	
	
	
	
	

	Reduced transaction costs
	Included in heating fuel benefit
	$36
	$36
	$36
	$36
	$36
	36

	
	
	
	
	
	
	
	

	Total non-energy benefits – NPV
	$368 
	$8,564 
	$6,516 
	$12,856 
	$11,165 
	$8,844 
	$11,391 


The phrase, "Included in heating fuel benefit," signifies that the benefit is accounted for in the heating fuel use rather than the nonspace heating electric usage.  This avoids double counting the benefit.

The average net present value of all non-energy benefits is $11,391.  The total benefits over the life of the program are equal to $26,028,435.

The NPV of the non-energy benefits for electrically heated units is $8,564 per unit, $6,516 for natural gas heated homes, $12,856 dwellings heated with fuel oil, $11,165 for those heated with kerosene, and $8,844 for those heated with liquid propane.  The electric end-use savings are associated with an additional non-energy benefit of $368 for non-electrically heated dwellings.

Economic benefits account for 68 percent of the total for the average Vermont dwelling unit.  This is followed by environmental benefits, which comprise 9 percent of the total, health and safety benefits at 16 percent, and utility service related benefits at 7 percent of the total.

Chapter 6.
Program Cost Effectiveness

To determine the benefit-to-cost ratio for the program we compared the program delivery costs to the value of energy savings.

Table 13 displays the information used to calculate the benefits of the program.  The benefits were calculated based on an assumed measure life of 20 years.  The annual savings in each of the 20 years were adjusted for the projected change in fuel prices and the change in the value of the dollar and then summed for 20 years.  The projected changes in fuel prices are shown in Appendix A and are the same as those used in previous evaluations.  The fuel cost escalation rate used for kerosene is the same for oil.  A discount rate of 3.7 percent was used to estimate the net present value of future savings.  The time series for the discount rate is also shown in Appendix A.

The net present value of the savings by fuel type is shown in column 7.  Units using oil had the highest average net present value of savings followed by kerosene, and liquid propane.  Each of these net present values (column 7) was multiplied by the population weight (column 6) and the products summed to obtain the weighted average for the population in the next to last row of the table.  Because we estimate that all households had some savings for electric non-space heating uses, the net present value of the electricity savings for non-space heating uses was added to the weighted sum of the fuel types for the proportion of households that did not have electric space heating.  For electric space heating customers the savings for electric end-uses are included in the electric space heating savings.   The total net present value of the savings from the Weatherization Assistance Program weighted by the number of units by fuel type is $5,228 and the fuel use weighted average is $5,538.

The total energy savings benefits for the period between April 1, 1996 and March 31, 1998 are shown for each field office and for the program as a whole in the next to last row of the continuation of Table 10.  These values are the product of the number of units and the net present value of the savings.  The total energy savings benefits for the program are estimated to be $12,654,330.  When these benefits are divided by the cost to install the energy efficiency measures (Table 10 continuation, row 16), the resulting benefit to cost ratio is 2.45.  This means that for each program dollar spent in the 1996-98 program years, $2.45 in 1997 net present value dollars are returned to the participant in the form of reduced energy costs. The next to last row in the continuation of Table 10 displays the benefits-to-cost ratio for the installation of energy efficiency measures for each of the field offices.  These ratios range from a low of 2.17 to a high of 3.54.

Table 13.
Fuel Savings, Cost Savings, and Net Present Value of Savings

	


Fuel type
	
Fuel Savings Per Year
	


Unit
	Average  cost of  fuel
	Average Annual Dollar Savings in 1996-1998 Dollars
	
Weight in the Population
	

NPV Savings

	Liquid Propane
	183
	gallons
	$1.20
	$178
	.133
	$3,560

	NaturalGas
	129
	therms
	$0.58
	$68
	.077
	$1,360

	Kerosene
	265
	gallons
	$1,14
	$269
	.262
	$5,382

	Oil
	354
	galllons
	$0.96
	$302
	.463
	$6,054

	Electric space heating
	1726
	kWh
	$0.14
	$170
	.064
	$3,410

	Electric end -use
	131
	kWh
	$0.14
	$12
	.94
	$243

	Weighted by units in the population
	
	
	
	$261
	
	$5,228

	Weighted for Fuel Use in the Population
	
	
	
	$276
	
	$5,538


In the last chapter we reported that the net present value of non-energy benefits totaled $26,028,435.  If we consider the non-energy benefits and ignore the energy savings benefits, the benefit cost ratio for the non-energy benefits is 3.3.  In other words, the program produces $3.30 of non-energy benefits for every dollar spent.

The combined total of all energy savings and non-energy benefits is $38,682,765.  When divided by the cost of the program, the program produces $4.91 dollars of benefits for every dollar spent.
Chapter 7.
Summary and Conclusions

For the 1996-1998 program years, the Weatherization Assistance Program served 2,285 units providing an estimated savings to Vermont citizens of $630,660 for that two-year period or a total of $12,654,330 over the 20 year life of the measures.  The savings for the 1996-97 program year are estimated to be $304,980 and the savings for the 1997-98 are $325,680.

On average the consumption of space heating fuel for units heated with oil, natural gas, kerosene, or propane was reduced by 36 million BTUs or 23 percent for a program-wide savings of 82.6 billion BTUs for the program year or 1,652 billion BTUs over the 20-year life of the installed measures.  This is equivalent to 597,712 gallons of oil for the two-year period or enough oil to heat 474 low-income homes at the pre-retrofit consumption rate for a year.  This amount would have heated 232 homes in 1996-97 and 245 homes in 1997-98.

The average cost of the energy efficiency measures was $2,259 per unit.  The cost of all measures and all activities was $3,451 per unit.  These measures provided an average net present value of energy savings of $5,538 over the life of the installed measures. The benefit-to-cost ratio for the energy efficiency measures is 2.45 and the ratio for all measures is 1.60.  This means that for each program dollar spent in the 1996-98 program year, $2.45 in 1997 net present value dollars was returned to the participant in the form of reduced energy costs.

Overall, the average per unit net present value of the non-energy benefits was $11,391.  The total non-energy benefits over the life of the program are equal to $26,028,435.  Ignoring the energy savings benefits, the benefit / cost ratio for the non-energy benefits is 3.3.

When the energy and the non-energy benefits are combined the program produces $4.91 dollars of benefits for every dollar spent.  The net present value of the combined energy and non-energy benefits is $38,682,765 over the estimated 20-year life of the program.

On the basis of this, we conclude that the Vermont Weatherization Program is cost effectively providing weatherization services to the residents of Vermont.
Appendix A.
Energy Escalation Rates and
Annual Discount Rate

	
	Energy Price Escalators
	
	

	


Year
	

Oil
	

Natural Gas
	

Propane
	

Electric
	
	Annual Discount Rate

	0
	0.0000
	0.0000
	0.0000
	0.0000
	
	1.0000

	1
	0.0270
	0.0190
	0.0139
	0.0274
	
	0.9630

	2
	0.0270
	0.0190
	0.0141
	0.0028
	
	0.9274

	3
	0.0270
	0.0190
	0.0143
	-0.0220
	
	0.8931

	4
	0.0180
	0.0230
	0.0048
	-0.0206
	
	0.8600

	5
	0.0180
	0.0230
	0.0048
	-0.0134
	
	0.8282

	6
	0.0180
	0.0230
	0.0049
	-0.0155
	
	0.7975

	7
	0.0180
	0.0230
	0.0049
	-0.0246
	
	0.7680

	8
	0.0180
	0.0230
	0.0049
	-0.0263
	
	0.7396

	9
	0.0110
	0.0190
	0.0049
	-0.0104
	
	0.7123

	10
	0.0110
	0.0190
	0.0049
	-0.0210
	
	0.6859

	11
	0.0110
	0.0190
	0.0050
	-0.0225
	
	0.6605

	12
	0.0110
	0.0190
	0.0050
	-0.0044
	
	0.6361

	13
	0.0110
	0.0190
	0.0050
	0.0033
	
	0.6126

	14
	0.0110
	0.0190
	0.0050
	0.0033
	
	0.5899

	15
	0.0110
	0.0190
	0.0050
	0.0033
	
	0.5681

	16
	0.0110
	0.0190
	0.0051
	0.0033
	
	0.5470

	17
	0.0110
	0.0190
	0.0051
	0.0033
	
	0.5268

	18
	0.0110
	0.0190
	0.0051
	0.0032
	
	0.5073

	19
	0.0110
	0.0190
	0.0051
	0.0032
	
	0.4885

	20
	0.0110
	0.0190
	0.0051
	0.0032
	
	0.4705


Appendix B.
Detailed Results for Buildings Included in the Savings Analysis

	

Fuel
	
	

Consumption
	
	

Consumption
	
	

Savings
	
	Net Present  Value
	
	

Costs
	
	

Infiltration


	
	

CVNAC

	
	

R2

	Fuel
	Single / multi family
	Pre
(Units)
	Post
(Units)
	Savings
(Units)
	
	Pre
(mmBTU)
	Post
(mmBTU)
	Savings (mmBTU)
	
	
Percent
	
	
NPV
	
	Adminis-trative
	Mea-sures
	Total
Cost
	
	Pre
CFM50
	Post
CFM50
	Differ-ence
	Percent
	
	Pre
	Post
	
	Pre
	Post

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Participants who passed PRISM criteria
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Lpgas
	Single
	887
	755
	132
	
