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ABSTRACT

The United States Environmental Protection Ageh&s( EPA) has identified the
recovery of HFC-134a, a vehicle refrigerant usetl985 and newer model years, from
End of Life Vehicles (ELVs) as a greenhouse gasciedn strategy. This analysis
estimates the amount of HFC-134a remaining in theaditioning units of California’s
population of ELVs, defined as vehicles that hagerbissued a junk title or salvage
certificate over their lifetime, to determine iffercement of federal regulations
pertaining to its removal and storage on licensgdate dismantler lots in California is
warranted. To determine the amount of HFC-134aneimg in ELVS, refrigerant
samples, including HFC-134a and its predecessdZ,Rvere obtained from 2,002 ELVs
on 30 licensed vehicle dismantler lots throughaaiifGrnia from January 2008 through
August 2009. Of these sampled vehicles, 1,340786,6vere ELVS. Across the sampled
ELVs containing HFC-134a, an average of 27% ofttacles’ total refrigerant capacity,
or 220 grams of HFC-134a, was recovered. The anmfuAEC-134a recovered from
sampled ELVs varied widely by vehicle and was niatrgyly correlated with vehicle or
geographic specific characteristics.

In order to extrapolate our sample findings toghére state, California’'s ELV

population from 2000 through 2008 was estimatedgu€ialifornia Department of Motor
Vehicle (CA DMV) registration records as well ahiae Smog Check histories. The
mean model year of the ELV population from 200@tigh 2008 was significantly
different from the sampled ELVs, though both dimitions were normal. We then
narrowed the scope of the analysis to focus otitfe frame 2005 through 2007 to better
reflect the distribution of the sample, as welttss forecasted population of ELVs going
forward. From 2005 through 2007, there were 1928 ELVs containing HFC-134a, an
average of 340,313 a year.

From 2000 through 2008, ELVs were owned by 2,10duewvehicle dismantler
locations in California as well as 487 non-dismagtbusinesses. In 2007, the most
recent year for which reliable data is availablo7of the ELV population was owned
by licensed vehicle dismantlers within Californian additional 20% of the ELV
population in California was owned by non-dismantlesinesses while 1% was owned
by dismantlers operating without a proper licenday U.S. EPA efforts to improve the
recovery of HFC-134 would be successful in regnga#9% of the ELV population.
Thus, we estimate that an average of 59,146 kgr@-#i34a remained in the air
conditioning units of ELVs at licensed Californishantlers each year from 2005
through 2007.

Each year the portion of ELVs containing HFC-13#awg by an average of 3%. The
total amount of HFC-134a remaining in ELVs on véhdismantler lots will continue to
grow and by 2012 we project that approximately 68,bg of HFC-134a will remain in
ELVs on licensed dismantler lots in California egelar. Thus, the maximum potential
benefit to any increased enforcement of U.S. ERAIleions pertaining to the removal
and storage of HFC-134a would increase from 59kt4éf HFC-134a in 2007 to 68,566
kg of HFC-134a in 2012.
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EXECUTIVE SUMMARY

Background

Under sections 608 and 609 of the Clean Air Aa,Wimited States Environmental
Protection Agency (U.S. EPA) established guideliioeshe removal, recovery, and
possible recycling of vehicle refrigerant, inclugiHFC-134a, from End of Life Vehicles
(ELVs). ELVs are vehicles that have or those Viekithat have reached the end of their
drivable lives (US EPA 1). However, there has beeaggressive enforcement of these
requirements. In order to improve the recovery chtdFC-134a, a vehicle refrigerant
used in 1995 and newer model years, the Califokiri&esources Board (CARB) has
identified enforcement of these federal requiremeasta possible greenhouse gas (GHG)
reduction strategy, though little is known abow &mount of refrigerant remaining in
ELVs.

M ethodology

This analysis estimates the amount of HFC-134airentain the ELV population of
California from 2000 through 2008 as well the p@pioin from 2005 through 2007. We
estimate the extended time frame from 2000 thrd&a§}8 in order to characterize the
entire ELV population. We then look at the popislattrom 2005 through 2007 to best
estimate the potential benefit of increased regatn the current and forecasted
population of ELVs.

We define an ELV as a vehicle that has been isayedk title or salvage certificate.
Using data from the California Department of Mot@hicles (CA DMV) and smog

check records, vehicles with lapsed registratiaoms were identified and investigated
further to determine their CA DMV status. Fronsthroup, we estimated the number of
ELVs and characterized them by CA DMV classificatiemog check results, geographic
location, and vehicle specific attributes. In arttequantify the amount of HFC-134a
within this ELV population, 2,002 vehicles were gded at vehicle dismantlers through
out the state. The 30 participating vehicle distieas were licensed by the state of
California and were members of the State of CalifoAuto Dismantlers Association
(SCADA).

Results

In order to estimate the population of ELVs, wenitifeed 39,645,818 vehicles with
lapsed registration status from 2000 through 2008this total, 8,537,707, or 22%, were
classified as ELVs. An additional 60% of vehiclesre found to have non-ELV DMV
status, and 6% went out of state. For the remgib9 of vehicles with lapsed
registration status, CA DMV has either lost tratkhe vehicle, no CA DMV records
exist for the vehicle, or multiple registrationtoises exist for VIN. These 4,426,062
vehicles with lapsed registration status were edatufrom the analysis due to lack of
accurate data, reducing the precision of the aisalys

XiX



The 8.537.707 ELVs from 2000 through 2008 were almye 2,107 different vehicle
dismantlers in California as well as 487 non-distiiag and out of state businesses.
Vehicle dismantlers operating without proper licghas required by California Vehicle
Code owned 1% of the ELV population from 2000 tlgilo@2008, while out of state
dismantlers and non-dismantling businesses owngéd 18or the remaining 11% of
ELVs, the last owner was a private individual oregtity that we were not able to
identify.

In order to best encapsulate the current ELV pdmriawe then focus on the ELV
population from 2005 through 2007. This ELV paiidn is comprised of 3,190,430
vehicles. These ELVs were owned by 1,629 vehidmadntlers in California as well as
210 non-dismantling and out of state businessésenked California dismantlers owned
79% of these ELVs, dismantlers without the propmarises owned 1%, out of state and
non-dismantler businesses owned 15%, and unideshintities owned the remaining 5%
of these vehicles. Data pertaining to vehicle awhi@ has dramatically improved in
recent years, driving the differences in theselte$wm the entire ELV population from
2000 through 2008.

Extrapolating the findings from the ELV populatifsom 2005 through 2007, any
regulation targeting recovery of HFC-134a fromtised California vehicle dismantlers
will regulate 79% of the California ELV populatiofz:rom 2005 through 2007, 1,020,938
ELVs were 1995 or newer model year vehicles, amameeof 340,313 a year. As time
passes the portion of ELVs containing HFC-134aiooes to increase. From 2000
through 2008, the ELV population containing HFC-A34creased an average of 3%
each year. From January of 2000 through Decenfli#008, the average percentage of
ELVs containing HFC-134a increased from 9% to 44%he total population. Thus.

the population of ELVs containing HFC-134a andpbgential benefit from increased
enforcement of U.S. EPA regulations will continaegtow.

Across the sample of 2,002 vehicles, 1,966 vehitdekair conditioning systems
utilizing HFC-134a. For these vehicles, the recedeHFC-134a varied widely with an
average of 27% of the total HFC-134a capacity recey. Thirty-six sampled vehicles
contained the precursor to HFC-134a, R-12 thatpiased out in 1994 model year
vehicles. An average of 10% of refrigerant capyawsis recovered from these vehicles,
again with great variation by vehicle. Focusing #éimalysis on ELVs containing HFC-
134a narrows the sample to 1,365 vehicles or 68theofotal. VVehicles containing HFC-
134a and classified as an ELV had an average ofd@beir total refrigerant capacity
recovered, however the recovered amounts variedlyahd were not strongly
correlated with vehicle or geographic specific elederistics. These vehicles had an
average HFC-134a capacity of 853 grams and 220gveaTe recovered on average.
Pursuant to CARB’s goal of improving HFC-134a resxyy extrapolating the sample
findings to the ELV population, a maximum of 26%tatfal HFC-134a capacity or an
average of 220 grams per vehicle could be recovieoad ELVs on licensed dismantler
lots in California.
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Conclusions

From 2005 through 2007, an average of 340,313 Edvdaining HFC-134a were on
vehicle dismantler lots in California each yearcréss our sample of 1,966 ELVs
containing HFC-134a, 26% of refrigerant capacity220 grams, was recovered.
Extrapolating the mean capacity and amount recovieoen the sample to this
population, we find that each year the ELV popolattontained 74,869 kg of HFC-134a.
Licensed vehicle dismantlers in California owne&o/6f the ELV population in 2007.
Thus, on average there was 59,146 kg of HFC-13#%aireng on in ELVs on licensed
dismantler lots in California from 2005 through ZO8ased on this information, the
maximum benefit of CARB increasing efforts to sugipd.S. EPA’s regulation
overseeing the removal and storage of HFC-134a limansed California vehicle
dismantlers was 59,146 kg a year in from 2005 ttind2007.

