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1.
Introduction
Snohomish County PUD No. 1 (District) contracted with JACO Environmental (JACO) to perform a refrigerator/freezer recycling program.  This program was a follow-on to the 2004 pilot program.  The objective was to decrease the number of older, inefficient refrigerators and freezers by removing them from the market.  The refrigerators and freezers were completely recycled so these units cannot be re-introduced into the secondary market, thus ensuring long-term energy savings.  In addition to energy savings there were environmental benefits that include:  reduction of greenhouse gas emissions (foam wall insulation, CFC-11), capture of ozone depleting substances (Freon), and the recycling of metal and glass.  
During the program, 3766 total units that consumed an average of 1,367 kWh/year of energy were collected.  A net-to-gross ratio of 0.54 was derived, and the program savings was found to have an 8-year life.  The overall program cost was $500,000.  These factors (including a 3.41% discount rate) result in a lifecycle levelized cost of 25.8 mills/kWh.  
2.
Program Description
Beginning in August, the District offered its customers a rebate of $35 to turn in their old refrigerators and freezers.  The units were required to be between 10 and 27 cubic feet and were required to be in working condition.  Customers were required to own the units being recycled and there was a limit of two per customer.  

The program was operated by JACO, who provides services that include:

· Marketing and advertising

· Collection and transportation

· Complete recycling and processing

· CFC-11 incineration

· Incentive check processing

· Call center operation

· Web site, including database connection
The District elected to share the advertising and marketing efforts with JACO.  JACO was asked to provide fliers for in-store retail outlets as well as truck signs for the delivery trucks.  JACO also provided original artwork and example advertising materials. The District placed advertisements in area newspapers and worked in conjunction with JACO regarding the amount and timing of advertisements.  
The program began August 1 and ran through the end of December 2005 (some units were collected in January 2006).  Table 1 shows a few metrics of the refrigerators and freezers collected during the program. 
	Table 1.  Program Metrics

	Total Number of Units
	3766

	    - Number of Refrigerators (67%)
	2508

	    - Number of Freezers (33%)
	1258

	Average Unit Size (cubic feet)
	17.3

	Average Vintage
	1978

	Average Age (years)
	27


Approximately 30% of the units collected were primary refrigerators, and ten percent of the customers in this program had two units removed.  Fifty six percent of the participants said they were planning to replace the old unit, most with a new model (82%).  
A small number of customers (48) participated in both the previous pilot program (2004) and then again in the current (2005) program. Of these participants, seven of them recycled 2 units each time for a total of 4 units each.  
3.
Energy Savings Evaluation
JACO provides energy information for some refrigerators and freezers removed from service, so an energy-savings estimate can be determined.  The sum of the individual unit values produces a program total energy savings.  The cost portion of the evaluation includes program costs, benefits, and levelized life cycle cost (LCLC) - see Table 2.    
	Table 2.  Energy Savings and Cost 

	Annual gross kWh, all units
	5,146,562

	Average gross kWh per unit
	1,367

	Net-to-Gross (NTG) Ratio 
	            0.54 

	Average net kWh per Unit
	734

	Program Life (years)
	8

	Total Program Cost

	  $ 500,000 

	Real Discount Rate
	3.41%

	Annual Savings, aMW
	0.32

	Levelized Cost (Mills/kWh)
	25.8


Unit Energy Consumption (UEC) 
Estimates of the UEC (kWh) for 1731 refrigerators and freezers (46% of the total 3766 units) were provided by JACO (obtained from the Home Energy database, www.homeenergy.org).  These data are based on energy consumption values provided by manufacturers for when they units were new (i.e., “nameplate” values).  A degradation factor of 0.006 is applied for each year since the unit was manufactured.  
For the remaining units, UEC values were derived based on Northwest Power Planning and Conservation Council data and Home Energy Magazine article (Home Energy 1995).  The Council values were obtained through AHAM and extend back to 1977.  The Home Energy article provided energy use data for refrigerators based on a variety of factors including size, age, and defrost-type.  The energy use by age chart was used to complete the database back to 1930.  Table 3 shows the energy-use data used to supplement the UEC data provided by JACO.  The result is that every refrigerator now has an associated UEC value.  
Table 3.  Refrigerator Energy Consumption Data by Year
	Model Year
	Shipment Weighted Average Use (kWh/yr)
	Model Year
	Shipment Weighted Average Use (kWh/yr)
	Model Year
	Shipment Weighted Average Use (kWh/yr)
	Model Year
	Average Use (kWh/yr)

