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Presentation Overview

Historical Context of Appliance Recycling Program 
(ARP) Evaluation

Evaluation Methods and Issues for
• Load Impact – Gross and Net Savings
• Market Assessment
• Program Process

Data Needs and Sources
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ARP Evaluations:
Historical Context

1995: Spare refrigerators only
1999: Rules changed to allow pickups of primary 
refrigerators/freezers
2002: 
• Program offered by all IOUs in CA
• HTR goals established 
• Minimum size set for units

July 2004:  CPUC adopted rule that appliances 
must have been manufactured no later than 1990
2006: Age restriction dropped

Major Events:
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RARP Evaluations:
Historical Context

Allowing pick-ups of primary units lowered NTG 
for program (i.e., lower NTG for primary units)
Manufacture year restriction probably increased 
slightly the average UEC for appliances recycled

Effect of Program Changes:
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Evaluation Components

LOAD IMPACT 
EVALUATION

PROCESS 
EVALUATION

MARKET 
ASSESSMENT

VERIFICATION

Program Cost Effectiveness 

Avoided Cost of Energy

Non Energy Benefits

Future Program Planning
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Estimating Gross Savings:
Issues

ARP is targeted at removing old, inefficient 
working refrigerators and/or freezers from system

Program impact is defined by grid-level savings 
attributable to refrigerators and/or freezers 
removed from system because of ARP

Use of DOE Lab  UEC methodology vs. Insitu
UEC

Examining other “What-if” scenarios, depending 
on models and available population data
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Estimating Gross Savings:
Approach for 2004-05 EM&V

Unit Energy Consumption (UEC) Estimation
• DOE Protocol Lab Metering

– Predictive model with varying complexities involving unit 
characteristics available in tracking system

– Population estimates of DOE lab UEC’s

Dual Metering 
• Adding to existing data on DOE test UECs by 

incorporating DOE test data from dual metering project
Develop contingent relationship with in situ data 
collected in a dual metering project 
• Is there a relationship?
• Is it contingent upon appliance characteristics and/or 

conditions of in-situ use?
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Estimating Gross Savings:
Issues

Comparative UEC Model Results

1,662 kWh1,946 kWhKEMA, 2003 (’02 pgm)

2,058 kWh2,148 kWhAthens, 1998 (’96, ’97 
pgms)

Freezer 
UEC

Refrigerator 
UEC

Study
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Estimating Gross Savings:
Issues

Example of “What-if” Scenarios

Percent Savings 
Foregone

Percent of 
Population

Standard 
ErrorUEC

81.6%832,04814+ & Pre-1990
14.7%18.4%1061,562Exclude either

85.3%842,000Pre-1990
13.0%14.4%1311,7221990+

95.4%782,00914+

2.2%4.6%103925Small

Scenario A: 2002 Tracking Data
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Estimating Gross Savings:
Technical Approach

Step 1: Analysis of DOE Lab Test Data
• Incorporate UEC data from 200+ DOE lab tests from dual 

metering project
• Build up from existing appliance characteristics/sample 

dummy/interaction term specification

Step 2: Analysis of DOE Lab Test/In Situ Data
• Use in situ and DOE lab data points from dual metering project 

to develop regression model that provides a basis for adjusting 
DOE lab to in situ estimates of appliance consumption –
allowing for contingencies in the relationship 

Step 3: Expand Models to Population
• Expanding models from Steps 1 and 2 to the current 

population in order to estimate savings and/or to test scenarios
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Estimating Gross Savings:
Sources of Information

Library of DOE Lab tests
• n-=1173 ARCA (1990’s)
• n=136 SCE (1998)
• n=100 SCE (2003)
• n=200 Dual Metering (2005)
• Other DOE Lab test data

– WAPTAC/CEC/AHAM “As new” metering

Other Data
• Tracking Systems data
• RASS(2003), RLW CLASS (2000, 2005) data
• AHAM Shipment data
• Non participant and participant follow-up data (2002, 2003, 

2004-2005)
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Estimating Gross Savings:
Sources of Information

In situ data from Dual Metering Project
• What was monitored

– ~ 240 refrigerators
– 20 freezers

• Data collected 
– Electricity use
– Temperature in refrigerator/freezer
– Ambient (external) temperature 
– Door openings – count and duration (using lighting logger)