The percentage of ELVs containing HFC-134a consrtoegrow approximately 3% a
year. Thus, the maximum potential benefit to altyeased enforcement of U.S. EPA
regulations guiding the removal and storage of HB@a will increase. We project that
by 2012 there will be 68,566 kg of HFC-134a in ELarslicensed vehicle dismantler lots
in California each year.
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1 INTRODUCTION

Under sections 608 and 609 of the Clean Air Aa,Wmited States Environmental
Protection Agency (U.S. EPA) established guideliioeshe removal, recovery, and
possible recycling of vehicle refrigerant from Eofd_ife Vehicles (ELVSs), or those
vehicles that have reached the end of their drevhbés (US EPA 1). However, U.S.
EPA does not aggressively enforce these requireameémiproving the recovery rate of
HFC-134a, the mandatory vehicle refrigerant forl@®5 and newer model year vehicles,
from ELVs has been identified by the California Riesources Board (CARB) as a
possible greenhouse gas reduction strategy, thitttighs known about the amount of
refrigerant remaining in this vehicle populatiomig analysis estimates the maximum
amount of HFC-134a remaining in California’s ELVsarder to determine if
enforcement of the federal regulations pertainogs removal and recovery is
warranted.

Much of the literature regarding the emission ofld4E34a from vehicles focuses on
leakage that occurs throughout a vehicle’s lifetime2001, Winfried Schwarz analyzed
the HFC-134a levels of 641 passenger cars in Germahese vehicles were tested at
working body shops and had an average age of 34hsi0if he analysis found that an
average of 62.5% of refrigerant capacity had beshlly the time of testing (Schwarz
2001). In 2003, 276 vehicles were sampled througtiee European Union and found to
have an annual leakage rate of 52.4 grams of HHE2-18year, or 6.9% of total capacity.
(Schwarz et al 2003). Relying mainly on surveyadatllected from vehicle owners and
dismantlers staff at the California Air Resourcemigl (CARB) estimated an annual
HFC-134a loss of 85 grams across 966 vehicles @in2004). Changing their focus to
the amount of HFC-134a remaining in ELVs, CARB suemaed data from five separate
studies (including Schwarz 2003) to conclude timaderage of 17% of total HFC-134a
capacity remained in vehicles at dismantling yd@ARB 2004). The authors, however,
acknowledge that the data largely relied on regospe estimation by survey
participants rather than collected data.

The literature discussing the population of ELVd anto dismantlers has also relied
manly on anecdotal evidence and information cadléah surveys. In an analysis of
ways to reduce non-point water pollution from adiemantlers, Arbitman and Gerel
report that 700,000 ELVs are handled by licensdudcle dismantlers each year in
California (Arbitman and Gerel 2003). Relying amay data collected from licensed
auto dismantlers, the analysis also estimatedhiapproximately 1,500 licensed
dismantlers in California account for only one-thaf all ELVs recycled in the state
(Arbitman and Gerel 2003).

The focus of the following analysis represents igus nexus of the literature by
combing empiric sampling of HFC-134a from ELVs witle estimation of the ELV
population within California. Combining this dathows us to extrapolate the amount of
HFC-134a recovered from sampled vehicles to thieeepbpulation of California ELVS.






2. METHODSAND MATERIALS

The analysis is designed to estimate the amourAEaf-134a remaining in California’s
End of Life Vehicle (ELV) population. We first estated the ELV population in
California from 2000 through 2008 and identifie@ trehicle dismantlers and other
entities that handled these vehicles. We then kahtpe refrigerant levels of 2,035
vehicles on licensed dismantler lots throughouif@alia and extrapolated the sample
findings to the entire ELV population and estimatieel average amount of HFC-134a
remaining in ELVs on vehicle dismantler lots in i@ahia. The following section details
the methodology and equipment used in the analysis.

21  Endof LifeVehicle Population in California

This analysis begins with the estimation of the Eidpulation within California from
January 1, 2000 through December 31, 2008. This-year time frame allows for the
detailed characterization of the ELV population. Wen narrow the time frame of
analysis to focus on the ELV population from Jagugr2005 through December 31,
2007. This three-year period represents the negsit time frame for which complete
information pertaining to California’s ELVs was @ahle and reflects the current fleet of
ELVs as well as the demographics of the ELV popaitain the future. Both time frames
will be discussed in sections of the analysis antdrdute to our understanding of the
entire ELV population and its movement over time.

We define an ELV as a vehicle that has been isayedk title or salvage certificate by
the California Department of Motor Vehicles (CA DMVA junk title vehicle is defined
as:

One which has been dismantled because it is wreaksthdoned, or a low value
vehicle that was impounded and acquired from aoreafent agency and is no
longer operable. (CA DMV 1)

A salvage certificate vehicle is defined as:

A vehicle that has been wrecked, destroyed, or dach#o such an extent that the
insurance company considers it uneconomical to mgbairs to the vehicle and
the vehicle is not repaired by or for the persomwivned the vehicle when the
damage occurred. (CA DMV 1)

No statistics were directly available as to the hanof junk titles and salvage
certificates issued in California. Given this liatibn, we used available CA DMV
registration data to obtain information about ELOéng a two-step process. We first
looked at annual CA DMV registration records frof0@ through 2008 and identified
the cross section of vehicles whose registratiatusthad lapsed from one year to the
next. California law requires vehicle owners toaally report the operational status of



any active vehicle as either current or plannedoperational (PNOJ. A vehicle can
only legally be driven with current registrationhie a vehicle can be registered PNO if
“the vehicle will not be driven, towed, stored,parked on public roads or highways for
the entire registration year” (CA DMV 2). Thusethehicles whose registration status
changed from current or PNO to another designagpresented vehicles that could not
legally be driven and could have been issued afjtiekor salvage certificate and
classified as an ELV. Additional CA DMV registrai information was required to
determine the status of these lapsed vehicles.

From 2000 through 2008, 39,645,818 vehicles hathage in registration status. These
vehicles represented the potential population df€and their unique Vehicle
Identification Numbers (VINS) were submitted to ©MV a second time to obtain their
registration histories. These 39,645,818 VINs vgremitted to CA DMV in nightly
batches of 250,000. This was an iterative procestinually refined over the two-years
it took to submit the VINs. Table 1 outlines sobasic statistics and anomalies of the
CA DMV query results. The CA DMV did not recognizgg% of the submitted VINs.
These vehicles were not in the CA DMV databaseitkefipe fact that we had culled
these VINs from CA DMV registration records anaaé point they had been actively
registered in California. In order to reduce theant of data they store, CA DMV
overwrites the registration information of some ietds every few years, effectively
purging the registration records of millions of ieé&s? The lack of data on such a large
number of vehicles is alarming and unfortunatelywase unable to find alternative
sources for their registration histories. An aiddidl 0.8% of the submitted VINs had
information that was not usable as one VIN was@ated with more than one vehicle,.
Prior to 1982, vehicles did not have unique VINd #rus the CA DMV histories of these
older model years move across multiple vehiclek witncurrent registration rendering
the registration information useless. These VINghaeen excluded from the analysis.
Thus, a total of 2,521,503 VINSs, 6.4% of all laps&dtls, were excluded from the
analysis due to lack of reliable CA DMV registratimformation. Of all vehicles with
lapsed registration, 37,124,315 VINs had usableDBA/ query results.