	81.2
	69.2
	12.1
	
	15
	
	2568
	
	$1,226
	$1,077
	$2,303
	
	1852
	1214
	638
	34
	
	4.5
	5.2
	
	0.975
	0.98

	Lpgas
	Multi
	2908
	2397
	511
	
	266.4
	219.6
	46.8
	
	18
	
	9941
	
	$761
	$388
	$1,150
	
	1575
	1100
	475
	30
	
	4.4
	4.5
	
	0.761
	0.928

	Lpgas
	Multi
	987
	1082
	-95
	
	90.4
	99.1
	-8.7
	
	-10
	
	-1848
	
	$761
	$952
	$1,713
	
	950
	950
	0
	0
	
	2.3
	4.1
	
	0.925
	0.817

	NGas
	Multi
	894
	680
	214
	
	89.4
	68.0
	21.4
	
	24
	
	2256
	
	$985
	$2,650
	$3,635
	
	3930
	3570
	360
	9
	
	2.9
	2.4
	
	0.929
	0.979

	NGas
	Multi
	1060
	818
	242
	
	106.0
	81.8
	24.2
	
	23
	
	2552
	
	$985
	$2,650
	$3,635
	
	3930
	3570
	360
	9
	
	3.7
	4.4
	
	0.887
	0.922

	NGas
	Single
	1419
	1194
	225
	
	141.9
	119.4
	22.5
	
	16
	
	2372
	
	$985
	$5,391
	$6,376
	
	9855
	6850
	3005
	30
	
	2.8
	1.9
	
	0.95
	0.969

	NGas
	Multi
	832
	569
	263
	
	83.2
	56.9
	26.3
	
	32
	
	2773
	
	$985
	$3,951
	$4,936
	
	4057
	1875
	2182
	54
	
	5
	5.1
	
	0.819
	0.955

	NGas
	Multi
	840
	514
	326
	
	84.0
	51.4
	32.6
	
	39
	
	3437
	
	$985
	$3,951
	$4,936
	
	4057
	1875
	2182
	54
	
	6.8
	5.9
	
	0.811
	0.94

	NGas
	Multi
	537
	425
	112
	
	53.7
	42.5
	11.2
	
	21
	
	1181
	
	$985
	$2,767
	$3,752
	
	3628
	2400
	1228
	34
	
	3.4
	4.3
	
	0.896
	0.865

	NGas
	Multi
	802
	683
	119
	
	80.2
	68.3
	11.9
	
	15
	
	1255
	
	$985
	$2,767
	$3,752
	
	3628
	2400
	1228
	34
	
	2.3
	4.9
	
	0.935
	0.924

	NGas
	Multi
	989
	646
	343
	
	98.9
	64.6
	34.3
	
	35
	
	3617
	
	$985
	$4,595
	$5,579
	
	5000
	4162
	838
	17
	
	5
	3.4
	
	0.89
	0.947

	NGas
	Multi
	970
	743
	227
	
	97.0
	74.3
	22.7
	
	23
	
	2393
	
	$985
	$4,595
	$5,579
	
	5000
	4162
	838
	17
	
	4.2
	4.8
	
	0.912
	0.869

	NGas
	Multi
	478
	552
	-74
	
	47.8
	55.2
	-7.4
	
	-15
	
	-780
	
	$985
	$2,041
	$3,025
	
	2746
	2504
	242
	9
	
	6.3
	2.2
	
	0.711
	0.956

	NGas
	Multi
	578
	602
	-24
	
	57.8
	60.2
	-2.4
	
	-4
	
	-253
	
	$985
	$2,041
	$3,025
	
	2746
	2504
	242
	9
	
	4.8
	2.6
	
	0.862
	0.948

	NGas
	Single
	665
	636
	29
	
	66.5
	63.6
	2.9
	
	4
	
	306
	
	$985
	$9,931
	$10,915
	
	5126
	4000
	1126
	22
	
	3.2
	3.7
	
	0.907
	0.96

	NGas
	Multi
	743
	742
	1
	
	74.3
	74.2
	0.1
	
	0
	
	11
	
	$985
	$2,970
	$3,955
	
	4600
	3500
	1100
	24
	
	3.4
	6.5
	
	0.837
	0.786

	NGas
	Multi
	1042
	861
	181
	
	104.2
	86.1
	18.1
	
	17
	
	1908
	
	$985
	$2,970
	$3,955
	
	4600
	3500
	1100
	24
	
	2.2
	4
	
	0.957
	0.911

	NGas
	Multi
	739
	486
	253
	
	73.9
	48.6
	25.3
	
	34
	
	2668
	
	$985
	$3,206
	$4,191
	
	3000
	2000
	1000
	33
	
	2.7
	4.6
	
	0.957
	0.937

	NGas
	Multi
	499
	501
	-2
	
	49.9
	50.1
	-0.2
	
	0
	
	-21
	
	$985
	$3,206
	$4,191
	
	3000
	2000
	1000
	33
	
	5
	2.4
	
	0.894
	0.977

	NGas
	Multi
	500
	446
	54
	
	50.0
	44.6
	5.4
	
	11
	
	569
	
	$985
	$3,280
	$4,265
	
	2074
	1658
	416
	20
	
	3.5
	3.9
	
	0.965
	0.951

	NGas
	Multi
	261
	239
	22
	
	26.1
	23.9
	2.2
	
	8
	
	232
	
	$985
	$3,280
	$4,265
	
	2074
	1658
	416
	20
	
	4.5
	5.5
	
	0.936
	0.893

	NGas
	Multi
	272
	205
	67
	
	27.2
	20.5
	6.7
	
	25
	
	706
	
	$985
	$3,280
	$4,265
	
	2074
	1658
	416
	20
	
	5
	4.7
	
	0.864
	0.874

	NGas
	Single
	771
	1016
	-245
	
	77.1
	101.6
	-24.5
	
	-32
	
	-2583
	
	$985
	$6,244
	$7,229
	
	3500
	3100
	400
	11
	
	2.4
	4.9
	
	0.942
	0.942

	NGas
	Single
	895
	861
	34
	
	89.5
	86.1
	3.4
	
	4
	
	358
	
	$985
	$1,501
	$2,486
	
	4474
	2910
	1564
	35
	
	3.4
	3.7
	
	0.947
	0.945

	NGas
	Multi
	908
	833
	75
	
	90.8
	83.3
	7.5
	
	8
	
	791
	
	$985
	$1,658
	$2,643
	
	3394
	2602
	792
	23
	
	2.7
	2.6
	
	0.958
	0.966

	NGas
	Multi
	1102
	1015
	87
	
	110.2
	101.5
	8.7
	
	8
	
	917
	
	$985
	$2,839
	$3,824
	
	3394
	2602
	792
	23
	
	5.4
	3.6
	
	0.88
	0.917

	NGas
	Multi
	801
	835
	-34
	
	80.1
	83.5
	-3.4
	
	-4
	
	-358
	
	$985
	$1,181
	$2,166
	
	4041
	3520
	521
	13
	
	3.3
	3.6
	
	0.917
	0.949

	NGas
	Multi
	405
	346
	59
	
	40.5
	34.6
	5.9
	
	15
	
	622
	
	$985
	$1,181
	$2,166
	
	4041
	3520
	521
	13
	
	7
	5.2
	
	0.797
	0.861

	NGas
	Multi
	795
	609
	186
	
	79.5
	60.9
	18.6
	
	23
	
	1961
	
	$985
	$1,181
	$2,166
	
	4041
	3520
	521
	13
	
	4.3
	4.1
	
	0.905
	0.946

	NGas
	Multi
	350
	293
	57
	
	35.0
	29.3
	5.7
	
	16
	
	601
	
	$985
	$1,181
	$2,166
	
	4041
	3520
	521
	13
	
	4.4
	4.3
	
	0.89
	0.877

	NGas
	Multi
	819
	745
	74
	
	81.9
	74.5
	7.4
	
	9
	
	780
	
	$985
	$1,654
	$2,639
	
	3415
	2070
	1345
	39
	
	4.8
	4.2
	
	0.912
	0.947

	NGas
	Multi
	759
	634
	125
	
	75.9
	63.4
	12.5
	
	16
	
	1318
	
	$985
	$1,654
	$2,639
	
	3415
	2070
	1345
	39
	
	3.1
	4
	
	0.958
	0.952

	NGas
	Multi
	797
	664
	133
	
	79.7
	66.4
	13.3
	
	17
	
	1402
	
	$985
	$2,109
	$3,094
	
	4000
	2375
	1625
	41
	
	3.2
	4.6
	
	0.939
	0.906

	NGas
	Multi
	891
	492
	399
	
	89.1
	49.2
	39.9
	
	45
	
	4207
	
	$985
	$2,109
	$3,094
	
	4000
	2375
	1625
	41
	
	7
	3.3
	
	0.81
	0.938

	NGas
	Multi
	603
	412
	191
	
	60.3
	41.2
	19.1
	
	32
	
	2014
	
	$985
	$2,097
	$3,082
	
	4735
	3750
	985
	21
	
	3.4
	4.6
	
	0.922
	0.914

	NGas
	Multi
	848
	768
	80
	
	84.8
	76.8
	8.0
	
	9
	
	844
	
	$985
	$2,097
	$3,082
	
	4735
	3750
	985
	21
	
	4.4
	3.9
	
	0.924
	0.942

	NGas
	Multi
	711
	559
	152
	
	71.1
	55.9
	15.2
	
	21
	
	1603
	
	$985
	$1,987
	$2,972
	
	5000
	4267
	733
	15
	
	2.6
	2.8
	
	0.962
	0.963

	NGas
	Multi
	777
	451
	326
	
	77.7
	45.1
	32.6
	
	42
	
	3437
	
	$985
	$1,987
	$2,972
	
	5000
	4267
	733
	15
	
	5.6
	4.7
	
	0.82
	0.921

	NGas
	Multi
	791
	743
	48
	
	79.1
	74.3
	4.8
	
	6
	
	506
	
	$985
	$1,987
	$2,972
	
	5000
	4267
	733
	15
	
	2.9
	3.1
	
	0.956
	0.946

	NGas
	Multi
	828
	655
	173
	
	82.8
	65.5
	17.3
	
	21
	
	1824
	
	$985
	$1,987
	$2,972
	
	5000
	4267
	733
	15
	
	2.7
	4.6
	
	0.96
	0.937

	NGas
	Multi
	700
	590
	110
	
	70.0
	59.0
	11.0
	
	16
	
	1160
	
	$985
	$1,258
	$2,242
	
	4200
	2990
	1210
	29
	
	3.7
	2.4
	
	0.928
	0.972

	NGas
	Multi
	365
	340
	25
	
	36.5
	34.0
	2.5
	
	7
	
	264
	
	$985
	$1,258
	$2,242
	
	4200
	2990
	1210
	29
	
	6.6
	3.7
	
	0.836
	0.918

	NGas
	Multi
	663
	522
	141
	
	66.3
	52.2
	14.1
	
	21
	
	1487
	
	$985
	$1,258
	$2,242
	
	4200
	2990
	1210
	29
	
	3
	4.4
	
	0.945
	0.915

	NGas
	Multi
	810
	625
	185
	
	81.0
	62.5
	18.5
	
	23
	
	1951
	
	$985
	$1,387
	$2,371
	
	5100
	3736
	1364
	27
	
	3.8
	4.9
	
	0.919
	0.93

	NGas
	Multi
	753
	717
	36
	
	75.3
	71.7
	3.6
	
	5
	
	380
	
	$985
	$1,387
	$2,371
	
	5100
	3736
	1364
	27
	
	3
	4.3
	
	0.942
	0.918

	NGas
	Multi
	383
	246
	137
	
	38.3
	24.6
	13.7
	
	36
	
	1445
	
	$985
	$1,387
	$2,371
	
	5100
	3736
	1364
	27
	
	4.5
	6
	
	0.889
	0.842

	NGas
	Multi
	574
	528
	46
	
	57.4
	52.8
	4.6
	
	8
	
	485
	
	$985
	$1,682
	$2,667
	
	6000
	3961
	2039
	34
	
	4
	4.2
	
	0.931
	0.917

	NGas
	Multi
	462
	516
	-54
	
	46.2
	51.6
	-5.4
	
	-12
	
	-569
	
	$985
	$1,682
	$2,667
	
	6000
	3961
	2039
	34
	
	4.8
	2.4
	
	0.877
	0.975

	NGas
	Multi
	417
	459
	-42
	
	41.7
	45.9
	-4.2
	
	-10
	
	-443
	
	$985
	$1,682
	$2,667
	
	6000
	3961
	2039
	34
	
	4.8
	5.1
	
	0.895
	0.88

	NGas
	Multi
	884
	494
	390
	
	88.4
	49.4
	39.0
	
	44
	
	4112
	
	$985
	$1,682
	$2,667
	
	6000
	3961
	2039
	34
	
	5.6
	6.1
	
	0.905
	0.934

	NGas
	Multi
	315
	273
	42
	
	31.5
	27.3
	4.2
	
	13
	
	443
	
	$985
	$1,717
	$2,702
	
	6000
	4527
	1473
	25
	
	4.8
	3.2
	
	0.938
	0.967

	NGas
	Multi
	276
	294
	-18
	
	27.6
	29.4
	-1.8
	
	-7
	
	-190
	
	$985
	$1,717
	$2,702
	
	6000
	4527
	1473
	25
	
	3.5
	6.1
	
	0.924
	0.831

	NGas
	Multi
	578
	342
	236
	
	57.8
	34.2
	23.6
	
	41
	
	2488
	
	$985
	$1,717
	$2,702
	
	6000
	4527
	1473
	25
	
	3.6
	5.7
	
	0.955
	0.803

	NGas
	Multi
	231
	166
	65
	
	23.1
	16.6
	6.5
	
	28
	
	685
	
	$985
	$1,717
	$2,702
	
	6000
	4527
	1473
	25
	
	6.1
	2.3
	
	0.968
	0.986

	NGas
	Multi
	723
	516
	207
	
	72.3
	51.6
	20.7
	
	29
	
	2183
	
	$985
	$1,840
	$2,825
	
	5100
	3936
	1164
	23
	
	4.2
	4.3
	
	0.911
	0.926

	NGas
	Multi
	636
	524
	112
	
	63.6
	52.4
	11.2
	
	18
	
	1181
	
	$985
	$1,840
	$2,825
	
	5100
	3936
	1164
	23
	
	2.3
	5.7
	
	0.973
	0.835

	NGas
	Multi
	691
	604
	87
	
	69.1
	60.4
	8.7
	
	13
	
	917
	
	$985
	$1,840
	$2,825
	
	5100
	3936
	1164
	23
	
	1.7
	3.3
	
	0.98
	0.954

	NGas
	Multi
	724
	564
	160
	
	72.4
	56.4
	16.0
	
	22
	
	1687
	
	$985
	$1,889
	$2,874
	
	4735
	3239
	1496
	32
	
	4.9
	6.5
	
	0.898
	0.705

	NGas
	Multi
	563
	494
	69
	
	56.3
	49.4
	6.9
	
	12
	
	728
	
	$985
	$1,889
	$2,874
	
	4735
	3239
	1496
	32
	
	4.5
	5
	
	0.906
	0.878

	NGas
	Multi
	748
	758
	-10
	
	74.8
	75.8
	-1.0
	
	-1
	
	-105
	
	$985
	$1,889
	$2,874
	
	4735
	3239
	1496
	32
	
	3.2
	5.3
	
	0.909
	0.766

	NGas
	Multi
	697
	635
	62
	
	69.7
	63.5
	6.2
	
	9
	
	654
	
	$985
	$1,889
	$2,874
	
	4735
	3239
	1496
	32
	
	6.6
	2.9
	
	0.938
	0.967

	NGas
	Single
	856
	958
	-102
	
	85.6
	95.8
	-10.2
	
	-12
	
	-1075
	
	$985
	$4,844
	$5,829
	
	3000
	1450
	1550
	52
	
	3.7
	4.9
	
	0.893
	0.91

	NGas
	Single
	992
	998
	-6
	
	99.2
	99.8
	-0.6
	
	-1
	
	-63
	
	$985
	$5,391
	$6,376
	
	9855
	6850
	3005
	30
	
	2.5
	2.8
	
	0.959
	0.936

	NGas
	Single
	1321
	812
	509
	
	132.1
	81.2
	50.9
	
	39
	
	5367
	
	$985
	$6,892
	$7,877
	
	4500
	2150
	2350
	52
	
	4.2
	6.8
	
	0.907
	0.864

	NGas
	Multi
	2070
	933
	1137
	
	207.0
	93.3
	113.7
	
	55
	
	11989
	
	$985
	$12,440
	$13,425
	
	3024
	1800
	1224
	40
	
	3.8
	4
	
	0.951
	0.931

	NGas
	Multi
	733
	583
	150
	
	73.3
	58.3
	15.0
	
	20
	
	1582
	
	$985
	$12,440
	$13,425
	
	3024
	1800
	1224
	40
	
	4.7
	3
	
	0.887
	0.936

	Elec
	Single
	13220
	11494
	1725
	
	45.1
	39.2
	5.9
	
	13
	
	3407
	
	$761
	$774
	$1,535
	
	1900
	1400
	500
	26
	
	2.3
	4.1
	
	0.988
	0.962

	Oil
	Single
	1522
	1215
	307
	
	210.0
	167.7
	42.4
	
	20
	
	5251
	
	$761
	$3,266
	$4,027
	
	6957
	3000
	3957
	57
	
	5.5
	4.4
	
	0.94
	0.99

	Oil
	Single
	1429
	1008
	421
	
	197.2
	139.1
	58.1
	
	29
	
	7200
	
	$1,226
	$2,278
	$3,503
	
	3953
	1998
	1955
	49
	
	1.9
	6
	
	0.989
	0.833

	Oil
	Single
	638
	633
	5
	
	88.0
	87.4
	0.7
	
	1
	
	86
	
	$1,107
	$4,374
	$5,481
	
	3135
	2268
	867
	28
	
	5.1
	4.1
	
	0.983
	0.95

	Oil
	Single
	800
	741
	59
	
	110.4
	102.3
	8.1
	
	7
	
	1009
	
	$981
	$1,840
	$2,821
	
	3059
	1642
	1417
	46
	
	4.9
	5.8
	
	0.876
	0.9

	Oil
	Single
	1244
	766
	478
	
	171.7
	105.7
	66.0
	
	38
	
	8175
	
	$1,107
	$2,487
	$3,594
	
	5205
	2939
	2266
	44
	
	4
	2.4
	
	0.969
	0.99

	Oil
	Single
	1696
	1142
	554
	
	234.0
	157.6
	76.5
	
	33
	
	9475
	
	$761
	$1,250
	$2,011
	
	2500
	2100
	400
	16
	
	4
	7
	
	0.957
	0.77

	Oil
	Single
	1227
	752
	475
	
	169.3
	103.8
	65.6
	
	39
	
	8124
	
	$1,107
	$5,745
	$6,852
	
	3151
	2310
	841
	27
	
	6.9
	4.8
	
	0.849
	0.948

	Oil
	Single
	2589
	1349
	1240
	
	357.3
	186.2
	171.1
	
	48
	
	21207
	
	$1,107
	$5,950
	$7,057
	
	4010
	2790
	1220
	30
	
	6.4
	5.5
	
	0.753
	0.914

	Oil
	Single
	878
	818
	60
	
	121.2
	112.9
	8.3
	
	7
	
	1026
	
	$1,107
	$907
	$2,015
	
	1357
	1129
	228
	17
	
	2.2
	5.7
	
	0.98
	0.936

	Oil
	Single
	1243
	807
	436
	
	171.5
	111.4
	60.2
	
	35
	
	7457
	
	$1,107
	$2,459
	$3,566
	
	5510
	2725
	2785
	51
	
	3.8
	2.9
	
	0.972
	0.992

	Oil
	Single
	1562
	1200
	362
	
	215.6
	165.6
	50.0
	
	23
	
	6191
	
	$761
	$3,967
	$4,729
	
	6240
	4000
	2240
	36
	
	1.5
	5.5
	
	0.976
	0.926

	Oil
	Single
	913
	599
	314
	
	126.0
	82.7
	43.3
	
	34
	
	5370
	
	$761
	$1,618
	$2,379
	
	5000
	1700
	3300
	66
	
	2.4
	5.1
	
	0.975
	0.96

	Oil
	Single
	1100
	959
	141
	
	151.8
	132.3
	19.5
	
	13
	
	2411
	
	$1,107
	$1,536
	$2,644
	
	8693
	3500
	5193
	60
	
	5.6
	5.5
	
	0.939
	0.956

	Oil
	Single
	796
	700
	96
	
	109.8
	96.6
	13.2
	
	12
	
	1642
	
	$761
	$1,472
	$2,233
	
	2000
	1200
	800
	40
	
	2.8
	4.4
	
	0.994
	0.987

	Kero
	Single
	631
	580
	51
	
	86.2
	79.2
	7.0
	
	8
	
	1036
	
	$1,226
	$987
	$2,213
	
	2183
	1243
	940
	43
	
	5.4
	7
	
	0.972
	0.869

	Kero
	Single
	794
	492
	302
	
	108.5
	67.2
	41.3
	
	38
	
	6133
	
	$761
	$2,098
	$2,859
	
	4000
	2000
	2000
	50
	
	6.4
	7
	
	0.982
	0.981

	Kero
	Single
	993
	551
	442
	
	135.6
	75.3
	60.4
	
	45
	
	8977
	
	$1,107
	$582
	$1,689
	
	1542
	887
	655
	42
	
	4.4
	4.1
	
	0.937
	0.951

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Appendix C.
Estimates of the Non-Energy Benefits of Weatherizing Homes in Vermont

Economic Issues

The economic non-energy benefits of Vermont’s weatherization include increased property values, federal taxes generated from direct employment, income generated from direct employment, job creation, avoided unemployment costs, enhanced national security, reduced reliance on public assistance, reduced occupancy mobility, and reductions in lost rental value and damage from non-occupancy.