	2000
	580
	1992
	821
	1984
	1139
	1970 - 1976
	1541

	1999
	600
	1991
	857
	1983
	1160
	1965 – 1969
	1200

	1998
	620
	1990
	916
	1982
	1191
	1960 – 1964
	850

	1997
	640
	1989
	934
	1981
	1190
	1960 – 1964
	850

	1996
	661
	1988
	964
	1980
	1278
	1950 - 1959
	700

	1995
	649
	1987
	974
	1979
	1366
	1930 – 1949
	650

	1994
	653
	1986
	1074
	1978
	1453
	
	

	1993
	660
	1985
	1058
	1977
	1541


Source:  Northwest Power Planning and Conservation Council, Home Energy Magazine
For the non-JACO UEC values, the degradation factor was applied to each unit for the period of 1985 – 2005, because the Home Energy data are based on metered energy consumption in 1985.  

Gross  Savings

The gross savings for refrigerators and freezers removed from service are simply the present UEC value.  Since most of the consumption data are from when the unit was new, a degradation factor must be applied to obtain an estimate of the present UEC.  A degradation factor of 0.6% per year was selected for this study based (ICF 2003). This represents a conservative value as other programs have used values as high as 1.2% (JACO Environmental 2004).  The average nameplate UEC (no degradation) was found to be 1,233 kWh/year, while the final UEC with degradation is 1,367 kWh/year.  
Since JACO only provided kWh data for 46% of the units, a quick check was made to compare the UECs of the JACO-only units with the total database including the backfilled units.  The JACO-provided units average 1,349 kWh/year compared with the overall average of 1,367 kWh/year.  

Remaining Life

The 2004 program evaluation provided a detailed derivation of the remaining life for the Snohomish County PUD program (8 years).  The average life of a refrigerator is typically assumed to be 19 years.  However, based on units collected in this program, 77% were 19 years old or older.  Also, the average age of refrigerators removed from service is 27 years, or 8 years older that the assumed 19 year life.  

Many of the 3rd party evaluation studies and former refrigerator recycling programs use an average remaining life of between 6 and 8 years (ICF 2003).  A recent study by KEMA (KEMA Inc. 2004) based on Southern California data has derived a value of 8 years for the effective useful life (remaining life).  The distribution of refrigerators and freezers by vintage collected as part of the program is shown in Figure 1.  
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Figure 1 – Distribution of Refrigerators/Freezers by Vintage
Since the program statistics are very similar in this program as the pilot program, the 8-year life is again being used.  
Net–to-Gross Ratio (NTG)
The net-to-gross ratio is a factor that adjusts the gross savings to produce a net savings based on free-ridership, unit part-use, and other factors.  An NTG ratio of 0.54 was derived for this analysis.  This value is lower that the 0.80 used by ARCA and SMUD in 2001 (ICF 2003, Heschong Mahone 2002).  The 0.54 NTG value is in the middle of the range of 0.47 to 0.62 suggested by ICF Consulting (ICF 2003).  The City of Fort Collins Utilities also recently developed its own NTG ratio of 0.61 through a customer survey (City of Fort Collins 2005).  Data from all of these studies were utilized in the development and verification of the Snohomish PUD NTG ratio (see Table 4).  
	Table 4. - Net-to-Gross Ratio Calculation for 
Refrigerator/Freezer Recycling

	 Factors
	Adjustment

	Attribution
	Kept Unused
	6%

	
	Retired w/o Program
	7%

	
	Used Part-Time
	1%

	
	 