Tablel: CA DMV Query Statistics

VINs Submitted 39,645,818
Multiple Vehicles for One VIN 318,322
No Information on VIN 2,203,181

The information contained in the CA DMV query résudontained the last known
registration action and owner for each submitteN.VFor a portion of the submitted
vehicles, detailed registration histories includiransfers of title, smog check due dates,

1 In addition to the two active registration statyshere are over 60 non-active registration statuse

2 This practice has been confirmed by several CA Dibrkers who say it occurs as a means to reduce
data storage costs.



and yearly registration status were also availatliles not known why registration

histories were not accessible for all the submittehicles registered in California. Table
2 shows the layout of the registration informationone VIN submitted to the CA DMV
guery on August 8, 2009. This information, as vaslithat in subsequent tables, has been
altered to maintain owner confidentiality.

Table2: Raw Data Returned from CA DMV Query

5XX1926U62161081909V 1FALP62WXSH141XX 1
5XX1926 091110 95 FORD 1FALP62WXSH141XX OAKLAND 94621 01
5XX1926 PICK N PULL AUTO DISM INC ~ 845%AN LEANDRO ST
5XX1926 01 090728 JUNK

5XX1926 31 041210 UPDATED SUBPLATE/REREG RECORD

5XX1926 071609 070809 JOE SMITH

5XX1926 1234 56TH ST APT D EMERYVILLE

ol wn

0

The first line of the query result shows the vehiatense plate followed by the VIN.
The second line details the model year and the roattee vehicle. Line three gives the
last known owner of this vehicle, in this case kmcPull Auto Dismantler. The next
two lines show the CA DMV history available forghiehicle. There are two CA DMV
actions for this vehicle, code 31, or re-registnation December 10, 2004 and code 01,
the issuance of a junk title, on July 28, 2009r d&uproximately 35% of all VINs
submitted the CA DMV a second time, there is atdormation on the vehicle’s previous
owner as shown here on lines seven and eightSduh of Emeryville was the vehicle’s
prior owner and the transfer of title occurred aly 16, 2009. These records were very
challenging to decipher, but from the immense arhofimformation we have found
seven possible outcomes for a vehicle that oncechadnt or PNO registration status:

1. The vehicle has current registration status infQatlia

2. The vehicle has lapsed registration and one ofd#Battive registration
actions is recorded as its last known status

3. The vehicle has gone out of state

4. The vehicle has PNO status and is not being driven

5. The vehicle has unclaimed registration and all et to the owner’s last
known address is returned

6. The vehicle is issued a junk title

7. The vehicle is issued a salvage certificate.

Table 3 presents an example of a vehicle thatdpeet registration and a non-active last
known registration action. This vehicle was regjisti PNO on November 12, 2006 and
there are no further registration updates, eveaghdahe vehicle should have been re-
registered in 2007. The last known action for Wil took place on July 28, 2009 when
this vehicle was issued a special license plate. ght infer from this last action that
the vehicle has been re-registered in some capé#citythe vehicle’s California
registration history does not reflect that. Fasth vehicles, it appears that the CA DMV



registration information may be incomplete or irreat but no outside source was

available to confirm the information.

Table 3. CA DMV Registration History of a Vehicle with Laps®&egistration

4GKPXXXU62161071409V 1B3EJ46X6YNIOXXXX

3XXB942 JANE DOE 1234 MAIN ST APT 2E
3XXB942 44 090728 SPECIAL LICENSE PLATES
3XXB942 69 061112 PNO-REGISTRATION DEFERRED

4GKPXXX 060826 00 DODGE 1B3EJ46X6YN1OXXXX AMEBAN CYN 94508 28

1
2
3
5
5

The goal of the analysis, and thus the CA DMV quesss to identify the ELV
population or those vehicles described by the fiwal groups of possible outcomes for

vehicles that had been currently registered acogriti the CA DMV.
however, to look at the final status and actionallb¥ehicles with lapsed registration, or
those identified as potentially part of the ELV pégiion, as these seven groupings are

It is informative,

not mutually exclusive. The name ELV is a bieahisnomer, as with few exceptions,
vehicles that have been issued a junk title oraggd\certificate can be ‘revived’ and re-

registered with a few CA DMV stipulations. Tabl®e#ers more details about the VINs

for which CA DMV registration histories were found.

Table4: CA DMV History of VINs with Lapsed Registratidtatus, 2000-2008

VINs with Lapsed Registration Status 39,645,818
VINs with Lapsed Status and CA DMV Registrationtidiges 37,124,315
Issued a Junk Title 6,840,690
Issued a Salvage Certificate 2,389,496
Registered Out of State 2,415,887
Planned Non-Operational 3,566,159
Unclaimed Registration 1,904,559
Junked Multiple Times 235,261
Junked and PNO 755,814
Junked and Registered Out of State 40,372
Junked and Salvage Certificate 457,218
Current and Paid Registration 12,553,286
Non-Active Registration Status 7,689,500




Our population of ELVs consists of the 8,537,70Migkes in the state of California that
had a lapse in registration status and were egkaed a junk title or salvage certificate
from January 1, 2000 through December 31, 2008&s@&18,537,707 vehicles were issued
a total of 9,230,186 junk titles or salvage ceséfes during this time period, as 692,479
vehicles were issued multiple junk titles or sakvagrtificates. This analysis will focus
on the number of vehicles in the ELV population aontithe total number of junk title or
salvage certificates. In the results section efahalysis we will also discuss the ELV
population from 2005 through 2007 to better chamame the current ELV population

well as looking more closely at the ELVs for thédZXalendar year.

2.2  End of LifeVehicle Population Accuracy

ELVs accounted for 22% of the total number of vidsavith lapsed registration status
from 2000 through 2008. Six percent of all velsalath lapsed registration had no CA
DMV records despite at one point having currerfPNIO registration status in the state.
These VINs could be incorrect or this could hightignissing information in the CA
DMV records? Despite having a lapse in registration statusydatitional 32% of all
VINs were found to have current registration asrtfieal CA DMV status. These
vehicles had a gap in their registration statusoate point between 2000 and 2008 but
had current registration at the time of the CA DiJiery and had paid all registration
fees through 2008. An additional 6% of all VINs hviapsed registered were registered
out of state while 9% had the final registraticatigs of PNO. Five percent of vehicles
with lapsed registration had unclaimed registratigvhile these vehicles were in the CA
DMV database they had no registration actions aydGA DMV correspondence sent to
the owner’s address was returned. A status ofaimeld registration is likely the result
of errors within the CA DMV registration recordsriaéning either to the VIN or the
vehicle’s owner.

The remaining 19.4% of vehicles with a lapse ingtegtion had one of the nearly 60
non-active CA DMV registration actions as a fin@tss. For many of these VINSs,
including the vehicle highlighted in Table 3, th& OMV registration history is
incomplete and appears to be missing key registractions. Table 5 outlines another
example of a vehicle with lapsed registration, @9lhodel year Dodge.

Table5: CA DMV History of a 1999 Dodge with Lapsed Reasion

5XXX816U62161081909V 1B3ES47C8XD1394XX 1
5XXX816 090914 99 DODG 1B3ES47C8XD1394XX  ANTA ROSA 95407 49 2
5XXX816 080825 JOE SMITH 1234 SANTA ROSA AVELA 3
5XXX816 01 040830 JUNK 5
5XXX816 46 070801 SMOG DUE 08/01/09 5
5XXX816 50 070911 TRANSACTION IN PROGRESS 5

3 VINs for which no current information was availabtere resubmitted to the CA DMV query over the
two-year period of VIN submissions to allow for $&ig status updates and to ensure that the registra
information was up to date.



The CA DMV has no information pertaining to thidwae prior to 2004 or after 2007.
Nor is there any indication of the vehicle beingegistered after receiving a junk title on
August 30, 2004, prior to receiving a smog checlAagust 1, 2007. The smog check is
the only indication that this vehicle has rejoirted population of registered vehicles.
This VIN was submitted to the CA DMV query on Apt2, 2008 and again on August 9,
2009, but no additional information was availablée lack of complete information on
such a large portion of the vehicles with lapsegisteation decreases the precision of the
analysis as we may be missing vehicles that wertedjunk titles or salvage certificates
during undocumented, or overwritten, portions @tthegistration records. This is
unfortunate, but is unavoidable given the avail&#eDMV data.