Increased property value

Weatherization increases home property valuations in proportion to the energy savings.  Vermont’s weatherization program is responsible for increasing the average value of the home by $5,413 (See Table 14).  This value was determined by multiplying the annual energy savings (See Table 13) in dollars for each fuel by $20.70.  The average for all homes is weighted by fuel use.

Table 14
Average fuel weighted Increase in property valuation due to energy savings

	Home heating fuel type
	Electricity savings (non-heating – all homes)
	Electric heated home
	Natural gas heated homes
	Fuel oil
	Kerosene
	LPG
	Average for all homes

	Property valuation increase
	$248
	$3519
	$1408
	$6251
	$5568
	$3,685
	$5,413


The value of $20.70 is based on a study by Nevin-1998 26 and 57 (See Table 15) which shows that homes increase in valuation by an average $20.70 for every $1 dollar of reduced annual utility bills.  The analysis was based on the American Housing Survey and Metropolitan Statistical Area data from 1992 to 1996.57  Forty-five regression analyses were completed in this study.  Eight of these regressions were done specifically on detached homes with a mixture of heating fuel types and were statistically significant above 95 percent and showed a $20.58 increase in home valuation for every dollar of reduction in annual utility bills.  Similarly, one regression model (statistically significant at the 95 percent level) of 1994 data on attached homes indicated a home value increase of $35.65 for every dollar of annual utility cost reduced.57  Also, seven regressions were performed on electrically heated homes at or above the 90 percent confidence interval and an average valuation of $25.71 resulted.  Eight regressions (90 percent+ confidence) on natural gas heated homes yielded a $25.90 increase.  Lastly, two regressions (95+ percent confidence) showed a home valuation increase of $26.18 for every dollar of reduced utility costs.57
Table 15
Home valuation in proportion to annual utility costs

	Home Type
	Regressions
	Data Years
	Heating Fuel Type
	Significance
	Home Value Increase / $1 reduction in annual utility bills

	Attached
	1
	1994
	Various
	95%+
	$35.65

	Detached
	2
	1992-1996
	Fuel oil
	95%+
	$26.18

	Detached
	8
	1992-1996
	Natural gas
	90%+
	$25.90

	Detached
	7
	1992-1996
	Electric
	90%+
	$25.71

	Detached
	8
	1992-1996
	Various
	95%+
	$20.58

	Overall*
	45
	1992-1996
	Various
	Various
	$20.70


*
Includes regressions below the 90 percent confidence interval.  It is believed that low confidence intervals occurred on fuel oil heated homes in 1991 and 1992 due to Gulf War triggered fuel oil price volatility.

After participation in Iowa weatherization, 62 percent of the participants said that their home had improved in value and only three percent said their home was in worse condition.122
According to the Oak Ridge National Laboratories (ORNL) study (Brown et al-1993), national weatherization increased the value of participating homes by $126 per home in 1989.4, 11, 26, 50, and 102  This value is the weighted national average spent on materials for structural repairs and does not include installation costs and is not based on fuel savings.

Skumatz-1997 estimates that home values increased from $0 to $150 dollars per home annually after weatherization due to increased property valuation, neighborhood enhancement and preservation.44
Weatherization programs may involve the replacement of windows and this may have a benefit in preserving the quality and appearance of personal property contained inside low-income homes.  Upgrading from single pane to double pane glass, reduces UV induced damage to exposed materials by 16 percent, while going from single to double with low-E reduces damage by 55 percent, and 74 percent when going from single pane to “superwindows.”34
Federal taxes generated from direct employment

The 1993 ORNL study estimated that $55.27 in new taxes were generated per weatherized home from weatherization’s direct employment impacts.  The average amount spent nationally to weatherize a home was $1,550.  The amount of federal taxes was determined by taking the average amount spent nationally to weatherize a home times 3.55 percent.  This multiplier was obtained by multiplying the average per capita federal income tax paid by households making less than $20,000 per year in 1988 ($1,000), times the estimated job years of increased direct employment and then dividing this product by the number of weatherized homes.4, 11, 129
Using this same multiplier and using an average of  $3,451 (includes measures, local and OEO fixed and indirect costs total costs in Table 10 divided by 2285) to weatherize a home in Vermont, we estimate the value of tax revenues generated to be $123 per unit.

Community economic benefits, income generated from indirect employment and personal discretionary income benefits

Weatherization creates three benefits for the local economy, the direct effect of employment, the indirect effect of employment from supportive industries, and the induced economic effect.  The latter occurs when wages and avoided energy bills are spent in the local economy.  For Vermont, the first two are allocated using the national weatherization study.  The indirect employment impacts of national weatherization in 1989 are estimated to be a multiplier of $0.33 in proportion to weatherization spending.  This does not include spending of paychecks among the indirectly employed or program induced energy savings from re-spending.11  Nationally, this results in $506 of additional income per unit weatherized.4, 11, 50 and 102  In Vermont, where an average of $3,451 spent per unit (total costs in Table 10 divided by 2285), there is a benefit of $1,138 per unit.

Few studies have quantified the “induced” effect of weatherization on local economies.  However, one study done by Pigg and Dalhoff-1994 37 did quantify a value that occurs when energy savings and wages are recirculated.  This is often called an “economic base multiplier” or the “induced” economic benefit.  The Pigg-Dalhoff study looked at the effects of weatherization spending on the Iowa economy and showed that there was $240,000 of “value added” to the Iowa economy for every $1 million spent on weatherization.  This equates to a multiplier of 0.24 for the induced economic effect.  If the multiplier in Vermont is similar, then the benefit is $828 per unit.

The combined multiplier is 0.57, yielding a total community and local economic benefit of $1,967 per home ($3,451*0.57).
Several other studies estimated economic benefits in terms of energy savings.  Energy savings is reported to have a 7.1 percent to 42.8 percent (midpoint 25 percent) adder effect to avoided electric supply at four cents per kWh.  This adder effect is attributable to increased employment of state / regional resources in energy efficient investment plus increased economic activity stimulated by energy cost savings (resulting form cost-effective energy efficient investment).51, 122
A 17 percent benefit adder effect (proportional to program spending) was attributed to a 1999 Ohio HWAP 60 for “value added” to the Ohio economy and the author considered this a “conservative” estimate.  It was estimated that the energy savings from a shared savings program in Hennipen County, MN would have an economic base multiplier effect of 1.72 during the first three years of that program.33, 122
Job Creation

Weaterization also has job creation effects.  A 1992 economic sector input-output model showed that for or every 1 million spent on weatherization in Iowa, there is $685,000 worth of additional economic activity in the form of direct and indirect employment, which in turn supports 34 job-years.4, 5, 37, 38, 50, 122  The indirect economic benefit included induced stimulative effects comprising $240,000 per million spent, resulting in the creation of 5.6 jobs.  In this case the induced stimulative effects (via direct employment and indirect employment in secondary and supportive industries) of the program outweighed the depressive effects, such as reduced fuel sales, ratepayer charges to fund the program, and reduced LIHEAP payouts, by $240,000 for every $1 million spent.

Another Iowa study showed that total industry output (similar to Gross Domestic Product) increases by $1.82 million for every $1.00 million spent on weatherization and 43 job-years are created for each million spent.50, 123
A 1983 study on national weatherization indicated that for every million dollars spent, there are 36 full time jobs from direct employment and 16 from indirect employment from supportive agencies.11 and 128  This does not include the induced economic effects when the value of energy savings and wages are recirculated.

A more conservative estimate of job creation was done by Hill-1998 60 on Ohio’s HWAP and found that there are 8.5 job-years for every million dollars spent on weatherization.

For Vermont, there are an estimated 46 job-years created for every million dollars spent on weatherization from the direct, indirect, and induced economic effects.  This is the midpoint value between the 1983 national weatherization study (52 job-years) and a 1992 Iowa study (40 job-years).  Table 10 shows $7.49 million was spent in Vermont creating 344.5 job years of employment.  In other words, there were 0.151 job-years for each unit weatherized.

The impact of weatherization spending on job creation can also be viewed in terms of displacing energy supply jobs.  A number of authors have done this (See Table 16).  The ratio of DSM jobs created to energy supply jobs created has been computed by a number of studies and shows a positive job creation effect for DSM.  The ratio of DSM jobs created to supply jobs created is equal to DSM gross employment + DSM re-spending employment / supply gross employment.6

One study quantified several benefit categories together and included the induced effect of increased disposable income.  A regional economic sector input-output model was applied to Wisconsin Gas Company’s Low Income Weatherization Program.  A benefit / cost Ratio of 3.1 was found.  The benefit / cost ratio is the first year economic output benefit over the homeowner weatherization program expenditures.  The benefits computed were in the form of increased disposable income, reduced arrearages, and increased local spending and jobs.41, 122  Similarly, the benefit / cost ratio of Wisconsin Natural Gas’s “Savings Plus” rental weatherization program was 3.2.

Table 16
DSM / energy supply option job ratio
	Author / Study
	Location
	Supply option
	DSM / Supply job ratio

	Jaccard & Sims-1991
	British Columbia
	Hydro-electric
	4.3

	Charles River-1984
	Washington
	Coal
	3.7

	Clark et al-1992
	Maine
	Fluid bed coal
	3.7

	Charles River-1984
	Washington
	Nuclear
	2.1

	Goodman et al-1993
	Florida
	Fuel mix
	1.9

	Geller et al-1992
	US
	Fuel mix
	1.7

	Goodman et al-1992
	Quebec
	Hydro-electric
	1.5

	Average
	
	
	2.7


Avoided cost of unemployment

The national weatherization study found a savings of $82.33
 per weatherized home in avoided unemployment benefits resulting from weatherization spending.4, 11, 26, 50, 102  Dividing $82.33 by 1.550 results in a multiplier of 0.053.  Using this same multiplier in Vermont results in avoided unemployment benefits of $183 per unit ($3,451*.053).

Skumatz-199844 estimates the benefits per person from reduced unemployment for a “generic” weatherization program at $0-$10 per participating household per year.

National security and global economic effect

A 1994 Pennsylvania Public Utilities Commission (PUC) filing122 suggested a 10 percent adder effect to avoided electric supply at four cents per kWh for increased independence from reliance on imported oil.  This assumes a cost of relying on imported oil of $2.56 per barrel.
 

For the purpose of this report we will assume that the national security benefit in Vermont derives entirely from fuel oil and kerosene heating and ignores the oil used to generate electricity.  On that basis, the average weatherized unit saved 232 gallons of oil per year relative to national securty interests (see Table 17, column 2, row 2) or 5.5 barrels over the 20 year life of measures.  This assumes that 46 percent of units are oil fired, 26 percent of the units are kerosene fired and the remainder use fuels that are not of national security interest.  The net present value of the national security interest is equivalent to 5.5 barrels of oil per year multiplied by $2.56, which is the national security value for not using oil, multiplied by 14.312, the equivalent of 20 years of 1997 dollars assuming an annual discount rate of 3.7 percent.

Vermont’s kerosene heated units saved 265 gallons or 6.3 barrels of oil per year and 126 barrels over the 20 year projected life of the measures.  The net present value to national security is $228 ($6.3*$2.56*14.312).

The NPV of national security benefits per unit weatherized in Vermont was $308 for fuel oil units and $69 for kerosene units.  When the national security benefit is averaged over all weatherized homes, the benefit is $202 per home.

Table 17
National security benefit of reduced reliance on imported oil

	Fuel source
	Average home
	Electricity
	Natural gas 
	Fuel oil
	Kerosene
	LPG

	Percent of all homes
	100
	6
	8
	46
	26
	13

	Gallons per year
	232
	NA
	NA
	354
	265
	NA

	Barrels per year
	5.5
	NA
	NA
	8.4
	6.3
	NA

	Value per year
	$14.14
	NA
	NA
	$21.50
	$16.13
	NA

	Barells per 20 year life of measures
	110
	NA
	NA
	168
	126
	NA

	NPV*
	$202
	NA
	NA
	$308
	$228
	NA


*Assumes a discount rate of 3.7 percent over the 20 year life of measures (14.312 multiplier).

Reduced reliance on public assistance

None of the studies in the literature quantified reductions in participant use of public assistance.  Assuming that 25 percent of Vermont’s weatherization participants (N=522) are on some form of public assistance and that 25 percent of those receiving public assistance (N=130) are impacted by weatherization such that their reliance on public assistance is reduced by 25 percent and that the average person on public assistance receive $500 per month or $6,000 per year in public assistance dollars, the reduced need for public assistance is equal to $195,000 (0.25*$6,000*130 units).  The benefit is equal to $85 annually ($195,000 divided by 2286) per unit.  This equates to a NPV of $1,217 per unit ($85*14.312).  Because we do not know how good the assumptions are and because this benefit is not adequately addressed in the literature, we have not included it in the final analysis.  However, it is an additional benefit that could be taken into account and suggests our overall estimate is a conservative one.