• Monitored for minimum of one week, up to two weeks 
• Full- year in situ UEC extrapolated from short- term 

metered data
DOE Lab test data on same units
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Estimating Net Savings:

Determine program-level savings attributable to 
ARP
In particular, what proportion of grid level gross 
savings associated with the program's operations 
are truly influenced by the program's offering of 

(a) free hauling, 
(b) incentive dollars, 
(c) environmentally responsible dismantling, and/or 
(d) the program's education of customers regarding 
inefficiency of appliances with performance problems
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Estimating Net Savings:
Issues

Overall drop in NTG 1996-2002 programs: 
0.53 to 0.35
Rise in proportion who would have discarded 
without program
0.41 to 0.86
Drop in proportion who would have continued use 
without program:  
0.45  to 0.09
Disaggregated NTG (2003): 
• Among primary refrigerators: .37  
• Among secondaries:              .65
• Among freezers:                    .73



15

How NTG Estimated for ARP

What participants would have done 
otherwise?
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How NTG Estimated for ARP
Refrigerators - Base Case
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Basis: Participant 
Survey

Disposers 
Survey

Acquirers 
Survey

Acquirers 
Survey

Participant 
Survey A x U

All 
Units 0.41 0.35

Kept Unused 4.6% 1 1.00 0.00 0.00
Kept in Use 9.0% 1 1.00 0.88 0.88
Discarded 86.4% 0.32 0.31

Destroyed 24.8% 0 0.00
Transferred 75.2% 0.43 0.41

Main 0.37 1.00 0.37
Bought New 33.8% 0.70
Bought or Fixed 
Similar 35.1% 0
Bought Worse 5.2% 0
Acquired None 6.5% 1

Spare 0.65 0.88 0.57
Bought New 5.2% 0.70
Bought or Fixed 
Similar 3.9% 0
Bought Worse 1.3% 0
Acquired None 9.1% 1

100% 100% 100%
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Estimating Net Savings:
Sources of Information

Customer Telephone Survey
• 700 participant households 
• 500 households that did not participate but that have 

acquired/disposed of a refrigerator in the past one or two 
years 

– Identify through a random-digit dialing telephone screening 
survey 

– Only households indicating that they have disposed of / 
acquired a refrigerator or freezer are interviewed in full.

Survey data from previous evaluations
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Market Assessment: 

Document customer knowledge and attitudes 
related to older refrigerators and freezers
Analyze operation of used appliance market in 
order to determine impact on energy savings 
potential for ARP
• Estimate baseline volumes of potentially qualifying units 

moving through each channel
• Identify potential to shift qualifying volume from other 

channels to ARP
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Market Assessment:

Affirm/identify barriers to ARP and prevalence of 
these barriers
Identify program design and/or marketing tactics 
that can remove barriers  
Sources of information
• Customer surveys are primary source 
• Program documents and interviews of program 

managers and operational personnel are secondary 
sources

• Appliance secondary market surveys

Refrigerators in California (2005)
Households - 12,184,000
Refrigerators - 14,503,000

Refrigerator Transferred
Households - 610,000
Refrigerators - 703,000

Refrigerators out 
of the system

420,000
60%

IOU Service Territory
Households - 9,969,000

Refrigerators - 11,976,000

Not in IOU Service Territory
Households - 2,216,000
Refrigerators - 2,527,000

RARP
82,492
12%

Working-100%

Used Appliance Dealers
Sold directly to - 2,000

Total - 67,000

Charities
33,000

5%
WK-100% 

Thrown out / Recycled
146,000

21%

Gave Away
165,000

24%

Sold
78,000
11%

Dealer Took it
174,000

25%

Sold to a 
Friend
45,000

6%
WK-94%

Sold through 
a Ad / Estate

31,000
4%

WK-100%

Dealer took it
150,000

22%
WK-63%

Traded it in
24,000

3%
WK-65%

Gave Away
132,000

19%
WK-93%

Took to 
Landfill
36,000

5%
WK-39%

Took to 
recycler/ 

scrap dealer
48,000

7%
WK-55%

Was picked 
up for junking

62,000 
9%

WK-60%

Unknown
56,000

7%

Refrigerators  
still in use

283,000
40%

Primary IOU Use
96,000
66%

Secondary 
IOU Use
49,000
34%

Other Markets in 
Use

138,000

IOU Other Transfers
Commercial / Rentals