2.3 Vehicle Dismantlers

Along with estimating the ELV population, we mulgaidentify the businesses and
individuals that handle the dismantling and storaiginese vehicles. A vehicle
dismantler is defined by section 220 the CalifoMehicle Code as any person who:

(a) is engaged in the business of buying, seltinglealing in vehicles of a type
required to be registered under this code, inclydionrepairable vehicles, for the
purpose of dismantling the vehicles, who buys ts $ke integral parts and
component materials thereof, in whole or in pargeals in used motor vehicle
parts. This section does not apply to the occasiand incidental dismantling of
vehicles by dealers who have secured dealers gtateshe department for the
current year whose principal business is buyingseiiihg new and used
vehicles, or by owners who desire to dismantlemnote than three personal
vehicles within any 12-month period.

(b) Notwithstanding the provisions of subdivisi@),(keeps or maintains on real
property owned by him, or under his possessiorontrol two ore more
unregistered motor vehicles no longer intendeddoim condition for, legal use
on the highways, whether for the purpose of reshiesed parts, for the purpose
of reclaiming for use some or all of the materialegther metal, glass, fabric, or
otherwise, or to dispose of them, for any otheppse. (CA DMV 3)

In California, a junk title vehicle can be re-régiged only with a junk receipt issued
directly from the CA DMV to the vehicle owner oBil of Sale from a licensed vehicle
dismantler (CA DMV 5). Thus, if a junk title veltlecchanges hands, it is required to go
through a licensed dismantler. A junk title vetifits the description of a vehicle
“required to be registered” under Section 220 ef@alifornia Vehicle Code (CA DMV
3). Salvage certificate vehicles, are by defimtithonrepairable vehicles” and also are
“required to be registered” under Section 220 ef@alifornia Vehicle Code (CA DMV

* The overwriting of CA DMV registration records als@y result in the deletion of specific actionshivit
vehicle records as well as the deletion of entékisles from the database.



3). Thus, any person or business owning more tivae ELVs, as outlined in the
Vehicle Code is required to be a licensed vehimentler:

In order to identify vehicle dismantlers in Calrfida, we returned to the results from the
CA DMV query, as shown in Tables 2, 3, and 5. li@athree, the queries contained the
last known owner for each vehicle with lapsed regioon and a CA DMV registration
history. When available, we also looked at theialets previous owner as listed on lines
seven and eight. While 39,645,818 vehicles hasdldpegistration status from 2000
through 2008, we now focus on the ELV populatidwcordingly, we restrict the
analysis to those businesses and individuals thaed at least one vehicle that was
issued a junk title or salvage certificate from @@rough 2008. We instituted this
restriction due to the immense volume of data tbsdilted from looking at the individual
owners of the nearly 40 million vehicles with lagseqgistration. This restriction may
cause the exclusion of vehicle dismantlers thatiobtehicles through other means,
including vehicle auctions and pools. By focusamgthe vehicles that obtain junk titles
and salvage certificates from CA DMV, we are also@ding or undercounting entities
that handle vehicles without proper CA DMV docunagioin. These businesses are an
important part of the vehicle dismantler industwy bo data is available as to their
numbers or the quantity of vehicles they handleil®\these oversights are unfortunate,
given our narrow definition of an ELV and lack ddtd, they are acceptable.

The CA DMV query produced 161,682 unique addresisreame combination for
businesses and individuals that owned at leasEavefrom 2000 through 2008. Given
the large physical requirements of a vehicle digtimanoperation, we used dismantler
location as our defining unit of measure. Thudismantler may have changed
ownership or name over the nine-year period ofyamabut it if retained the same
physical address, it was indexed as one dismahthes.a corollary, two dismantlers with
the same name yet different physical addressesindeged as two distinct dismantlers.

The CA DMV query results were sorted first by thstlowner’s address and then by the
last owner’s name. Unique addresses were growgedhter and assigned a location
code. Table 6 shows how two addresses were magettediven the same location code,
while two other addresses were determined to requwio separate location codes.

Table 6: Matching Dismantler Addresses from the DMV Query

123 EAST FIRST STREET SACRAMENTO
123 1STE SAC

324 W WASHINGTON SACRAMENTO
324 E WASHINGTON SUITE 1 WSAC

® As defined in Section 220 (b), owning more than BO vehicles also requires a dismantling license,
but this falls outside the scope of the analysis.

® This methodology is supported by the data in wimigny dismantlers have more than one name to
signify different sections of their business thotigéy have the same owner and physical location.



After compiling the index of unique location codes identified and grouped vehicle
dismantlers by name. While some locations wergyedentified as a dismantler, for
example, Pick Your Part Vehicle Dismantling, otherguired additional research to
determine the nature of their business. For exantipé nature of Route 12 Automotive
Parts’ business was not readily apparent. Givahthie analysis comprises nine years,
many different names also exist at the same phyaitthess. Table 7 outlines two
scenarios, one in which different names existétleasame address and a second in
which three dismantlers with the same name werenginnique location codes.

Table 7: Matching Dismantler Names to Location Codes

DISMANTLING 789 CRANDALL LOS ANGELES
HARROLDS DISM 789 CRANDAL LA

ZIPPY CAR DISM 982 E MAIN ST FRESNO
ZIPPY CAR DISM 1127 W MAIN STREET CLOVIS
ZIPPY CAR DISMANTLING 832 CLYDE AVE FRESNO

The 161,682 unique owner address and name cominsatiere condensed down to
2,107 unique locations identified as vehicle distiess within California as well as 487
out of state or non-dismantler businesses. Theseatitlers and non-dismantler
businesses will be discussed in further detaih@Results section of the analysis.

24  Vehicle Sampling

The Foundation for California Community College€@C) partnered with the State of
California Auto Dismantlers Association (SCADA)fexilitate the sampling of HFC-
134a from vehicles on dismantler lots throughouif@aia. The sampling was
conducted by three FCCC Smog Check Refereesaaiktt in refrigerant handling and
safety procedures as outlined in the Federal régngpursuant to Section 609 of the
Clean Air Act (U.S. EPA 1). The Smog Check Refengkaced calls to participating
SCADA vehicle dismantlers to arrange appointmemtsaimple and collect HFC-134a
from vehicles. Dismantler participation was volamytand no compensation was
provided.

From January 14 to January 19 2008, two FCCC SnmaglCReferees conducted an
initial round of sampling and refrigerant collection 161 vehicles on a dismantler lot in
Antelope, California. This initial sample was intked to facilitate the stratification of
later sampling to accurately reflect the entire Ehdpulation as determined from CA
DMV registration information. The initial samplé 161 vehicles was completed using
two Robinair Cool-Tech 34134Z refrigerant recovergchines.

The Robinair Cool-Tech 34134Z recovery units wemapgliant with SAE standard

J2210, the standard for automotive refrigerantvegpand recycling at the time of the
initial sampling. SAE J2210 required a refrigersedovery rate of 80% and a recovery
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accuracy of +/- 28.34 grams (Sciance 2006). Thearkir 34134Z met or exceeded the
requirements of SAE J2210, and had a 14 kg refaigerapacity with a recovery rate of
0.2 kg/minute (Robinair 1). These units had the capability to recover HFCal@gwell

as its predecessor, R-12, which was used in pré-riftiel year vehicles. Each Robinair
34134Z was powered by a Honda EU 2000l generator.

This equipment was transported from its storagéacramento to the dismantler location
using a rental van with a lift as each recovery mrae weighed 80 kg and the generators
weighed 22 kg each. The two FCCC Smog Check Referatered the dismantler lot and
identified vehicles with enough spatial cleararaaltow for sampling and refrigerant
collection. In order to be sampled, a vehicle veapiired to have an operational front
hood and a visible Vehicle Identification Numbedl. Once a vehicle was identified
for sampling and collection, the Referee proppedhiiod open and connected the
recovery machine. The sampling took an avera@®ahinutes per vehicle, and an
average of 30 vehicles were sampled each day. ®webicle’s refrigerant was
sampled, the refrigerant was returned to the velaod the vehicle was marked for
refrigerant collection. As the amount of refrigaramms sampled, the Referees recorded
the following vehicle specific information:

VIN

License plate number (if available)

Vehicle model year

Vehicle make

Vehicle model

Vehicle type (car, minivan, pick up truck, statimagon, SUV, or van)
Vehicle engine size

Mileage (if available)

Vehicle color

10. Refrigerant type

11. Amount of refrigerant recovered

12. Vehicle refrigerant capacity

13. If the vehicle had an air conditioning system

14. If the vehicle had rear air conditioning units

15. If the vehicle was at the dismantler due to aisiolh

16. If the vehicle was at the dismantler due to atfeard collision

©CoNo~wWNE

At the end of each day of sampling, the refrigeraas collected from each sampled
vehicle. The recovery of the refrigerant took apgmately 30 minutes each day and
once the refrigerant was collected it was placénol thS. EPA approved storage bottles.
When the 20 refrigerant storage bottles were filted refrigerant was reclaimed by
Newcomb Mechanical Incorporated in Foster City,if0alia, a U.S. EPA sanctioned
refrigerant handling and disposal service.