Reduced occupancy mobility rates

Several studies have demonstrated that high energy bills cause a greater level of housing mobility than would be the case if energy bills were lower.  Only Skumatz-1999 26, 44, 45 has estimated the benefit from reduced housing mobility.  Skumatz estimated a range of $0-$100 per participant by deriving assumptions from studies that equated lower utility bills among the poor to lower housing mobility, which in turn leads to lower educational achievement, and thus, smaller lifetime earnings.  We used the midpoint of this range, $50 per unit annually, as an estimate of the benefits of reduced mobility.

Pye-1996 50 reports that low-income homes are abandoned at twice the rate of all homes.  In 1974 and 1975 it was found that 2.5 percent of HUD mortgages failed because of high energy prices.11, 124
Colton-1995 52, 54 reported results of a Missouri telephone survey where 42 percent of the “most recent five year frequent movers” said energy bills were “very important” in their move and another 11 percent said that high bills were somewhat important.

Utility service termination is linked to mobility.  A study conducted in Philadelphia over a 5-year period found that 32 percent of homes were abandoned in the first year after electric service termination and 22 percent of homes within a year after gas service termination.11, 50, 54, 100
Similarly, Colton-1994 15 reported that 42 percent of homes in Maine were vacated from 1 to 11 months after service termination between 1986 and 1987 (indicating the household had moved subsequent to the shut-off).

A survey of the homeless in Philadelphia by ECA / IPPS cited utility termination as the reason for homelessness in 7.9 percent of the cases.11, 26, 54, 100
Brown-1993 11 estimated the avoided cost from reduced mobility to be less than $1 per weatherized dwelling.
  This study also found a control adjusted reduction in occupancy turnover rates in weatherized dwellings of 47 percent.

Lost rental value or income and damage from non-occupancy

Lost rental from tenants (because of utility related mobility) was quantified by Skumatz-1997.44  She estimated an annual lost rental value benefit per participant for a “generic" low-income weatherization program at $0-0.15 per home.  In Vermont, we used the midpoint of this range ($0.08) to estimate a benefit of $1.14 per home over the 20 year life of the measures.

The cost of damage from non-occupancy to landlords was not quantified in the literature.

Environmental Issues

Environmental benefits include reduced air emissions from power plants and home heating equipment, reduced fish kills at electric power generating plants, and land use impacts.

Air emissions from energy conversion

There are several air emissions that are regulated under the Clean Air Act, Sulfur oxides (SOx), Nitrogen Oxides (NOx), Volatile Organic Compounds (VOC’s), Particulate Matter (PM), and Carbon Monoxide (CO).
  In addition, there are three primary greenhouse gases, Carbon Dioxide (CO2), Methane (CH4), and Nitrous Oxide (N2O).  Additionally, there are various heavy metal air emissions that occur from coal and oil fire power plants.

The 1995 Tellus evaluation 6, 122 quantified benefits from reduced air emissions attributable to NEPOOL’s 1994 DSM efforts.  This study used control costs for Clean Air Act criteria emissions (SOx. NOx. VOC’s. PM’s, and CO) and the cost of maintaining an emissions target level for greenhouse gases (CO2, CH4, and N2O).  The target is consistent with the United Nations Kyoto Protocol, for which signatory nations agreed to reduce greenhouse gas emission levels to 1990 levels by 2010.

A three-step process was used to compute the avoided emissions benefit to Vermont from reduced energy consumption:

· emissions (in mass units of air pollutant per energy consumption units) was obtained from the literature

· an avoided emissions benefit in dollars per mass unit of pollutant also was obtained from the literature

· these two values were multiplied to obtain benefit values in dollars per unit of energy savings

Table 19 summarizes the results of these calculations.  The data in column 3 are multiplied by the savings attributable to the program in mmBTUs (Table 4, product of columns 5 and 6).  A discount rate of 3.7 percent over a 20 year life measure is assumed yielding a discount factor of 14.312.  Annual savings are multiplied by this factor to obtain lifetime savings in constant dollars.

The NPV for fuel weighted avoided air emissions is $874.75 per unit.  For electrically heated homes, the unweighted benefit is $97 per unit.  The unweighted annual air emissions benefit is $25 per unit from reduced use of natural gas, $232 from reduced fuel oil, $139 per unit from kerosene and $43 per unit for LPG.

Table 18
Summary of avoided air emissions benefits for Vermont
	Fuel type
	Value / (mmBTU)
	Vermont annual fuel savings (mmBTU) / unit
	Vermont’s avoided air emissions benefit - annual
	Vermont – NPV / home2

	Electric end-use
	$16.4081
	0.447103
	$7.34 
	$98.69 

	Electricity (space heating only)
	$16.4081
	5.890838
	$96.66 
	$83.00 

	Natural Gas
	$1.945
	12.9
	$25.09 
	$28.73 

	Fuel Oil
	$4.738
	48.9228
	$231.80 
	$1,526.04 

	Kerosene
	$3.849
	36.199
	$139.33 
	$518.46 

	LPG
	$2.556
	16.7628
	$42.85 
	$79.72 

	Average3
	
	
	
	$874.57 


1
Air emissions cost at $0.056 / kWh, there are 293 kWh per mmBTU

2
Assumes a 20 year life of measures and a 3.7 percent discount rate for the environment (14.3118 multiplier).
3
weighted by fuel type.

For electricity 6, 122, the breakdown of benefits is estimated at 1.86¢ per kWh for NOx, 1.15¢ for SOx, 0.19¢ for PM’s, 0.02¢ for CO, 2.1¢ for CO2, 0.04¢ for CH4, and 0.08¢ per kWh for N2O totaling 5.45¢ per kWh for all air emissions.  Approximately 0.30¢ per kWh is attributable to upstream energy requirements and 5.14¢ per kWh for generation.  Similarly, the 1995-Tellus study estimated the DSM benefits from reduction in heavy metal air emissions for NEPOOL at 0.015-0.278¢ per kWh.  The midpoint of the range for heavy metals is 0.1465¢ per kWh.  The total cost for all air emissions is 5.5965 cents per kWh.  The Tellus benefit estimates for electric savings, 5.6¢ per kWh or $16.408 per mmBTU, are used for Vermont because they comprehensively cover the avoided cost of all air pollutants and they apply specifically to New England.  The estimates for natural gas, fuel oil, LPG , and kerosene heated homes are derived from similar studies.

Data from SEI & UNEP-1995 120 are used to estimate the benefit of reduced emissions (in lbs per mmBTU of fuel input) from natural gas, fuel oil, LPG, and kerosene heated homes.  This study used ranges for residential space heating equipment based on fuel type.  The ranges are attributable to variations in combustion equipment, fuel characteristics, and testing methods.  Unless otherwise noted, the midpoint of the range was used for the analysis and displayed in the tables below.  To convert these SEI & UNEP-1995 emissions into dollars of avoided cost, we used several studies that had data on air emissions in dollars per mmBTU.  See Table 19, Table 20, Table 21, and Table 22 below.

Data specific to Vermont were used when available.  For SO2, NOx, VOCs, PM, and CO2, data from the Vermont Department of Public Service 1997 Statewide survey were used in this analysis.  If data on Vermont was unavailable, nearby regional data were used.  For methane (CH4) emissions, the Tellus-1995 estimate of the value of avoided air emissions (attributable to 1995 Boston Edison DSM programs) was used.  For Nitrous Oxide (N2O) data from the 1991 Nevada PSC in Galvin-1999 51 was used.  These data were selected for Vermont because of close geographic proximity.

There are four tables, one each for natural gas, fuel oil, kerosene, and LPG.  The first column in each table lists the pollutant.  The second column (pounds of pollutant per mmBTU) is multiplied by the third column, dollars per pound, to obtain the benefit in dollars per mmBTU of fuel input which is displayed in column four.  For detailed tables containing quantities from a broad range of studies on each of the 5 criteria, 3 greenhouse gas, and heavy metal air pollutants, see Table 26, 

Table 28
, Table 29, Table 30, Table 31, Table 32, Table 33, and Table 34 in Appendix D.

Most of the air emissions cost associated with natural gas consumption is due to CO2 emissions (84 percent).  The total air emissions cost associated with natural gas heating is $1.944 / mmBTU (See Table 19).

Table 19
Natural gas emissions

	Pollutant
	Lbs / mmBTU of fuel input 23, 120
	Dollars / lb.
	Dollar benefit / mmBTU of fuel input

	SOx
	0.001*
	$0.96 51
	$0.0010

	NOx
	0.06
	$4.07 51
	$0.2442

	VOC’s
	No data
	$3.34 51
	

	PM’s
	0.0115
	$4.98 51
	$0.0572

	CO
	0.016
	$0.54 51
	$0.0090

	CO2
	121
	$0.01 51
	$1.6335

	CH4
	0.0025
	$0.13 6, 51
	$0.0003

	N2O
	No data
	$2.07 51
	

	Heavy metals
	No data
	Various **
	

	Total
	
	
	$1.9442


*   Low end of estimated range was used

** See Table 34 for detailed breakdown

For fuel oil, CO2 is also the largest component of the emissions cost (49 percent), however, other pollutants such as SOx (38 percent) and NOx (10 percent) make up most of the remaining air emissions cost.  The total cost is $4.73 per mmBTU.  See Table 20.

Table 20
Fuel Oil Emissions Summary Table

	Pollutant
	Lbs / mmBTU of fuel input 23 and 120
	Dollars / lb
	Dollar benefit / mmBTU of fuel input

	SOx
	1.86
	$0.9615 51
	$1.79

	NOx
	0.12
	$4.0715 51
	$0.49

	VOC’s
	No data
	$3.3365 51
	

	PM’s
	0.023
	$4.9765 51
	$0.11

	CO
	0.0395
	$0.543 51
	$0.02

	CO2
	172
	$0.0135 51
	$2.32

	CH4
	0.013
	$0.126 6, 51
	$0.002

	N2O
	No data
	$2.07 51
	

	Heavy Metals
	No data
	Various **
	

	Total
	
	
	$4.73


** See Table 34 for detailed breakdown

LPG emissions costs are primarily comprised of the principle greenhouse gas (CO2) representing 80 percent of the total air emission cost (Table 21).

Table 21
LPG Emissions Summary Table

	Pollutant
	Lbs / mmBTU fuel input 23 and 120
	Dollars / lb
	Dollar benefit / mmBTU of fuel input

	SOx
	0.001
	$0.962 51
	$0.001

	NOx
	0.095
	$4.072 51
	$0.39

	VOC’s
	No data
	$3.337 51
	

	PM’s
	0.021
	$4.977 51
	$0.10

	CO
	0.022
	$0.543 51
	$0.01

	CO2
	152
	$0.014 51
	$2.05

	CH4
	0.002
	$0.126 6, 51
	$0.0002

	N2O
	No data
	$2.07 51
	

	Heavy Metals
	No data
	Various **
	

	Total
	
	
	$2.55


** See Table 34 for detailed breakdown.

Kerosene generated environmental costs in the form of air emissions come from CO2 (58 percent), SOx, (23 percent) and NOx (7 percent).  The evironmental savings from reduced kerosene air emissions is $3.85 per mmBTU (Table 22).

Table 22
Kerosene Emissions Summary Table

	Pollutant
	Lbs / mmBTU fuel input 23 and 120
	Dollars / lb
	Dollar benefit / mmBTU of fuel input

	SOx
	0.91
	$0.9615 51
	$0.87

	NOx
	0.065
	$4.0715 51
	$0.26

	VOC’s
	No data
	$3.3365 51
	

	PM’s
	0.081
	$4.9765 51
	$0.40

	CO
	0.1205
	$0.543 51
	$0.07

	CO2
	166
	$0.0135 51
	$2.24

	CH4
	NA
	$0.126 6, 51
	

	N2O
	No data
	$2.07 51
	

	Heavy Metals
	No data
	Various **
	

	Total
	
	
	$3.84


** See Table 34 for detailed breakdown

Several other studies quantify air emissions.  The 1999 Galvin meta-study51 recommended an adder of 15-666 percent to avoided electric supply at four cents per kWh.  This includes all criteria emissions (SOx, NOx, VOCs, PM, and CO: 14-57 percent), along with greenhouse gases (CO2, CH4, N2O: 1-115 percent) and heavy metals (arsenic, beryllium, cadmium, chromium, copper, lead, manganese, mercury, nickel, and selenium: 0-247 percent).  This study was done for the Massachusetts DTE to support its adoption of a 25 percent adder for DSM non-energy benefits.

A 1995 Tellus 6, 122 study reported that the total federal subsidy associated with coal fuels is 0.4-0.7 cents per kWh in 1994 dollars.  Similarly, the total federal subsidy for nuclear fuels is 1.1-1.9 cents per kWh.  The Tellus-1995 report 6, 122 estimated the avoided cost of the nuclear fuel cycle (in terms of risk, waste and decommissioning) at 0.00125-228.04 cents per kWh due to DSM in the New England NEPOOL.  The magnitude is due to the possibility that DSM may have no effect on nuclear baseload generators or that DSM may be assumed to displace nuclear directly.

The 1993 ORNL study of the non-energy benefits of the national weatherization program 11, 50, 102 computed a value of $12 per household per year in avoided control cost for SOx and NOx.  The Net Present Value (NPV) of the avoided cost of air emissions from the ORNL / DOE study is $172 per home (from reduced SOx and NOx only).

The 1998-99 Ohio HWAP 59, 61, 56 evaluation assigned a NPV benefit of $25-$508 per weatherized home for avoided CO2, SOx, NOx, CO, CH4, and PM emissions.  In the environmental impact report,59 an NPV of $264 per home was identified as the value of avoided air emissions.  A 1997 study by Blasnik 7 valued avoided emissions attributable to Ohio’s Weatherization Assistance Program (such as NOx and CO2) at $5-$300 per home with a point estimate of $50 per weatherized home.

Skumatz-1997 44 estimated the total environmental benefits associated with a generic low-income weatherization program such as PG&E’s Venture Partners Pilot (VPP) Program to be $3-$20 per participating household per year.  Skumatz-1999 45 estimated an adder to the energy savings associated with a generic low-income program of 15-650 percent.

Water / aquatic issues

Galvin-1999 and Tellus-1995 6, 51 reported an adder effect to avoided electric supply at four cents per kWh of 0.1-0.5 percent for the mitigative costs of preventing fish impingement in power plant cooling loop intake grids.  Ottinger-1990 36 equated this to 0.005-0.02 cents per kWh in mitigative costs per kWh.  This assumes a fish impingement rate of 0.00061 fish per kWh.  For Vermont, the midpoint of this range (0.0125 cents per kWh) is used as the benefit for avoided fish kills.  The electric savings per unit in Vermont was 131 kwh per year for electric end-use and 1726 kWh per year for units heated electrically.  For electric end-use this amounts to $1.64 per unit per year or a NPV of $23.44 per unit.  For units with electrical space heating the annual benefit is $21.57 per year per unit for an NPV of $309 per unit.  Averaging the space heating and non-space heating savings over all homes for fewer fish kills results in a benefit for Vermont of $2.84 per home annually or an NPV of $40 per unit overall.