	Transferred out of county
	9%

	Removal Factors
	Replaced w/another used unit
	10%

	
	Replaced with new unit
	15%

	
	Space Conditioning Interaction
	5%

	
	Takeback
	5%

	 
	Net-to-Gross Ratio=>
	54%


Attribution Factors - What would have happened in the absence of a program?  (i.e., “Free Riders”):  
· Kept unused – these represent units that customers would have kept stored in the basement, garage or other location and not used them.  
· Retired without the program – these are units that would have been delivered to a landfill or permanently removed from service in some way.  
· Used part time – these are units that would have been moved from full time use to some form of seasonal or part time use.  
· Transferred outside county – these units would have been sold or given away and eventually end up in use but not within Snohomish County.  
Removal Factors – These factors reduce the gross savings of the program by the nature of what happens when the unit is removed from service.
· Replaced with another used unit – these units get replaced with other used units and therefore the net energy savings is zero. Statistics were obtained through JACO survey.
· Replaced with new unit – when a unit is replaced with a new one, the consumption of the new unit must be subtracted from the old to obtain the net savings.  The new unit consumption is assumed to be 442 kWh/yr (Energy Star).  
· Space conditioning interaction - This factor primarily affects secondary refrigerators removed from the conditioned space (and not replaced).  It also accounts for the difference in heat production between the old units and the new Energy Star units.  The impact of space heating on units not replaced was found to be 14%, while the impact on replacing and old with a new unit was found to be 4%.  The weighted average of these factors during the heating season was found to be 5%, which is the space heating interaction impact on the overall savings
· Takeback - the number of units that will be replaced with used refrigerators or freezers of similar UEC.  Takeback refers to the replacement units that were previously not contributing to the energy load in the county (i.e., either came from outside the county or from an unused status).  
4.
Cost Effectiveness
The cost effectiveness was estimated from the total program cost and the net energy savings over its life.  The total cost of implementing the program was $500,000.  This value includes the contractor costs, District-sponsored advertising fees, and District personnel administration costs. 
The resulting life cycle levelized cost for this program is: LCLC = 25.8 mills/kWh (see Table 5).  The present value savings are based on a real discount rate of 3.41% and a program net-to-gross ratio of 0.54.  
	Table 5 - Cost Summary (LCLC)

	Number of Units
	3766

	Total Cost
	 $500,000 

	Discount Rate
	3.41%

	NTG Ratio ("Free Riders")
	              0.54 

	NPV Energy Savings (kWh)
	19,405,420    

	NPV Cost ($)
	 $500,000      

	LCLC (Mills/kWh)
	25.8


5. 
Environmental Impacts 

The refrigerator/freezer recycling program has also realized significant environmental benefits.  In addition to the old CFC-12 refrigerants (in units built prior to 1994), many refrigerators built prior to 1996 have foam insulation that contains CFC-11.  The JACO process completely removes and destroys the CFC-11 from all units.  The materials collected and recycled during the program included:

· CFC-12 (Freon) – 3,712 of the units contained Freon that needed to be extracted and recycled.  
· CFC-11 – 24,491 pounds of foam insulation (represents 2,449 pounds of CFC-11)

· The other materials recycled or destroyed: 

· Metal
696,710 lbs

· Glass
5,649 lbs

· Plastic
75,320 lbs

· Oil

36,760 oz.

· Freon

28,606 oz.

· PCBs 
316 units contained PCBs
In addition to the physical materials recycled, carbon dioxide emissions are also reduced from the avoided electricity generation – approximately 9,000 tons of avoided CO2 emissions (3,766 units X 1,367 kWh X 8 years X 0.53 NTG X 0.814 lbs per kWh).
6.
Comparison to 2004 Program

The table below (Table 6) shows a comparison of the 2004 and 2005 program.  Other than the number of units, the program statistics and metrics are nearly identical.  
	Table 6.  2004-2005 Program Comparison

	
	2004
	2005

	Total Number of Units
	2604
	3766

	    - Refrigerators 
	68%
	67%

	    - Freezers 
	32%
	33%

	Average Unit Size (cubic feet)
	18.75
	17.3

	Average Vintage
	1976
	1978

	Average Age (years)
	28
	27

	Gross kWh per Unit
	1,324
	1,367

	Net-to-Gross Ratio
	0.53
	0.54

	Net kWh per Unit
	702
	734

	Annual Savings (aMW)
	0.21
	0.32

	Program Life (years)
	8
	8

	Program Cost
	$359,692
	$500,000

	LCLC (mills/kWh)
	27.6
	25.8
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� Approximate cost.  At the time this document was produced the final program costs were not available, but estimates indicate the actual will be very close to the estimate. 


� The CFC-12 refrigerant is currently re-sold into the secondary market, primarily older automotive applications.
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