" Full specifications of the Robinair Cool-Tech 34Z3fe available at
http://www.setonresourcecenter.com/cfr/4A0CFR/P8Z.19%M
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The second round of vehicle sampling and colledbiegan February 2, 2009 and was
conducted by one FCCC Smog Check Referee based 8an Leandro, California.
Prior to the second sampling, a new SAE standarddtomotive refrigerant recovery,
recycling, and recharge, SAE J2788, came into effitcequired a 95% recovery rate
and a recovery accuracy of +/- 14.17 grams (Sciaf0é). As the Robinair Cool-Tech
34134Z was no longer compliant with the new stathdamew refrigerant recovery
device was purchased, the Robinair 34788. LikeRibiginair Cool-Tech 34134Z, The
Robinair 34788 had a refrigerant capacity of 14kd a recovery rate of 0.2 kg/minute
(Robinair 2), and was powered by a Honda EU 20@8kgatof However, the new
Robinair 34788 did not have the capacity to sarapkécollect R-12, and thus the second
round of sampling focused on those vehicles comgiHFC-134a.

The second round of sampling took place from Falyraa2009 to August 27, 2009.
During this time frame an additional 1,874 vehickese sampled. The FCCC Referee
worked alone and visited 29 dismantler locatiomeugh out the state. Given the
geographic diversity of California’s vehicle fledte second round of sampling aimed to
sample and recover refrigerant across the entite.sHowever, due to limited travel
funds and the logistical difficulty of moving tharapling equipment, only two of the
twenty-nine vehicle dismantlers visited by this RCReferee were located in Southern
California. The other sampling locations werevathin driving distance of San

Leandro. Figure 1 presents the geographic locatidmll 30 sampled dismantlers.

8 Full Specifications for the Robinair 34788 are &alae for download at
http://cache01.voyageurweb.com/otctools.com/nevagiaroducts/539602%20E. pdf
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Figure 1: Map of 30 Sampling Locations
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The FCCC Referee contacted SCADA vehicle dismantigrphone and then drove a
rental van with a lift to the dismantler lots famnspling, often only getting same day
approval to enter the lot. The Referee enteredligraantler lot with no prior knowledge
as to the layout of the lot, nor the potential ¢#8 to be sampled. Thus the amount of
vehicles sampled varied greatly depending on ttig ilmventory of vehicles containing
HFC-134a and access to those vehicles. Duringsttuend round of sampling, an
average of 20 vehicles containing HFC-134a werepsathper day. On May 7, the
Robinair 34788 required a compressor repair. Taehime was down for four weeks and
during that period, the Robinair Cool-Tech 34134&wsed to sample vehicles, however
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only vehicles containing HFC-134a were sampléthe sampling protocol and
information recorded remained consistent throughtwo separate rounds of sampling.
During the second sampling round, the majorityhef HFC-134a was also handled by
Newcomb Mechanical Incorporated in Foster City,ifoalia. However, several vehicle
dismantlers requested that any HFC-134a recoverquidoed into their own storage
tanks. These dismantlers had secondary useseatRiC-134a recovered from the
vehicles on their lots

Through out the two sampling periods, several dekioere sampled that had
participated in the Federal car allowance rebaséesy (CARS), formerly referred to as
the “Cash for Clunkers” program. Through this peog, older vehicles with low fuel
economy were traded in for cash vouchers to be useards the purchase of a new,
fuel-efficient vehicle. These older vehicles weodd to vehicle dismantlers who were
required to destroy the engine and transmissidhesfe vehicles to ensure that they
remained off the road.

The FCCC Referees were able to identify these Coétficles and reported to have
sampled a handful of these vehicles on severareifit dismantler lots. However, these
vehicles were not recorded as being part of the EARgram and are not discernable
for the rest of the sample. These vehicles masesgmt a unique sub sample but only
constitute a small percentage of the total sampdetlaus should not bias the sampling
results.

25  Sampling Accuracy

While 2,035 vehicles were sampled from 30 licenssucle dismantler locations, 33
vehicles were sampled more than once. One velv$esampled twice in the initial
sample of 161 vehicles while the remaining 32 dewalmples occurred in the second
sampling period. The double samples have beem@ad!|from the analysis and our
corrected sample consists of 2,002 unique vehiclég majority, or 23, of the doubled
samples occurred in the Bay Area Air Quality Mamagat District (AQMD) where the
doubles were often sampled on different testingdayPlausible explanations for the
double sampling include Referees not clearly mark@ampled vehicles or Referees not
acknowledging another Referee’s marked vehiclésrias of concurrent sampling.

The VIN of each sampled vehicle was recorded byFtB€C Referee conducting the
sampling in order to link the sampled vehicleshwit CA DMV registration history. We
were able to identify 48 VINs that were recordecbimectly out of the 2,002 unique
samples. The incorrect VINs were identified usimg check digit. The™digit of the

% The vehicles sampled in the second round usingRtienair Cool-Tech 34134Z were not identified by
the FCCC Referee nor was the exact dates it wasraserded. Thus we were not able to compare the
measurements of the two different sampling andwegomachines in the field.

19 \while secondary markets for HFC-134a are a muatudised topic, no additional information was
provided by these dismantler locations as to hay tse or dispose of the refrigerant.

Y These doubles provided a check of data accuraoyalFsets of doubled samples, the information was
identical.
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17digit VIN (for all 1982 and newer model years) reggnts the remainder to an
algorithm unique to that specific VIN. If th&@ligit of the VIN does not correspond to
the remainder of the algorithm, then the VIN carm®torrect. Using other vehicle
speciqg characteristics recorded by the FCCC Refgrwe were able to correct these
VINs.

Additional errors were corrected in regards torééfegerant capacity of sampled
vehicles. The FCCC Referees were required to lgothe refrigerant capacity of each
vehicle based on its manufacturer, make, and magel For 12 of the sampled
vehicles, the refrigerant capacity was left blank ¢he author looked up the correct
values.

For 25 of the 2,002 unique sampled vehicles, thewsrnof recovered refrigerant
exceeded the vehicle’s refrigerant capacity. aheof these vehicles, the capacity was
checked and found to be accurate based on thedextwehicle specifications. While it

is likely that errors exist in these 25 casespitld be at a variety of levels and thus these
figures have not been correctédThis subset of the sample will be discussed rééu
length in the Results section of the analysis.

While other vehicle specific information may haweeh recorded incorrectly, it was not
easily identifiable. Thus, apart from the remasfbvehicles sampled more than once, 48
VIN corrections, and 12 refrigerant capacity cotiats, the analysis relies on the
original data and information as recorded by tmegelFCCC Smog Check Referees.

12 The number of VIN errors, 48, is a lower bounds snghsed on the number of VINs that were
corrected. There could be additional incorrect ¥fidr which we could not easily identify the cotr&¢N
or in rare instances when VIN errors offset theodthm and the check digit is correct.

13 possible errors include the incorrect recordingedficle specifications used to find refrigerantagzity,
HFC-134a recovery accuracy, and incorrect rechgrgfirefrigerant in these vehicles.
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3. RESULTS
3.1  Endof LifeVehicle Population

The ELV population of California from 2005 throug@07 consisted of 3,190,430
vehicles that were either issued a junk title dvage certificate. Figure 2 shows the
model year distribution for this truncated timeipdr Due to the relatively small number
of pre-1970 model year vehicles, in this and dlisaquent figures, the 1970 model year
represents 1970 and older vehicles.