A 1978 study estimated the benefits of eliminating all impacts of acid rain (caused by SOx emissions) on aquatics, forests, crops and materials in the eastern United States at $5 billion per year.  This value assumes that forests are worth the market value for timber.  For crop damage, it is assumed that acid damage equals ozone damage.  The benefit is $0.25 billion to aquatics, $1 billion to crops, $2 billion to materials, and $1.75 billion to forests.36, 112
Skumatz-1997 44 estimated the total annual water and sewer savings and avoided cost at $10-$155 per participant in a “generic” low-income weatherization program such as PG&E’s Venture Pilot Program in California.  This includes $2-45 for avoided costs to society for water and wastewater and $8-110 for water and sewer savings to participants.  This study was done in California, a water scarce region of the country.  The region east of the Mississippi, where Vermont is located is generally considered a water abundant region.  Because of this we used the low end of the range of the Skumatz estimate ($10 per year per home) in water and sewer savings attributable to weatherization measure impacts.  The NPV over the average 20-year life of measures is $143.12 per home.

Adding the water and sewer savings to the reduction in fish kills attributable to Vermont’s weatherization totals to $143.35 per home in non-electrically heated homes and $153.36 per home in electrically heated homes.  Overall, the average benefit per Vermont weatherized home is $143.76 per home for total water-related benefits (Table 23).

Table 23
Water benefits of Vermont's weatherization (NPV per home)
	Benefit
	Electric – non-space heating – all homes
	Electric heated homes – space heating only
	Natural gas
	Fuel oil
	Kerosene
	LPG
	Average home

	Reduced fish kills
	$23.44
	$309
	
	
	
	
	$40

	Water and sewer savings
	
	$143
	$143
	$143
	$143
	$143
	$143

	Total
	$23.44
	$452
	$143
	$143
	$143
	$143
	184


Land Usage

Tellus-1995 6, 122 provides a value for the amount of land use required for construction and operation of power plants potentially avoided by DSM.  The values range from 0.1 square yards per MWh for gas and oil fired plants, 1.2 for conventional coal, 1.5 for nuclear pressurized water reactors, and to 2.7 for nuclear boiling water reactors.  This does not include land use required to extract fuels.  Since the savings from weatherization is not likely to directly displace the construction of new power plants and there is no value stated for the land, no benefit for Vermont is quantified in this report.

Health and Safety

Health and safety benefits include reduced incidents of fire and carbon monoxide, fewer emergency calls, fewer illnesses, and increased comfort.

Customer injuries and loss of life and property from reduced incidence of fire

In the Ottinger-1990 “meta-study,” the dollar value of human life is quantified from a range of studies.  The study recommends using the midpoint of $4 million per life, which falls within the middle of the range of studies ($1 to $10 million).  Using a similar methodology, the dollar value of statistical injury or serious illness (morbidity) is $0.4 million per injury.

The 1993 national weatherization report 11 on non-energy benefits methodology estimates the benefit of avoiding fire deaths and property damage at $3.25 in benefit per unit.
  This methodology did not include injury prevention benefits.

For Vermont, the methodology of the national weatherization study is used to estimate benefits of avoided fire deaths and property loses with one change to that methodology.  A human life is valued at $4 million (as established by the Ottinger study) instead of $250,000 per non-elderly person and $24,000 for elderly lives.
  The result is a value of $2.15 per unit in annual benefits for reduced property losses and $27.60 per unit per year in prevented deaths.  Thus, a value of $29.75 per home per year is appropriate for Vermont with an NPV over the 20 year life of weatherization measures at $425.78 per unit.
Vermont’s fire death rates and rate of fire occurrence, though sometimes higher than the national average, are comparable.  In Vermont, there were 17 fire-related fatalities in 1997.  There were a total of 2,769 fires.  Of these, 1,328 were building fires and 704 were in one and two family units.  Chimney fires account for 42 percent of these.  Fixed stationary heating equipment was involved in 32 percent of fires and central heating was involved in an additional five percent.  In Vermont in 1995 there were 1.6 deaths per 1,000 fires and 15.8 injuries.  There were 2,463 total fires reported (with four deaths and 39 total injuries).  The average dollar loss per fire was $4,045 (1997-Vermont Fire Marshall Report).

In Vermont in 1994 there were 4.8 deaths per 1000 fires and 16.7 injuries.  The total number of fires reported were 1,855 (with nine deaths and 31 total injuries).  The average dollar loss per fire was $6,328 (1996-Vermont Fire Marshall Report).

Blasnik-1999 61 estimated the benefits of health and safety equal to the entire amount of money spent on measures having some health and safety benefit (such as furnace replacements).  For Ohio’s 1994 HWAP, this was $317 per home from a program which had a total program cost of $2381 per home.

Health benefits from carbon monoxide reduction

Carbon monoxide, a colorless, odorless gas blocks the transport of oxygen to the brain.  It has been linked to learning impairment and blurred vision and is a criterion pollutant regulated by the Clean Air Act.  CO is indirectly a greenhouse gas because it eventually oxidizes into CO2 while in the atmosphere.  This section deals with CO health effects indoors.  See the preceding section for CO emissions impact on the environment.

Carbon monoxide deaths have averaged 2 - 3 per year over the last several years in the state of Vermont (1997-Vermont Fire Marshall Report).  There are no estimates for how many deaths might be prevented by weatherization in the literature and these are excluded in this report.

Fewer emergency calls

According to Magouirk-1995, 30, 43 the first year savings in reduced emergency service calls attributable to the 1993 Colorado Public Service's Energy Savings Partners Program (low-income weatherization) on a per household weatherized basis is $22.57.  This value is the sum of $15.58 (for emergency service calls not including calls for flex connectors), $1.98 (for gas flex connectors), and $5.01 (the incremental cost of having the flex connector replaced by emergency services instead of the weatherization agency).  This totals to $22.57 per unit for first year savings.
  This value is used for Vermont and has an NPV of $323 per home.
Another study done by Skumatz-1997 44 produced similar results.  The emergency gas, annual, per participant, benefits to ratepayers and the utility of "Generic" Low-Income Weatherization (such as PG&E's Venture Pilot Program) are $10-20 for fewer emergency gas calls, $0-5 for flex connector replacements (one time), $0-$2 for fewer emergency calls from flex connectors, and $0-0.15 for self insurance savings to utility.  This totals to a range of $10.00-$27.15 of savings per home annually for gas emergency items.  Skumatz-1997 also attributed $0-0.25 of annual savings due to weatherization enhancing fire safety for a “generic” low-income program.

Fewer illnesses and nursing home avoidance

Skumatz-1997 44 attributed $0-150 annually to weatherization reducing illnesses for a “generic” low-income program.  This assumes that weatherization prevents illness to household breadwinners or children, such that, the key wage earner misses fewer days of work due to illness because of weatherization.  Also, it assumes that one bottle of additional cold medicine would not need to be purchased annually.  The midpoint of the range ($75 per home per year) and is used for Vermont.  The NPV over the 20-year life of measures is $1,073 per home.
There were no estimates on the cost of nursing home avoidance in the literature.  However, some studies addressed related issues.  In the winter of 1990-91, seven percent of North Carolina homes lost their primary heating fuel service and 38 percent of these had no secondary fuel source.  Thus, 2.7 percent of all North Carolina Homes went without any form of home heating for some period of time in the winter of 1990-91.54
Harrington-1992 58 found that weatherization and low-income programs reduced customer reported health problems associated with the home being too cold in wintertime.  There was a 69 percent reduction from 36 percent of the #1 control group
 to 11 percent of the #4 full treatment group in the number of persons who perceived having health problems caused by their house being too cold.  Specifically, there was a 28 percent relative drop from group 1 (36 percent) to the weatherized group 2 (26 percent).  There was a 48 percent relative drop from group 2 (26 percent) to the weatherized and budget counseled and energy educated group 3 (16 percent).  Lastly, there was a 31 percent relative drop from group 3 (16 percent) to full treatment group 4 (11 percent) for those who thought they had health problems caused by their house being too cold.

Comfort

Skumatz-1999 45 used an innovative survey technique to investigate the customer perceived value for non-energy benefits such as improved household comfort.  The study asked participants in several DSM and low-income programs how valuable the benefit was in relation to the bill savings.  It was found that for “various weatherization measures” (such as insulation, weather-stripping, and caulking) that all the non-energy benefits were 1 to 1.5 times as valuable as the energy savings.  Improved comfort was scaled to a point estimate and found to be 12 percent of this perceived benefit.  This benefit is not transferable to Vermont because the estimate of perceived value included sets of benefits different than those offered within Vermont’s program framework.  However, a value of 12 percent of the savings for Vermont’s program equals $28.56 per year or an NPV of $451.56 over the 20-year life of measures.

A 1990 study by Gladhart 18 suggests that weatherization stabilizes temperatures in the home such that the frequency and magnitude of thermostat adjustments necessary to maintain comfort are reduced.
  No quantitative value is assigned to this impact.

The reduction of air infiltration is an important method for reducing energy consumption, but it also results in improved comfort levels for home occupants.  See the blower door section of the energy benefits chapter for data on Vermont’s weatherization impacts on air infiltration.
Utility Service

Utility services benefits include reduced arrearages and associated carrying costs, reduced accounts and debt write-offs, fewer service terminations, fewer non-emergency service calls, reduced collection costs, avoided rate subsidies, fuel provider insurance savings, and transmission, distribution and fuel delivery savings.

Reduced arrearages 

Weatherization’s impacts on arrearages has been analyzed by a number of authors.  Table 24 summarizes the arrearage benefits from these studies.  There is a wide range ($8-$469) of arrearage reduction per unit attributable to weatherization.  See Table 35 for a detailed version of Table 24.  The 1993 ORNL evaluation identified a national average benefit of $32 per home per year for reduced arrearages.  The NPV of this over a 20-year life measure is $458 per home.  This national average benefit estimate is used for Vermont’s program.

Table 24
Arrearage benefits of low-income and weatherization program summary*
	Location and year
	Benefit value and units
	Description

	National-93
	$32 / home
	Annual arrearage reduction

	Ohio-97
	65%
	Decline in billing shortfall per annum (PIPP Only)

	Ohio-97
	63%
	Decline in billing shortfall per annum

	Ohio-98
	$1,200 / home
	NPV of ratepayer savings

	Detroit Edison-97
	0.5%
	Increase in bills paid on time

	Detroit Edison-94
	$150
	Reduced account balances

	Milwaukee-93
	$232 / home
	Arrearage reduction

	Wisconsin Gas Co / Milwaukee-91
	56%
	Reduction in un-recovered gas charges

	Wisconsin Gas-94
	20%
	Utility’s return on program investment

	Wisconsin Gas-94
	$353 / home
	Arrearage reduction for single family dwelling

	Wisconsin Gas-94
	$502 / home
	Arrearage reduction for two-family dwelling

	Missouri Gas Energy-98
	-$5.02 / month / home
	Change in utility bill balance

	Connecticut Light & Power Co.-94
	$9.73-18.77 / home
	Arrearage reduction

	Connecticut Light & Power Co.-94
	$40-28 / home
	Arrearage reduction (E4 plan)

	Niagara Mohawk-92
	23%
	Increase in dollars paid on utility bill

	Niagara Mohawk-92
	33%
	Increase in dollars paid on utility bill (real-time feedback on usage)

	Niagara Mohawk-99
	$469 / home
	Arrearage reduction

	Columbia Gas-93
	12%
	Arrearage reduction (control group stratified with similar bill pattern)

	Columbia Gas-93
	15%
	Arrearage reduction (regular control group)

	Columbia Gas-93
	5%
	Utility shortfall reduction in monthly bills

	Columbia Gas-94
	5%
	Utility shortfall reduction in monthly bills

	Columbia Gas-94
	19%
	Reduction in billing deficit

	PG&E-97
	$0.50-7.50 / home
	Annual reduction in carrying cost of arrears

	PG&E-99
	$4-63 / home
	Reduced carrying charges on arrears

	Washington-93
	$84 / home
	Arrearage reduction

	Washington-91
	69%
	Reduction of customers in arrears

	Washington-92
	15%
	Reduction of customers classified as problematic (internal control)

	Washington-92
	9%
	Reduction of customers classified as problematic (external control)

	Washington-92
	61%
	Reduction in mean amount of arrears

	Oregon-92
	17%
	Reduction in mean amount of arrears

	Oregon-92
	8%
	Reduction of customers classified as problematic

	Colorado-95
	$7.98 / home
	First year arrearage, bad debt, and fewer account write-off savings

	Colorado-95
	26%
	Reduction in monthly carried arrears

	Colorado-99&95
	$30.56 / home
	Reduction in uncollectables and debt write-offs


*See Table 35 for a more detailed version of this table

Impacts of arrearages and uncollectables on all customers and carrying costs for energy suppliers

Arrearage carrying costs occur to the utility when uncollected balances are born by other ratepayers.  Skumatz-1997 44 estimated this benefit to be $0.50-7.50 in annual per participant benefits to ratepayers and the utility for a "generic" low-income weatherization programs (such as PG&E's Venture Partners Pilot).  For Vermont, the midpoint of this range ($4 per participant per year) is used and represents the benefit of having less arrearages to carry.  The NPV of this is $57.25 per home.
Several other studies on weatherization impacts on arrearages and utility bills are noteworthy:

· Hall-1998 21 found that 65 percent of participants in a Missouri Gas Energy (MGE) pilot weatherization program were more able to pay their bills as a result of their participation.

· Hall-1997 19 reported that 80 percent of participants in Detroit Edison’s 1995 Low-Income Energy Management Program are now “better able to pay” their bills as a result of their participation.

· Tellus-1995 6 reported that low-income DSM programs reduce arrearages for $3 to $176 per customer.

Harrigan-1992 58 reported on results of a post program telephone survey conducted for Niagara Mohawk in 1991 on four sample groups:

· unweatherized control group,

· weatherized only group,

· weatherized plus budget counseling, energy usage education, electric DSM measures installed, and affordable bill payment plan group, and

· all of group 3 plus a real-time minute-to-minute feed back on cost and usage of natural gas for water and space heating.

The results indicate that weatherization has a positive impact on the customer’s perception of having "some" or "a lot" of control over his utility bill.  Forty-five percent of control group #1 thought they had “some or “a lot” of control, 57 percent of weatherized group #2, 78 percent of group #3, and 80 percent of group #4.

Reduced size of bad debt written off and decreased number of accounts written off

Skumatz-1997 44 estimated annual payment-related benefits per participant to ratepayers and the utility for a "generic" low-income weatherization program.  These were $1-4 for the reduced size of bad debt, and $1-3 for decreased number of accounts written off.  The total for these values is $2-$7, with a midpoint of $4.50 per home per year.  This mid-point is used for Vermont.  The NPV of benefits accrued from weatherization attributable to the reduction in bad debt and account write-offs is $64.40 per home.