Figure 2: Distribution of the ELV Population by Model Ye&005 — 2007

600,000

500,000

400,000

300,000+

Number of Vehicles

200,000

100,000

0,
I U IR SR A ZRcL e SR - S U e SRS R SN LGN al I o
ISR A AN BRSNS AN N N N N S S S S

Model Year

In describing the distribution, we measured themrmeaaverage, and the standard
deviation of the ELVs. Standard deviation is a suea of variability from the mean, and
the larger the standard deviation, the more eathptant varies from the mean. For the
ELV population from 2005 through 2007, the mean elggar is 1991 and the standard
deviation is 7. The distribution of ELVs from 208%ugh 2007 is normally distributed,
as more than 68% of all vehicles lie within onendtard deviation of the mean. Thirty-
two percent of the ELVs from 2005 through 20072985 and newer model years and
thus contain HFC-134a. A very small percentageetiicies had recorded model years
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that were not plausible given the time frame ofigsisa. These vehicles have been
excluded from Figure 2 and all subsequent figtites.

Extending our time frame to 2000 through 2008, 8,337 vehicles were issued a junk
title or salvage certificate in California and ddied as an ELV. Figure 3 shows this
model year distribution of this population of ELVs.

Figure 3: Distribution of the ELV Population by Model YeaQ@) — 2008
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The ELV population from 2000 through 2008 is distited normally with a mean model
year of 1989 and a standard deviation of 7. Twémt/percent of this population is a
1995 or newer model year containing HFC-134a. Guoing the ELV population from
2000 through 2008 to the truncated period 2005uiind@2007, the distribution and basic
statistics are not significantly different. Figu¥éooks at the number of ELVs reported
each month by the CA DMV from 2000 through 200&ie Thonthly number of ELVs
varied from a 64,617 in November of 2008 to 187,8B6August of 2007 with an average
of 105,926 ELVs across the nine-year period. FO®5 through 2007, the mean
number of ELVs per month was 143,328. Thus, wihiéemodel year distribution has not

14 Vehicles with a recorded model year of 2010 wertgbeing sold until 2009 and thus are outside the
time frame of the analysis. Thus, 2010 model yeaust be errors. Given the large dataset we watre n
able to correct each of these model years anditheg been excluded from the figures.
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varied over the nine years, the number of ELVs nggloper month has risen in recent
15
years.

Figure 4: Monthly Time Series of ELVs, 2000 — 2008
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To put these numbers in perspective, we compaee&ltV populations to the number of
vehicles with current registration in Californii.has been estimated that approximately
30 million vehicles have current registration ssatuCalifornia each year (Arbitman and
Gerel 2003). As registration status is fluid, thggire constantly changes and each day
there is a different number of vehicles with cutnesgistration. Figure 5 shows the
breakdown by model year of the 25,121,632 vehisi#is current registration status on
April 1, 2007. This date represents a typical sr@sction of vehicles with current
registration for the years 2000 through 2008. ¥haing a different date will alter the
numbers slightly, the distribution of model yeasot altered and using April 1, 2007 as
opposed to any other date did not introduce aduitierror to the analysis.

15 The low number of ELV in late 2008 could resultrfralelays in CA DMV reporting. However, these
numbers are based on CA DMV records updated thrdieyich 1, 2010 so there has been a significant lag
between the months in question and the data inquiry
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Figure5: Population of Vehicles with Current Registratiaat8s on April 1, 2007
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Vehicles with current registration on April 1, 208&d a model year mean of 1998 and a
standard deviation of 7. Model years containingCHE34a account for 75% of the
vehicles with current registration as of April D@. The distribution is not normally
distributed and is heavily skewed towards newerehgdars. Thus, while the ELV
populations from 2000 through 2008 and 2005 thra2@{®v are similar, they do not
resemble the population of vehicles with curregiseation.

The ELV population is comprised of vehicles thatdnaither been issued a junk title or
salvage certificate. Within the ELV populationftd®000 through 2008, 457,218
vehicles, 5% of the total population, had beenadduoth a junk title and a salvage
certificate. Figure 6 shows the breakdown of th¥ Bopulation into these two groups.
For the 5% of vehicles with both a junk title angadvage certificate, we count only the
last action in order to avoid double counting.

Junk title vehicles have a mean of 1988, whileagdvcertificate vehicles have a mean of
1993. Each of these distributions is normal argléhatandard deviation of 7. Only 14%
of junk title vehicles are 1995 and newer moderyeampared to 47% of vehicles with a
salvage certificate. Thus, a higher percentagalviage certificate vehicles contain
HFC-134a. While the distributions of these grogpame similar, the mean model year of
vehicles with junk titles and salvage certificades significantly different.
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Figure 6: Model Year Distribution of Junk Title and Salva@ertificate Vehicles,

2000 — 2008
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Given that ELVs comprise only 23% of the vehicleghwapsed registration and CA
DMV records from 2000 through 2008, we expandedamatlysis to include two
additional terminal CA DMV statuses; Planned Nore@pional (PNO) and out of state
vehicles. Figure 7 outlines the model year distrdn of all these two categories.
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Figure 7: Distribution of PNO and Out of State Vehicles bydébYear, 2000 — 2008
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PNO vehicles have a mean model year of 1984 wstfaadard deviation of 10. Only
15% of the PNO population was a 1995 or newer myelat while 16% were 1970 or
older. The population of out of state vehicles wary different, with a mean model year
of 1996 and a standard deviation of 9. Sixty-fp&ecent of vehicles that went out of
state were 1995 or newer model years. Both ostaté and PNO vehicles are normally
distributed, but the model year means are sigmiflgalifferent. Out of state vehicles are
much newer than PNO vehicles and most closelyatefie population of vehicles with
current registration status. These statisticsicord priori expectations that age is a
large factor in the decision to retire a vehicldéake it on a large-scale move. The out of
state vehicle population most closely resemblesagal certificate vehicles and these
classifications have statistically similar modetiyeneans. Junk title vehicles have a
mean model year similar to that of the populatibRNHO vehicles, they are 1988 and
1984 respectively.

We next compare the distribution of junk title \sagje certificate, PNO, and out of state
vehicles to that of vehicles with current Calif@megistration. To this end, we use the
number of vehicles reported by the CA DMV in eaehiele category during the 2007
calendar year. We then calculate each categorglutles as a percentage of all vehicles
with current registration as of April 1, 2007. Qoaming the annual counts to a
representative date of current registration magr éifte percentages slightly, but we are
interested in the relative change between modekyaad not the overall magnitude of
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the percentages. Figure 8 shows the four vehi¢tgoaes as a percentage of vehicles
with current registration in 2007.

Figure 8: Vehicle Categories as a Percentage of Vehiclds @urrent Registration, 2007
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The percentage of vehicles with junk titles is mstted normally around the 1990 model
year. The distribution of the percentage of sadvegrtificate vehicles remains fairly
constant over all model years and is centered ar@986'° Again, these two
populations are very distinct despite being joinader the definition of an ELV. PNO
vehicle as a percentage of currently registeredcieshare heavily skewed towards older
model years with a center of 1985. The percenthgert of state vehicles is constant
across all model years with a center of 1988.

The percentage of currently registered vehiclesgbaut of state closely reflects the
percentage of salvage certificate vehicles. Batlgories combined account for roughly
3% of vehicles with current registration as of Afri2007 across all model years. For
example, if one hundred 1990 model year vehiclesduarent registration as of April 1,
2007, there are additional three 2000 model yehicles that have either gone out of
state or received a salvage certificate during 200é percentage of junk title vehicles
most closely mimicked the distribution of the pertage of PNO vehicles as both have a
similar peak and tail off dramatically during neweodel years. In 2007, PNO and junk

18 The distribution fails the Empiric Test of Normahayth 64% of all observations within one standard
deviation of the mean when the requirement is 68%.
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title vehicles ranged from 0.6% of 2006 model yeshicles to 55% of 1980 model year
vehicles with current registration on April 1, 200hus, for every one hundred 1980
model year vehicles with current registration orriAp, 2007, there were an additional
fifty-five 1980 model year vehicles that were eitRP&O or received a junk title during
2007. The percentage of vehicles issued a jurkdibiminated the percentage of salvage
certificates issued until the 2002 model year. Za2 and newer model years, the
percentage of vehicles issued a salvage certifiwategreater than the percentage of
vehicles issued a junk title as a percentage atlehwith current registration in 2007.
Thus, while junk title and salvage certificate \@é$ are categorized together as ELVS,
they are very different populations of vehicles dederve additional, and independent
analysis.

3.2 Vehicle Dismantlers

We have identified 2,107 unique locations as vehitsmantlers within California. Each
of these locations owned at least one ELV from 20@0ugh 2008 as identified using
CA DMV registration histories. An additional 483chtion codes represented insurance
companies, vehicle auctions, out of state busisediget vehicles, and taxi services that
do not fit without our scope of vehicle dismantlerLalifornia. These non-dismantler
businesses were categorized by name and throughsex¢ web searches regarding the
nature of their business. Table 8 shows the b@akadf the final owners for the
population of 8,537,707 ELVs in California from ZDthrough 2008.

Table 8: Last Known Owner of ELVs by Category

Category Number of ELVs gﬂ;?r?e(?srsoers

California Dismantler 5,949,956 2,107

Out of State Business 111,513 33
Vehicle Auction 550,637 87

Insurance Company 883,898 59
Fleet Vehicles 99,127 26
Taxi Services 2,650 41

Private Individual and Unidentified Entities 93992 241

Vehicle dismantlers within California have beenntiféed as the final owner of 70% of
the ELV population from 2000 through 2008. Bussesswith an out of state address,
including vehicle dismantlers, were the final owsef an additional 1% of ELVs.
Vehicle auctions owned 6% of ELVs, and insuranacaganies were the final owner of
10% of the ELV population. Fleet vehicles consigtof rental car agencies, local
municipalities, and delivery services were thelfmaner of 1% of ELVs while taxi
services owned an additional fraction of a percéitr 11% of the ELV population, the
final owner was not identified as a dismantlerta tinal owner did not fit in another
category. Many of these owners were private imltligls at residential addresses or
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businesses listing an invalid address. Uncovehedinal owners of the ELVs was a
cyclical process. As we refined our techniquesamtbvered additional vehicles with
lapsed registration, we continued to submit new3/bdithe CA DMV query, refining
these statistics. The 241 unknown entities and private individualuce the precision
of the analysis as we are not able to determine lthense status or specific geographic
location. Further research is warranted in deteimgithe identity of these businesses
and individuals.

3.3 Licensed Vehicle Dismantlers

While we have identified 2,107 unique dismantl@alons in California, not all of these
locations are licensed by the state. Licensedclehkismantlers are regulated by Section
220 of the California Vehicle Code and are issuedrial licenses. These licenses
require the dismantler to be in possession of &bass license, resale permit, zoning
verification, receive a background check, and [2844n fees (CA DMV 4).

In order to differentiate the licensed dismantfeosn those without a license, we
compared the 2,107 unique dismantler locationsAdM™MV dismantler license records
provided by the State of California Auto Dismargléssociation (SCADA). SCADA
provided the list of licensed vehicle dismantlews i 2002 — 2004 and 2006 — 2009. The
records for 2000 and 2001 were unavailable andett@ds for 2005 were corrupted and
unreadable. Attempts to obtain dismantler liceng@amation directly from CA DMV
were unsuccessful.

During this time period (2002-2004, 2006-2009)44,2ehicle dismantling licenses were
issued in the state of California. These licensgsesponded to 1,396 unique dismantler
locations that owned an ELV from 2000 through 2688The remaining 711 location
codes were the physical addresses of dismantlatrsvidre not licensed by the state of
California. Table 9 compares the number of vebioned by all unlicensed and
licensed dismantler locations in California. Giwae small relative size of some
dismantler locations, Table 9 presents both thenjmaaaverage, number of junk title and
salvage certificates issued to dismantlers fronb2@@ough 2007 as well as presenting
the mean number of ELVs from the extended time &a2000 through 2008.

Y The percentage of final owners that was unideutifi@s reduced to 11% of the ELV population, down
from 18% in preliminary drafts of this analysis.

18 There are 36 dismantler location codes that hatle ticensed and unlicensed dismantler. Fohalé
cases the licensed dismantler superseded the ns¢ideand they are categorized as licensed locatides
and are counted in the 2,107 statistic.
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Table9: Breakdown of ELVs Owned by Licensed and Unli@hBismantlers,

2000 — 2008
1,396 Licensed 711 Unllcensgd Dismantlef
) . Locations
Dismantler Locations
Total Junk Titles
2005-2007 2,106,764 24,225
Mean Junk Titles
2005-2007 1,509 34
Total Salvage Certificates
2005.2007 50,423 6,645
Mean Salvage Certificates 36 9
2005-2007
Total ELVs
2000-2008 5,839,112 110,844
Mean ELVs
2000-2008 4,182 156

Throughout both time periods, licensed dismantdeations owned significantly more
ELVs than their unlicensed counterparts. Bothrigesl and unlicensed dismantlers
owned a much larger proportion of junk title vebgthan salvage certificate vehicles.
From 2000 through 2008, licensed dismantler location average owned 26 times more
ELVs than unlicensed dismantlers. While Tableckat all dismantler locations, only
dismantlers owning three or more ELVs annuallyrarpiired to be licensed. Table 10
breaks down all licensed and unlicensed dismalatations by volume to identify the
dismantlers that were in violation of section 22@he California Vehicle Code

regulating vehicle dismantlers.

For both licensed and unlicensed dismantlers tigetavolume locations, those requiring
a dismantling license, owned 99% of all ELVs owbhgdCalifornia dismantlers.
California dismantlers requiring licenses owned 68%he entire ELV population from
2000 through 2008. Of the 2,107 dismantler locettim California, 203 appeared to be
operating in violation of Section 220 of the Calif Vehicle Code by owning three or
more ‘nonrepairable’ vehicles annually (CA DMV 3)Vhile our CA DMV vehicle
dismantler registration records are incomplete2@8 of these locations owned ELVs in
years for which we can verify they were not in gssson of a valid dismantling license.
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Table10: ELV Volume Owned by Dismantlers of Varying Siz2600 — 2008

LICENSED DISMANTLER | UNLICENSED DISMANTLER

LOCATIONS LOCATIONS
License No License License No License
Required Required Required Required

1,127 locationy 269 locations| 203 locations | 508 locations

Total Junk Titles

2005-2007 2,106,111 653 23,083 1,142
Mean Junk Titles
2005-2007 1,869 2 114 2

Total Salvage Certificate

192}

2005-2007 50,310 113 6,487 158
Mean Salvage Certificatgs

2005-2007 45 0 32 0

Total ELVs

2000-2008 5,766,084 51,126 111,048 21,698

Mean ELVs

2000-2008 5,116 190 547 43

The 2,107 California dismantler locations ownedhaerage of 2,824 ELVs from 2000
through 2008, or 314 ELVs per year. The mean nurobELVS owned per year is
significantly different than the median, which & BLVs per year. The difference
between the mean and median highlights the extyeshifhe California dismantler
population. A few high volume dismantlers ownedvhst majority of ELVs. While the
average California dismantler owned 314 ELVs a yghaiocations owned an average of
more than 10,000 a year from 2000 through 2008s&Mi.1 dismantler locations owned
an average of 48% of all ELVs from 2000 through&00

The five highest volume California dismantler looas owned an average of 47,530
ELVs per year, acquiring on average 651 new ELVfgpg. As a comparison, the five
lowest volume dismantler locations (that still reqd a vehicle dismantler license)
owned an average of 4 ELVs per year. In fact, &8thantler locations owned an
average of 4 or fewer ELVs per year. Figure 9itlethe number of ELVs acquired per
day by the five highest volume dismantler locatiom$e largest California dismantler
was located in Anaheim and was part of a largencbdismantlers. This dismantler
acquired an average of 330 ELVs per day from 2668ugh 2008. During this time
frame, the dismantler owned 1,083,599 ELVs, moam tine next four highest volume
dismantler locations combined. The five highedtiree dismantler locations were all
franchised locations of different chains of disnhenst All five high volume locations
were licensed and did not change ownership fron®2Bbugh 2008. This small number
of high volume dismantler locations dominated tindusstry.
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Figure9: ELVs per Day for the Five Highest Volume Disnmant.ocations
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34  Vehicle Dismantlers by Air District

We next organized the ELV population geographictlignalyze the distribution and
movement of ELVs through out the state. We caiegdrthe 2,107 licensed and
unlicensed dismantler locations by the 35 Air Quallanagement Districts (AQMD)
and Air Pollution Control Districts (APCD) throughioCalifornia. Table 11 outlines the
Air Districts and their ELV populations.
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Table11: ELVs by Air District