One author estimated the benefit-cost ratio of bad debt conservation programs.  Colton-1994 54 found that the benefit-cost ratio of a bad debt conservation program (based on system avoided cost savings) at 1.857 for electrically heated homes, 2.290 for homes with electric water heaters, but no electric heat, and 1.944 for all "other" non-electric heat and non-electric hot water heated homes.

Fewer shutoffs and reconnections / fewer service terminations

Several authors estimated the savings from fewer service terminations per participant per year.  Skumatz-1998 and Howat-1999 proposed a benefit value of $2-$12 for fewer service terminations and reconnections.  The midpoint of this range ($7) is used for estimating benefits to Vermont with an NPV of $100 per home.  Table 25 below summarizes various estimates for the cost and value of service terminations from a variety of studies.

Table 25
Fewer service termination benefits

	Study
	Benefit value
	Definition

	Hill and Blasnik 1998 56 and 61
	$41.68 / home NPV
	The number of service disconnections per year avoided due to the Ohio Home Weatherization Assistance Program is 643 (585 gas and 58 electric ones).  The net present value of this is 0.5 million dollars.  There were 11,997 housing units served by this program, thus a disconnection savings per unit weatherized is $41.68.  The study assumes the cost to the utility is $100 per service disconnection incident and the NPV is computed over 10 years.

	Coton-1994 15 and Howat-1999 26
	$85.88 / incident
	The cost of shutting off and then reconnecting power service for Columbia Gas.  This includes: $0.75 for shut-off notice, $1.28 for telephone contact, $18.09 for premise visit, $21.92 for disconnection, and $43.84 of cost for reconnection.

	Skumatz-1998 43 and Howat-1999 26
	$2-$12 /  home / year
	Avoided cost of notices, customer calls, service terminations and reconnections due to DSM program per weatherized home.

	Pye-1996 50 and Colton-1994 15
	$67-$84 / incident
	Cost of disconnection and reconnection of utility service per incident.  The range is dependent upon weather or not the person is contacted by telephone or in person.

	Pye-1996 50
	$117 / incident
	The 1993 marginal cost of each utility service termination


Skumatz-1997 44 estimated the value of fewer service terminations (annually, per participant) benefits to participant’s in a “generic" low-income weatherization program at $0-1 for the cost of restarting service.  Howat-1999 26 reported a value of fewer service terminations due to weatherization of $0 to $100 annually per participating households.

Colton-1994 54 and 118 reported on a 1989 survey revealing utility termination as the single most frequent legal problem experienced by low-income households representing 11.4 percent of all reported legal problems for this population.  However, no cost impacts were reported for this impact.  In addition, staff at Detroit Edison Company advised that in an unpublished internal study of low-income terminations, more than 50 percent of disconnects had reconnected their own power within 7 days of the disconnection, resulting in a significant theft of power.  No dollar estimate of this theft was reported and no benefit is provided from this report.

Reduced customer calls and service requirements (non- emergency)

Weatherization programs provide clients with new and upgraded systems and technologies that need little repair and maintenance compared to older technologies in unweatherized homes.  However, no quantification of this benefit is found in the literature and is therefore excluded from this report.

Reduced collection costs / fewer payment and late payment notices

Only one study estimated the benefit of reduced credit and collection expenses on a per participant basis.  Tellus-1995 6 and Colton-1994 15 reported a value of $65-$85
 per participant attributable to avoided credit and collection expenses associated with unpaid utility bills.  The midpoint of this range is $75 per unit and is used in the Vermont analysis.

Hart-1993 22 and Colton-1994 54 reported the per incident cost of credit and collection activities associated with service disconnection and DSM referral for Central Maine Power in 1992.  The average cost of one telephone call ($4.61), special payment arrangement ($5.75), premise visit ($18.64), disconnection / reconnection ($18.17), and DSM referral, ($3.09) totals $50.76.

Colton-1994 15, 26, 54 computed the cost of negotiating payment plans for each incident which takes 0.5 hours of customer service time for Columbia Gas.  The hourly rate, including overhead, is $21.62 per hour and an assumed $3.83 of clerical time for each incident.  The cost for a half-hour of time is estimated at $14.61.  Colton-1994 15 and 54 reported the average cost range per account of collection agency activity experienced by Columbia Gas from 1987 to 1989 for customers who are not paying utility bills to be $387-$445 per account with a midpoint of $416 per account.

Blasnik-1997 7 reported the frequency of collection activities (e.g., late payment notices, termination notices, phone calls, referrals to collection agencies, etc.) declined by 6.4 percent for the treatment group while increasing by 20.8 percent for a comparison group over the same time period.  This yielded a net 27.2 percent reduction in collection activities due to HWAP (Ohio's Home Weatherization Assistance Program).

Rate subsidies avoided

Skumatz-1997 26, 43, 44 estimated that the rate subsidy avoided due to a “generic” low-income program to be $5-$32 per participant per year.  This is based on a low-income rate subsidy program that discounts 15 percent of utility bill costs to participants.

In some studies, arrearages and bill and payment savings benefits are bundled together with avoided rate subsidies.  Ratepayer savings in PIPP (Percentage of Income Payment Plan) attributable to weatherization spending in Ohio in 1994 was substantial and estimated to have an NPV of $1,208 per unit weatherized.

Since the Vermont weatherization program does not include a rate subsidy program, there is no need to include this benefit.

Insurance savings to fuel providers

No quantified data was found on fuel provider insurance savings in the literature.

Transmission, distribution, delivery savings and fuel delivery savings

Electric power transmission and distribution line losses typically average 5-10 percent of the energy delivered to consumers.  There is also the avoided cost of new throughput capacity additions to the transmission and distribution system that occurs with energy savings and associated demand reductions.  Skumatz-1997 44 estimated transmission and distribution savings to be worth from $0-$6 per year per participant.  However, it is not necessary to add these benefits because line losses and fuel delivery costs are embedded in the retail price for electricity and petroleum heating fuels.  We take the conservative assumption with regard to environmental externalities (such as air emissions) as line losses are likely already accounted for in these estimates.

Other Benefits

Several other miscellaneous benefits include reduced transaction costs for participants, DSM spill-over, increased education and customer loyalty.

Reduced transaction costs for participants

Skumatz-1997 44 estimated the value of reducing transaction costs for participants in a “generic” low-income program to be worth $0-$5 per participant per year.  This benefit occurs when customers become more educated about conservation and have energy efficient measures installed as a result of their weatherization experiences.  Customers then do not need to shop for these products and spend time obtaining information about them.  The midpoint of this range is $2.50 and the estimated NPV of this for Vermont is $35.78 per home.

DSM spillover and “Take-Back”

Tellus-1995 6, 122 recommends a 20 percent adder to the energy and capacity savings for “DSM spillover.”  Spillover occurs when participants adopt non-program DSM measures, when non-participants adopt program measures, and when non-participants adopt non-program measures.  “Take-back” occurs when participants engage in behavior after participation in a weatherization program to “recapture” some of the energy savings to improve their comfort levels.  One example of this is when participants raise the heating setpoint on their thermostat after weatherization.  This potential impact would be subtracted from the energy benefits and proportionally subtracted from related non-energy benefits as well.  No quantifiable estimates of “DSM Take-Back” were found in the non-energy benefits literature.  When this issue was addressed qualitatively in the literature it was suggested that DSM take-back is a minor phenomenon with minimal effects.  Given the lack of quantitative estimates and the fact that spillover and take-back may cancel each other out.  No benefit is quantified for Vermont.

Education

Hall-1997 19 conducted a post program telephone survey of participants in Detroit Edison’s 1995 Low-Income Energy Management Program.  There was a 50 percent increase in the summed percent of energy efficient actions that can be shown or demonstrated among participants compared to non-participants.  Survey mentioned measures were 20 percent more often shown or demonstrated among participants than non-participants.  Similarly, participant mentioned measures were shown or described nine percent more often among participants.  Though invaluable, education is difficult to quantify for the purposes of this study and is excluded in this analysis.

Customer Loyalty

Customer loyalty is valuable to utility providers that increasingly operate in a competitive marketplace.  However, it is difficult to quantify changes in customer loyalty in the context of this study.  Harrigan-1992 58 reported on a Niagara Mohawk 1991 post-program telephone survey of four sample groups:

· unweatherized control

· weatherized only

· weatherized plus budget counseling, energy usage education, electric DSM measures installed, and affordable bill payment plan

· group 3 plus a real-time minute-to-minute feed back on cost and usage of natural gas for water and space heating

There was a 212 percent increase (from group #1 & #2 to groups #3 & #4) in the percent who felt that the utility (Niagara Mohawk) was "very concerned" about its customers' well being.  No dollar value is provided for this benefit.

Vermont’s results compared to other “meta-studies”

This study is the most inclusive assessment of non-energy benefits reported to date.  Vermont’s results are comparable to several other studies.  An evaluation of the non-energy impacts of national weatherization was performed in 1993 by ORNL.4, 10, 11  The non-energy benefits averaged over all 1989 participants in national weatherization totaled $976 4, 5, 23, 43, 44, 50, 54 per home.  Specifically, $126 for enhanced property valuation and extended lifetime of dwelling, $3 for reduced fires, $32 for reduced arrearages, $55 for federal taxes generated from direct employment, $506 for income generated from indirect employment, $82 for avoided costs of unemployment benefits, and $172 for the NPV
 of environmental externalities.

A meta-study by Howat and Oppenheim-1999 26 quantified non-energy benefits of low-income programs by borrowing values from other studies and proportioning them to associated program costs to generate a percentage, an “adder.”
  The adder is a percentage of benefits in proportion to the cost of the program on a per home basis.  For example, an adder of 100 percent for non-energy benefits, would mean that the value of non-energy benefits equals the cost of the program.  He then combined the ranges of values for various benefits into one range for all non-energy benefits and came up with a non-energy benefit adder of 17 percent to 327 percent for all low-income programs.  This total is derived from the following: 0.6-8.8 percent for arrearages, 2.2-8.1 percent for uncollectables, 0.3-1.1 percent for termination and reconnection costs, 5.8-37.6 percent for reduced rate discount payments, 0.2 percent for fire prevention, 0-11.7 percent for reduced unemployment insurance payments, 0-75 percent for equity/reduced energy burden concerns, 0-116.8 percent for reduced mobility, 0-59.1 percent for reduced loss of service due to termination, and 8.1 percent for improved maintenance / property values.

The total NPV non-energy benefit attributable to Ohio's HWAP in 1994 on a per weatherized home basis is reported by Blasnik-1999 61 at $2,273 per home.  This occurred with a program that costs $2,381 per home and that saved participants an average NPV of $1,150 in utility costs.  The total NPV of $2,381 per home for non-energy benefits are broken down as follows: $42 for disconnection’s avoided, $1,208 for ratepayer saving in PIPP from reduced PIPP participation, reduced arrearages, bills and payments, $317 for health and safety, $442 for the “value added” to the Ohio economy, and $22-510 ($264 midpoint) for reduced air emissions.

Lisa Skumatz, performed several analyses of non-energy benefits.  Skumatz used an approximated range based on alternative assumptions about "value" and "impacts" related to generic weatherization programs and the range of quantitative results from other authors and other assumptions.  Skumatz-1997 44 estimated the general non-energy (annually, per participant) benefits to utility and ratepayer, society, and participant of a "Generic" Low-Income Weatherization (such as PG&E's Venture Partners Pilot -VPP Program) as follows: $18-81 for utility and ratepayer, $7-176 for society, and $8-566 to the participant.  This creates a range of from $33 to $823 for total non-energy benefits.

The 1998 Skumatz study 43 summed all non-energy benefits associated with PG&E's VPP Program on a per participant annual basis: $35 for PG&E and rate payers, $60 for society, and $210 for customers.  This totals to a point estimate of $305 per participant annually (an approximate NPV of $2,556)
 NPV for the non-energy benefits of this pilot weatherization and education program.

In 1999 Skumatz performed a similar analyses of PG&E’s VPP (Venture Partners Pilot) Program, 45 but enhanced the methodology to include an innovative telephone survey to bolster estimates of participant non-energy benefits.  The annual non-energy benefit result was: $34.06 to the utility, $212.30 to society, and $260.63 to participants.  The annual total is $506.98 for non-energy benefits per participant for the VPP Program or a NPV of $4,248.
  This enhanced methodology was also applied to PG&E’s Low-Income Weatherization Program and yielded a benefit of $268.80 ($2,253 NPV)
 per participant.  The benefit to the utility was $17.81, $110.89 to society, and $140.09 to participants.

Horowitz-1998 25 recommended a general non-energy benefit “adder”
 of 15 percent be applied to the total energy and demand savings (from low-income weatherization) for the reduction of bad debt and payment and collection costs and improvements in housing stock.

Vermont’s non-energy benefits are comparable, but higher than these “meta-studies.”  This is mainly due to the comprehensive and all-inclusive nature of this study.

Summary

In summary, the NPV of space-heating non-energy benefits for Vermont’s weatherization program are $8,437 for electrically heated homes, $6,389 for natural gas heated homes, $12,729 for fuel oil heated homes, $11,038 for kerosene heated homes, $8,717 for LPG homes, and $11,264 for the overall average home weatherized in Vermont.  For the 2,286 homes served by weatherization, this amounts to $25,749,500 of non-energy benefits over a 20-year period.

Appendix D

Air Emissions

Table 26.
Sulfur Dioxide (SO2) Emissions

	Study
	Benefit
	Definition

	Ohio WAP-199923 and 123
	$0.76/home weatherized or $11 NPV
	The value of avoided SO2 emissions at actual market price of trading allowances during 1995-1997

	Galvin-199951
	$1,080/ton
	EPA damage cost estimate in 1999$

	Galvin-199951 and 6
	$1,784/ton
	Tellus Institute control cost estimate in 1994$ for Boston Edison Settlement Board and based upon MA Docket 91-131

	Galvin-199951
	$1,923/ton
	Vermont DPS used control cost from MA Docket 91-131

	Galvin-199951
	$1,780/ton
	CBEE estimate based upon experience with California’s “cap and trade” transferable permit system

	Tellus-19956 and 122
	1.15 cents/kWh
	NEPOOL’s estimated value of avoided air emissions due to 1994 New England DSM efforts

	Ottinger-1990 36, 53, and 122
	$2.03/lb.
	General “starting point”* scenario for the cost of SOx, which includes $1.72 for mortality, $0.05 for morbidity, $0.12 for corrosion to paint and rubber, and $0.14 for visibility.  Does not include acid rain costs to ecosystems or historical monuments.

	Hill-1999 23 and 122
	$110-130/ton
	Avoided cost of SO2 emissions as determined by the market price of SO2 trading allowances in the 1995-1997 market place.

	Hill-1999 23, 59 and 120
	0.001-2.71 lbs./mmBTU
	For residential space heating, there is 0.001-1.09 lbs. SOx/mmBTU for NG, 0.001 for LPG, 0.91 for kerosene, 1.10-2.71 for fuel oil, and 0.029-0.073 for wood

	Hill-1999 23, 59 and 119
	18.57 lbs./MWh
	1994 Ohio HWAP avoided SOx emissions per home per year


Table 27
Nitrogen Oxide (NOx) Emissions

	Study
	Benefit
	Definition

	Ohio WAP-199923 and 123
	$0.60/home weatherized or $10 NPV
	Control cost for low NOx burners and overfire technologies

	Galvin-199951 and 6
	$7,557/ton
	Tellus Institute control cost estimate in 1994$ for Boston Edison DSM Programs in 1995

	Galvin-199951
	$8,143
	Vermont DPS used control cost from MA Docket 91-131

	Galvin-199951
	$1,780
	1998 CBEE estimate based upon experience with California’s “cap and trade” transferable permit system

	Tellus-19956 and 122
	1.86 cents/kWh
	NEPOOL’s estimated value of avoided air emissions due to 1994 New England DSM efforts

	Hill-1999 23, 59 and 120
	0.002-0.98 lbs./mmBTU
	For residential space heating, there is 0.02-0.1 lbs. NOx/mmBTU for NG, 0.09-0.10 for LPG, 0.01-0.12 for kerosene, 0.07-0.17 for fuel oil, and 0.09-0.98 for wood

	Hill-1999 23, 59 and 119
	7.58 lbs./MWh
	1994 Ohio HWAP avoided emissions per home per year

	Hill-1999 23 and 122
	$400/ton
	Avoided control cost based on low NOx burners and overfire air technologies

	Ottinger-1990 36 and 104
	$0.43/lb.
	Big City scenario for the cost of NOx, which includes $0.34 for mortality and $0.01 for corrosion, $0.01 for crop loses, and $0.07 for visibility

	Ottinger-1990 36 and 104
	$0.022/lb.
	Small City scenario for the cost of NOx, which includes $0.016 for mortality and $0.001 for corrosion, $0.002 for crop loses, and $0.003 for visibility

	Ottinger-1990 36 and 53
	$0.82/lb.
	General “starting point”* scenario for the cost of NOx, which includes $0.34 for mortality, $0.29 for morbidity, $0.01 for corrosion to paint and rubber, $0.01 for crop loses, and $0.17 for visibility

	Hasselman-1997 53 and 122
	$2700/ton
	Control cost from power plant emissions


* “starting point” is the authors main scenario for environmental damage based on the best guess assimilation of values from other studies. 

Table 28
Volatile Organic Compounds (VOC’s) Emissions

	Study
	Benefit
	Definition

	Galvin-199951 and 6
	$6,192/ton
	Tellus Institute control cost estimate in 1994$ for Boston Edison DSM Programs in 1995

	Galvin-199951
	$6,673/ton
	1997 Vermont DPS Statewide Energy Efficiency Plan

	Galvin-199951
	$530/ton
	1998 CBEE estimate based upon experience with California’s “cap and trade” transferable permit system


Table 29
Particulate Matter (PM’s) Emissions

	Study
	Benefit
	Definition

	Galvin-199951 and 6
	$4,618/ton
	Tellus Institute control cost estimate in 1994 dollars for Boston Edison DSM Programs in 1995

	Galvin-199951
	$9,953/ton
	1997 Vermont DPS Statewide Energy Efficiency Plan

	Galvin-199951
	$910/ton
	1998 CBEE estimate based upon experience with California’s “cap and trade” transferable permit system

	Tellus-19956 and 122
	0.19 cents/kWh
	NEPOOL’s estimated value of avoided air emissions due to 1994 New England DSM efforts

	Hill-1999 23, 59 and 120
	0.001-3.05 lbs./mmBTU
	For residential space heating, there is 0.003-0.02 lbs. PM’s/mmBTU for NG, 0.021 for LPG, 0.001-0.161 for kerosene, 0.02-0.026 for fuel oil, and 0.50-3.05 for wood

	Hill-1999 23, 59 and 119
	0.31 lbs./MWh
	1994 Ohio HWAP avoided PM-10 emissions per home per year

	Ottinger-1990 36 and 104
	$0.36/lb.
	Big City scenario for the cost of PM-10s, which includes $0.33 for mortality and $0.03 for morbidity

	Ottinger-1990 36 and 104
	$0.02/lb.
	Small City scenario for the cost of PM-10s, which includes $0.02 for mortality

	Ottinger-1990 36, 53 and 122
	$1.19/lb.
	General “starting point”* scenario for the cost of PM-10s, which includes $0.33 for mortality, $0.03 for morbidity, and $0.83 for visibility.


Table 30
Carbon Monoxide (CO) Emissions

	Study
	Benefit
	Definition

	Galvin-199951
	$920/ton
	1991 Nevada PSC

	Galvin-1999 51 and 6
	$1,008/ton
	Tellus Institute avoided control cost estimate in 1994$ for Boston Edison DSM Programs in 1995

	Galvin-199951
	$1,086/ton
	1997 Vermont DPS Statewide Energy Efficiency Plan

	Tellus-19956 and 122
	0.02 cents/kWh
	NEPOOL’s estimated value of avoided air emissions due to 1994 New England DSM efforts

	Skumatz-1997 44
	$0-0.15/part/year
	A best guess approximation of the health benefits for a generic low-income weatherization program.

	Hill-1999 23, 59 and 120
	0.001-3.05 lbs./mmBTU
	For residential space heating, there is 0.006-0.026 lbs. CO/mmBTU for NG, 0.022 for LPG, 0.001-0.24 for kerosene, 0.032-0.047 for fuel oil, and 0.15-25.8 for wood

	Hill-1999 23, 59 and 119
	0.33 lbs./MWh
	CO emissions avoided due to participation in Ohio HWAP in 1994 – weighted average for 5 Ohio utilities based on their share of participants


Table 31
Carbon Dioxide (CO2) Emissions

	Study
	Benefit
	Definition

	Ohio WAP-199923 and 123
	$32.84/home weatherized or $242 NPV
	Estimated control cost to get US CO2 down to 1990 levels by 2010

	Galvin-199951
	$12-$50/ton carbon*
	CEC (California Energy Commission) adopted based on what may result from international trading

	Galvin-199951
	$30/ton carbon*
	CEC adopted in ER-94 proceedings and primarily uses damage cost function

	Galvin-199951
	$22/ton
	1991 Nevada PSC

	Galvin-199951 and 6
	$25/ton
	Tellus Institute control cost estimate in 1994$ for Boston Edison DSM Programs in 1995

	Galvin-199951
	$27/ton
	1997 Vermont DPS Statewide Energy Efficiency Plan

	Galvin-199951
	$10-$77/ton
	A March 17, 1999 memorandum by Tim Woolf of Synapse Energy Economics cited a range of values from other studies.

	Tellus-19956 and 122
	2.1 cents/kWh
	NEPOOL’s estimated value of avoided air emissions due to 1994 New England DSM efforts

	Hill-1999 23, 59 and 120
	121-166 lbs./mmBTU
	CO2 avoided from reduce residential space heating fuel usage wrought from Ohio WAP in 1994$.  121 lbs./mmBTU for NG, 152 for LPG, 166 for Kerosene, 172 for fuel oil

	Hill-1999 23, 59 and 119
	2,145 lbs./mmBTU
	CO2 avoided from reduced electric usage averaged for 1994 WAP Participants over 5 Ohio Utilities

	Hill-1999 23 and 122
	$12.40/ton
	Avoided control cost of keeping CO2 at 1990 levels by 2010

	Berry-1997 4, 11, 50, 102
	0.25-0.48 tons carbon** /home/year
	Tons per household of avoided carbon** emission due to national weatherization.  0.25 tons for NG heated homes, 0.45 for fuel oil homes, 0.26 for LPG homes, 0.48 for electric homes, and 0.31 for kerosene

	Skumatz-199945 and 130
	$25/ton
	Emissions costs of CO2 from NG facilities

	Hasselman-1997 53 and 122
	$15/ton
	Control cost

	Hasselman-1997 53 and 36
	$54/ton
	Emission cost of environmental damage


* Galvin stated this value in tons in “molecular weight carbon” instead of tons of CO2, but this is not entirely clear.  A molecule of CO2 weighs 3.67 times that of a carbon atom.

** Figures are in tons of atomic weight carbon, CO2 molecules weigh 3.67 times that of carbon atoms.

Table 32
Methane (CH4) Emissions

	Study
	Benefit
	Definition

	Galvin-199951
	$220/ton
	1991 Nevada PSC

	Galvin-199951 and 6
	$252/ton
	Tellus Institute control cost estimate in 1994$ for Boston Edison DSM Programs in 1995

	Tellus-19956 and 122
	0.04 cents/kWh
	NEPOOL’s estimated value of avoided air emissions due to 1994 New England DSM efforts

	Hill-1999 23, 59 and 120
	0.002-4.65 lbs./mmBTU
	For residential space heating, there is 0.002-0.003 lbs. CH4/MmBTU for NG, 0.002 for LPG, 0.013 for fuel oil, and 0.085-4.65 for wood

	Hill-1999 23, 59 and 119
	0.02 lbs./mmBTU
	Ohio state energy office computed the impact of Ohio HWAP and is weighted based on utility’s share of participant enrollment

	Berry-1997 4 and 11
	0.09 tons/home
	CH4 emission avoided by national weatherization per home per year

	Hasselman-1997 53 and 122
	$150/ton
	The control cost of power plant methane emissions


Table 33
Nitrous Oxide (N2O) Emissions

	Study
	Benefit
	Definition

	Galvin-199951
	$4,140 / ton
	1991 Nevada PSC

	Tellus-19956 and 122
	0.08 cents / kWh
	NEPOOL’s estimated value of avoided air emissions due to 1994 New England DSM efforts

	Berry-1997 4 and 11
	0.173 tons / home
	N2O emission avoided by national weatherization per electrically heated home per year


Table 34
Heavy Metal Emissions

	Study
	Benefit
	Definition

	Galvin-199951
	0-247% adder to avoided 4 cent / kWh electric supply
	heavy metals include: arsenic, beryllium, cadmium, chromium, copper, lead, manganese, mercury, nickel, and selenium – 0%-247%.  This study was done for the Massachusetts DTE.

	Tellus-19956
	0.015-0.278 cents / kWh
	For toxins with known control costs, the marginal control costs are used.  The remaining use relative toxicities.*

	Tellus-19956
	$920 / lb
	1994 cost for Arsenic**

	Tellus-19956
	$359-94,488 / lb
	1994 cost for Beryllium**

	Tellus-19956
	$143-37,795 / lb
	1994 cost for Cadmium**

	Tellus-19956
	$0-55 / lb
	1994 cost for Trivalent Chromium**

	Tellus-19956
	$1,430 / lb
	1994 cost for Hexavalent Chromium**

	Tellus-19956
	$0-70 / lb
	1994 cost for Copper**

	Tellus-19956
	$540 / lb
	1994 cost for Lead**

	Tellus-19956
	$55-1,404
	1994 cost for Manganese**

	Tellus-19956
	$14-3,779
	1994 cost for Mercury**

	Tellus-19956
	$1-210
	1994 cost for Nickel**

	Tellus-19956
	$0-70
	1994 cost for Selenium**


* Includes:  (1) 0.005 cents / kWh for arsenic, (2) 0-0.021 for beryllium, (3) 0-0.021 for cadmium, (4) 0-0.07 for trivalent chromium, (5) 0.009 for lead, (6) 0-0.002 for mercury, (7) 0.001-0.17 for nickel.  This total to 0.015-0.278 cents/kWh for toxic air emissions.

**  Uses relative toxicities from the Massachusetts Allowable Ambient Limits (AAL).  It is similar to the EPA’s “reference doses” but it includes both non-cancer and cancer health effects.

Appendix E

Arrearages

Table 35
Arrearage benefits of low-income and weatherization programs
	Location/Study
	Benefit value
	Definition
	Methodology
	Baseline

	National

Brown-1993 11, 26, 4, 50


	$32/home
	The average reduction in arrears in the year following national weatherization per dwelling. 
	Use of available data on payment histories for dwellings in the national weatherization study sample were used.  Unlike many arrearage studies, the national one did not specifically target high arrearage low-income weatherized people.
	

	Ohio

Blasnik-1997 7


	65%
	Average annual customer bill payment shortfalls declined by 65% after HWAP (Ohio's Home Weatherization Assistance Program) participation among (PIPP-Only) customers 
	Billing analysis
	Shortfalls went form $217/yr to $77/yr.

	Ohio

Blasnik-1997 7


	63%
	Average annual customer bill payment shortfalls declined by 63% after HWAP (Ohio's Home Weatherization Assistance Program) participation.
	Billing analysis
	For all HWAP participants, average payment shortfalls went from $114/yr to $42/yr.

	Ohio

Blasnik-1998 56
	$1,200/home
	NPV in 1994$ of the amount of ratepayer savings in PIPP due to Ohio'’ HWAP
	
	

	Detroit Edison

RLW Analytic-1997 42
	0.5%
	The gross change in customer bills paid o time after participation  in Detroit Edison’s 1995 Residential Energy Management Program
	Billing analysis
	

	Detroit Edison

Colton-1994 54 and 116
	$150
	On average account balances were reduced by $150 over a period from July to December 1992.
	Detroit Edison offered high use, high arrears customers extensive energy management program (Energy Options), where participants received usage comparisons in monthly bill to show what they used this month compared to what they used in the same month last year and they also received a) 10 cent/kWh arrearage reduction for each kWh they had reduced.
	

	Milwaukee

Brown-1993 11, 24, 39 
	$232/home
	Weatherization participants took part  in a Milwaukee Low Income Budget Payment Plan (LIBP) and experienced reduced arrearages when compared to a weatherized comparison group of LIBP non-participants.
	Arrearage levels averaged before participation in a LIBP Payment Plan (which is based on affordability) and compared to average arrearage levels after participation.  Time trends in arrearage and statistical comparisons of pre and post treatment arrearage level (to see if weatherization had an effect on arrearage) were used as a methodology.
	The arrearages of LIBP participants who did not receive weatherization went up $176 and this compares to LIBP participants who did receive weatherization and who's arrears went down by $56.  The net difference is $232 of arrears.

	Wisconsin Gas Co / Milwaukee.

Hoch-1991 24, 39
	56%
	A control adjusted net reduction in un-recovered gas charges for weatherized customers of 56% occurred. 
	Analysis of the aggregate recovery of incurred gas charges by customer payments and energy assistance.  This study was done on LIBP (Low-Income Bill Payment) plan Wisconsin Gas Company customers from 1986 through 1989.  Both comparison groups were on a LIBP plan.
	There was a 64% reduction (dropping $311 from $484 to $173) in un-recovered gas charges for the weatherized treatment group, compared to an 8% reduction (dropping $30) for the un-weatherized comparison group.

	Wisconsin Gas Co.

Colton-1994 54 and 113
	20%
	The utility's return on investment in 1998 weatherization, strictly from the reduced nonpayment and before considering traditional avoided costs, in the first year of the program.
	
	

	Wisconsin Gas Co.

Colton-1994 54 and 113
	$353
	The annual reduction in arrears resulting from weatherization in single family dwelling from a 1988 Wisconsin Gas Company study.
	
	

	Wisconsin Gas Co.

Colton-1994 54 and 113
	$502
	The annual reduction in arrears resulting from weatherization in two-family dwelling from a 1988.
	
	

	Missouri Gas Energy

Hall-1998 21
	-$5.02/ month/home
	Change in monthly utility bill balance before and after weatherization retro-fit for Missouri Gas Energy customers
	Computed average change in monthly utility bill balance for a group of weatherization pilot participants
	

	Connecticut Light & Power Co.

Colton-1994 54 , 114
	$9.73-$18.77
	The average monthly arrears were reduced by $9.73 in 1989 and $18.77 in 1990 as a result of DSM.
	
	

	Connecticut Light & Power Co.

Colton-1994 54 , 114
	$40-$28
	The average monthly arrears were reduced by $9.73 in 1989 and $18.77 in 1990 as a result of DSM.  Specifically from the "E4" Plan.
	
	

	Niagara Mohawk 

Harrigan-1992 58
	23%
	There was a 23% increase in the total dollars paid by the group #4 customers to the utility from $968 before the program up to $1188 after participation.  Also for group #4, the number of payments per unit of time doubled after participation.  During this same time period the control group #1 paid less to the utility, $844 before and $895 after.
	Niagara Mohawk 1991 post program telephone survey of four groups: 1) unweatherized control group, 2) weatherized only group, 3) weatherized plus budget counseling, energy usage education, electric DSM measures installed, and affordable bill payment plan group, and 4) all of the above plus a real-time minute-to-minute feed back on cost and usage of natural gas for water and space heating.
	

	Niagara Mohawk 

Harrigan-1992 58
	33%
	There was a 33% increase in the total dollars paid by the group #3 customers to the utility from $883 before the program up to $1174 after participation.  Also for group #3, the number of payments per unit of time doubled after participation.  During this same time period the control group #1 paid less to the utility, $844 before and $895 after.
	Niagara Mohawk 1991 post program telephone survey of four groups: 1) unweatherized control group, 2) weatherized only group, 3) weatherized plus budget counseling, energy usage education, electric DSM measures installed, and affordable bill payment plan group, and 4) all of the above plus a real-time minute-to-minute feed back on cost and usage of natural gas for water and space heating.
	

	Niagara Mohawk 

Howat-1999 26
	$469/home
	Customers (with the ability to pay) reduced arrearages by an average of $469 after delivery of Niagara Mohawk's low-income DSM program per household.
	
	

	Columbia Gas 

Ramos-1993 35
	12%
	There was a stratified (with similar arrearage patterns) control group adjusted reduction of 12% in arrearage change over pre- and post- program periods in a comprehensive Low-Income Usage Reduction Program (LIURP).
	Weatherization participant bill payment behaviors were compared to a control group that was stratified with similar bill payment behaviors.
	

	Columbia Gas 

Ramos-1993 35
	15%
	There was a control group adjusted reduction of 15% in customer billing deficit of the average monthly billing over pre- and post- program periods in a comprehensive LIURP.
	Weatherization participant's bill payment behaviors were compared to a control group.
	

	Columbia Gas 

Ramos-1993 35
	5%
	There was a control group adjusted reduction of 5% in utility shortfalls of the average monthly billing over pre- and post- program periods in a comprehensive Columbia Gas Low-Income Usage Reduction Program (LIURP).
	Weatherization participant's bill payment behaviors were compared to a control group.
	

	Columbia Gas 

Colton-1994 54 and 35
	5%
	Control adjusted improvement in utility shortfalls paid to the utility due to participation in a 1990 LIURP (Low-Income Usage Reduction Program) for Columbia Gas Company of Pennsylvania.  
	
	The control group had an average monthly utility shortfall equal to 3% of the average monthly bill during the pre-program period.  This rose to a 10% surplus during post program period.  Similarly, program participants went from a 3% utility shortfall to a 15% surplus.  This is a control adjusted improvement of 5%, which is statistically significant.

	Columbia Gas 

Colton-1994 54 and 35
	19%
	There was a control adjusted net reduction of 19% in customer billing deficit as a result of LIURP participation..
	This is control adjusted and statistically significant.
	LIURP participants paid 58% of their average monthly bills prior to participation and 75% after.  The control group paid 64% before and 67% after

	PG&E

Skumatz-1997 44
	$0.50-7.50
	Reduced carrying cost of arrearages for generic low-income program such as PG&E's Venture Partners Pilot Program on a per household basis.
	Point estimate for PG&E’s VPP Program based on an assumed reduction of 26% in arrears.
	

	PG&E

Howat-1999 26
	$4-63/home
	Reduced carrying charges on arrearages for PG&E's low-income weatherization and education on a per household basis.
	
	

	Washington

Brown-1993 11, 39
	$84/home
	Average amount of monthly arrears reduced per home after participation in the Yakima Valley Energy Savings Partnership (YVESP).* 
	In Washington, for the YVESP Program in 1988/89, clients received weatherization, energy assistance, education and access to budget billing as a part of YVESP.
	Prior to participation, the average home was in arrears by $93 per month, and after participation in YVESP, it went down to $9, for a net reduction of $84 per home.

	Washington 

Quaid-1991 39
	69%
	In Washington, the Yakima Valley Energy Savings Partnership (YVESP) Program in 1988/89 where clients received weatherization, energy assistance, education and access to budget billing.*
	YVESP participants were compared before and after their participation for the percent sample still in arrears.
	Percent of sample in arrears prior to participation in YVESP program.  Thus, YVESP participation is attributed to reducing percent in arrears from 58% to 18%.

	Washington 

Khawaja-1992 29
	15%
	There was a (internal control group) adjusted decrease in the percentage of customers classified as problematic in their bill payment behavior by 15% in a Washington study as a result of weatherization..
	
	Participants increased from 62% with good payments in the pre-program period to 72% in the post program period, while the internal control group went from 77% with good payments up to 78%.  This represents a control adjusted increase of 15% of those exhibiting good payment behavior.

	Washington 

Khawaja-1992 29
	8.5%
	There was a (external control group) adjusted decrease in the percentage of customers classified as problematic in their bill payment behavior by 8.5% in a Washington study as a result of weatherization.  
	
	Participants increased from 62% with good payments in the pre-program period to 72% in the post program period, while the internal control group went from 78% with good payments up to 84%.  This represents a control adjusted increase of 15% of those exhibiting good payment behavior.

	Washington 

Khawaja-1992 29
	61%
	There is a control adjusted percentage decrease of 61% in the dollar value of mean arrearages after participation in a Washington weatherization program.  
	
	The treatment groups mean arrears were $48.99 prior to participation and $21.85 afterwards ($27.14 decrease), while the control groups arrears went from $14.07 pre-program to $16.70 after ($2.63 increase).  Thus a total net shift of $29.77, which is a net 61% reduction of arrearages off of the $48.99 pre-program treatment group level.

	Oregon

Khawaja-1992 29
	17%
	There is a control adjusted percentage decrease of 17% in the dollar value of mean arrearages after participation in a Oregon weatherization program.  
	
	The treatment groups mean arrears were $29.56 prior to participation and $27.06 afterwards ($2.50 decrease), while the control groups arrears went from $4.95 pre-program to $7.53 after ($2.58 increase).  Thus a total net shift of $5.08, which is a net 17% reduction of arrearages off of the $29.56 pre-program treatment group level.

	Oregon

Khawaja-1992 29
	8%
	There was a control adjusted decrease in the percentage of customers classified as problematic in their bill payment behavior by 8% in a 1992 Oregon study as a result of weatherization.  
	
	Participants increased from 63% with good payments in the pre-program period to 65% in the post program period, while the control group went from 74% with good payments down to 71%.  This represents a control adjusted increase of 8% of those exhibiting good payment behavior.

	Colorado

Magouirk-1995 30
	$7.98
	First year savings from reduced arrears and bad debt and fewer account write-offs and shut-offs to the 1993 Colorado Public Service's Energy Savings Partners Program (low-income weatherization) on a per household weatherized basis.  $3.29 for the reduction in the size of bad debt written off, $2.77 savings from decreased number of accounts written-off for bad debt, $0.74 savings from fewer shut-offs for delinquency, and $1.18 savings from carry cost of the reduction in arrearages.
	Arrears were summed for both the pre- and post-weatherization (14 month periods) and a mean was found.  The before and after arrearage level carrying costs were based upon an interest rate of 8.18%.  The mean bad debt written off before weatherization was compared to the mean bad debt written off afterwards.
	

	Colorado

Magouirk-1995 30
	26%
	Monthly carried arrears were reduced by weatherization by the 1993 Colorado Public Service's Energy Savings Partners Program (low-income weatherization) on a per household weatherized basis 
	
	from a mean of $55.55 prior to weatherization and $41.08 afterwards, for a net reduction of $14.47 or 26%.

	Colorado

Howat-1999 and Magouirk-1995 30 and 26
	$30.56
	Uncollectables and bad debt write-offs were reduced by $30.65 per participating household in Colorado
	
	


* Percent reduction of households in arrears following weatherization only was 2% (or $6 less per month) and EAP only 3% (or $3 less per month)

Appendix F
Bibliography of Non-Energy Benefits
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Biewald, Bruce et. al,  Societal Benefits of Energy Efficiency in New England,  Tellus Institute WEB page, Aprox. 40 pg.,  November 8, 1995.  Detailed breakdown and quantification of the non-energy benefits from New England’s DSM Programs; including environmental, societal, and economic.  This meta-study monazites non-price factors.
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22.
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23.
Hill, David, David Nichols, and Hannah Sarnow,  The Environmental Benefits of Low-Income Weatherization,   9th IEPEC, pg. 427,  1999.  An environmental impact assessment of Ohio’s weatherization program using projections of market value for air pollution emissions reductions.
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33.
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� This assumes that 50% of direct employment and 25% of indirect employment is taken from the ranks of the previously unemployed.  These previously unemployed workers would no longer need unemployment.


� There are 42 gallons in a barrel of oil.


� Estimate based on number of "heat related residential properties" with service termination and no reconnection, filed by Columbia gas to the Maine Public Service Commission.


� A Philadelphia survey of homeless persons and emergency shelter providers (Robinson - 1993) was used by ORNL to estimate the avoided cost created by WAP's ability to reduce this forced mobility (@ 7.9%).  ORNL's methodology not specified.


� The average number of occupancy changes in weatherized dwelling declined from 11 to 9 per 100 dwellings per year after weatherization.  The control group's occupancy rate increased from 12 to 18 per year per 100 dwellings.  This was a control adjusted reduction of 8 per 100 or a 47 percent reduction from the post-weatherized control adjusted rate of 18 per 100 dwellings.  A 47 percent reduction is therefore attributable to weatherization.


� In addition to being a toxin, CO contributes indirectly to the greenhouse effect, when CO molecules oxidize into CO2.


� In 1987, heating systems caused 21 percent of residential fires, 10 percent of fatalities due to fires, and 10 percent of the injuries due to residential fires.  There are 5.2 elderly (64 or older) deaths per 100,000 per year and 1.7 non-elderly deaths per 100,000 per year.  There were 69,300 elderly and 487,000 non-elderly homes weatherized in 1989.  Weatherization is assumed to prevent all furnace-related fires, thus reducing 0.52 elderly deaths per 100,000 per year and 0.17 non-elderly deaths.  Also, there are 610 fires per low-income unit per year, of which 21 percent are due to heating systems and weatherization prevents 25 percent of these at an average cost of $3,530 per home.  The value of property and life added together is $3.25 per weatherized home attributable to fire safety.


� The value of life is based on the average NPV of future lifetime earnings in the national weatherization study


� Th average cost of sending an emergency gas service crew to a home is $77.91.  This was computed by taking the total cost of having staff and equipment for this service spread out on a per call basis.  The $15.68 per home weatherized savings is derived from the reduction in emergency service calls after weatherization, not including calls for gas flex connector.


� Niagara Mohawk 1991 post program telephone survey of four groups: 1) unweatherized control group, 2) weatherized only group, 3) weatherized plus budget counseling, energy usage education, electric DSM measures installed, and affordable bill payment plan group, and 4) all of the above plus a real-time minute-to-minute feed back on cost and usage of natural gas for water and space heating.


� The 1990 Gladhart study showed that weatherization improved home occupancy comfort.  The percentage of days the thermostat was manipulated at least once went down 13 percent (from 72 percent to 62 percent) after weatherization and the number of times per day the thermostat was manipulated went down 17.6 percent (from 3.4 to 2.8).  The average magnitude of temperature changes went down 16.4 percent (from 6.7 degrees to 5.6).


� Range is based on utility’s variable cost.


� These costs do not include payroll or administrative overheads and estimates were derived from corporate records of supply costs, wages, and amount of time spent on each service.


� Figure is based on a similar Columbia Gas study of PIPP savings attributable to weatherization.  Savings from this study were proportioned to Ohio’s HWAP program and estimated accordingly.  Savings included PIPP shortfalls, arrearages, and bills and payment expenses.


� The NPV (Net Present Value) is the avoided costs of SOx and NOx emissions assuming a 4.7 percent discount rate and 20 year life of measures.  All other benefits for national weatherization occur annually.


� A non-energy benefit avoided cost adder reflects the ratio of the estimated present value in dollar terms of the benefit to total program costs.  This study established benefits from other programs and proportioned them to associated programs costs to derive a proportional percentage.  These percentages are summed to yield a total non-energy benefit adder that can be applied to other programs to estimate benefits.


� Ratepayer savings in PIPP is estimated by using a Columbia Gas study on a similar PIPP program.  The health and benefits are based on measure costs, air emissions are based on air emissions from Ohio utilities, and economic value was based on economic sector input-output analysis of Ohio's economy.


� Skumatz uses a 10 year life of measures and a discount rate of 4% to compute the NPV (8.38 multiplier).


� Skumatz uses a 10 year life of measures and a discount rate of 4% to compute the NPV (8.38 multiplier).


� Skumatz uses a 10 year life of measures and a discount rate of 4% to compute the NPV (8.38 multiplier).


� In this study an “adder” is the ratio of the dollar value of the non-energy benefit to the total program cost.
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