Salvage
Number Air District ELVs Junk Titles | Certificates
2000-2008 | 2005-2007| 2005-2007
1 Amador County 961 408 3
2 Antelope Valley 24,055 10,618 143
3 Bay Area 812,644 240,129 5,139
4 Butte County 27,414 11,031 406
5 Calaveras County 1,017 498 5
6 Colusa County 120 16 0
7 El Dorado County 3,906 1,221 7
8 Feather River 50,244 20,301 3,654
9 Glenn County 1,285 494 11
10 Great Basin Unified 550 333 5
11 Imperial County 8,743 2,427 1,201
12 Kern County 13,032 4,941 95
13 Lake County 15,995 6,319 34
14 Lassen County 1,673 668 13
15 Mariposa County 1,095 349 7
16 Mendocino County 12,447 5,764 15
17 Modoc County 367 186 3
18 Mojave Desert 29,283 12,030 77
19 Monterey Bay Unified 132,220 46,119 600
20 North Coast Unified 22,523 9,349 101
21 Northern Sonoma County 668 287 1
22 Northern Sierra 6,723 2,211 11
23 Placer County 40,645 7,812 300
24 Sacramento Metropolitan 351,296 138,918 5,903
25 San Diego County 128,925 35,412 7,792
26 San Joaquin Valley Unified 647,601 253,053 4,630
27 San Luis Obispo County 54,588 21,476 90
28 Santa Barbara County 13,409 4,613 60
29 Shasta County 57,316 24,084 589
30 Siskiyou County 1,562 335 6
31 South Coast 3,342,225 1,207,612 22,748
32 Tehama County 27,123 15,297, 557
33 Tuolumne County 3,394 1,076 28
34 Ventura County 45,215 15,753 145
35 Yolo/Solano County 69,692 29,845 2,689

To normalize the variation in population and numddieregistered vehicles across Air
Districts, we annualized the junk title and salvagdificate vehicles from 2005 through
2007. Junk title and salvage certificate vehiglas then calculated as a percentage of
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vehicles with current registration by Air District.For this calculation we used the
32,623,268 vehicles with current registration ablofember 7, 2005. This date
represents an average slice of the CA DMV registmatecords from 2005 through 2007.
Figure 10 presents the annualized ELV populatioa psrcentage of vehicles with
current registration by the 35 Air Districts, whibhve been arranged in alphabetical
order and are represented by a numeric code thataded in the Appendix.

Figure 10: ELVs as a Percentage of Vehicles with Currenti®eggion by Air District
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Even normalizing for vehicle population, there vadarge discrepancy in the percentage
of junk title and salvage certificate vehicle amaxigDistricts. Figure 11 presents the
five Air Districts with the highest percentage onfk title vehicles. There were 211
dismantler locations within these five Northerni@ahia Air Districts and 117 of the
dismantlers were licensed. Tehama County APCD hadargest percentage of junk
titles with 7.4%. There are 10 dismantler locasiomTehama County APCD, all of
which were licensed. The high percentage of juthk tehicles is likely the result of
dismantlers pulling ELVs into the Air District rahthan an anomaly of the population of
vehicles with current registration.

19 \we did not impose the condition that the ELVs owired specific Air District must have had current
registration status in that Air District. Thus, wry be picking up on vehicles that travel in oridelpe
issued a junk title or salvage certificate. Thealeulations are presented as a representatidredltV
volume compared to the size of an Air Districtset and should not be used for magnitude calcualstio
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Figure 11: Highest Percentage of Junk Title Vehicles by Bistrict
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Figure 12 outlines the five Air Districts with th@wvest percentage of junk title vehicles.
Colusa County APCD had the lowest percentage reptieg 0.02% of its vehicles with
current registration. There were only two dismamnibcations in the Colusa County
APCD and neither had the capacity, or franchisetheotions, to pull vehicles in to the
Air District from other parts of the state. TheefiAir Districts with the lowest
percentage of junk title vehicles contained onlydignantler locations, 13 of which were
licensed. All five of these Air Districts were lted in Northern California.
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Figure 12: Lowest Percentage of Junk Title Vehicles by Bistrict
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Figure 13 presents the Air Districts with the highgercentage of salvage certificate
vehicles, the other component of ELVs. Four offthe Air Districts are the same as
those with the highest percentage of junk titleiclels. Feather River AQMD had the
largest percentage of salvage certificate vehields 0.71% of vehicles with current
registration status. Imperial County APCD haddbeond largest percentage of salvage
certificate vehicles and contained 43 dismantleations, only 9 of which were licensed.
Imperial County APCD is on the Mexican border, whimakes it difficult to decipher
legitimate dismantler locations from those thatmigctually be in Mexico. Calexico, in
particular, was an extremely difficult geographieain which to decipher legitimate
dismantling operations.
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Figure 13: Highest Percentage of Salvage Certificate VekibleAir District
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There are an additional 10 Air Districts that dat nontain one salvage certificate
vehicle from 2005 through 2007. It is likely thmainy salvage certificate vehicles
traveled through insurance companies rather tltandied vehicle dismantlers. Thus our
methodology and analysis is likely vastly underaating this portion of the ELV
population. With the exception of the Sacramentirbl AQMD, Air Districts with the
highest percentages of junk title and salvagefa=te vehicles tend to be small both
geographically and according to total ELV volum@e next analyze the five Air

Districts with the highest ELV volumes. Figure dresents junk title vehicles as a
percentage of vehicles with current registratiantifie five Air Districts with the highest
volume of junk title vehicles from 2005 through Z00
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Figure 14: Junk Title Vehicles as a Percentage of CurreRdygistered Vehicles for the
Air Districts with the Highest Volume of Junk Titiéehicles, 2005 — 2007
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These Air Districts had a range of 15,373 to 402 b8k title vehicles a year, with an
average of 125,722. South Coast AQMD had the Biglelume of junk titles, which
equaled 3% of its currently registered fleet, coragdo the high of 7.4% for Tehama
County APCD. The percentage of junk titles wasawmrtstant across the highest volume
Air Districts, and neither was the make up of tltegmantler population. Table 12
outlines the dismantler location of the five higheslume junk title Air Districts.

Table12: Five Highest Volume Junk Title Air Districts, @0 — 2007

Monterey | Sacramentc San Joaquin
o Bay Area South
Bay Unified Metro Valley Coast
Dismantler Locations 27 121 260 269 858
Percent Licensed 67% 80% 58% 64% 70%
Mean Junk Titles 170,811 114,808 92,35) 94,07 T,
Mean Salvage
Certificates 2,222 4,879 1,977 1,721 2,651
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Figure 15 details salvage certificate vehicles psraentage of vehicles with current
registration for the Air Districts with the highesilume of salvage certificates from 2005
through 2007.

Figure 15: Salvage Certificate Vehicles as a Percentageegidiered Vehicles for the
Air Districts with the Highest Volume of Salvager@gcate Vehicles, 2005 — 2007
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While the number of dismantler locations variesaaen Air Districts with similar ELV
volume, model year distributions do not. Figurésahd 17 break down the model year
distributions of vehicles with current registratistatus as of November 7, 2005 for the
five highest and lowest volume Air Districts. Wthe magnitudes vary among Air
Districts, the model year distributions are simil&igure 16 shows that the model year
distributions for the highest volume Air Districise skewed towards newer vehicles,
with 1970 and older model years comprising onlyaaerage of 2% of the currently
registered vehicles within these Air Districts.
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Figure 16: Vehicles with Current Registration as of Novembg2005 by Model Year
for the Five Air Districts with the Highest Volunoé End of Life Vehicles
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Figure 17: Vehicles With Current Registration Status ablofember 7, 2005 by Model
Year for the Five Air Districts with the Lowest Mohe of End of Life Vehicles
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The model year distributions for the five lowesturoe Air Districts show more variance
than those of the high volume Air Districts dudhie low number of total vehicles.
Thus, the distribution is not as smooth as thahetigh volume Air Districts. The 1970
and older model years comprise 5% of the vehici#s eurrent registration in these Air
Districts, double that of the high volume Air Dists. The distribution of vehicles with
current registration does not offer insight ashe difference between high and low
volume Air Districts.

There does not appear to be a strong connectiaovebatthe vehicles actively registered
in a geographic area and End of Life Vehicles. w tmmber of large volume
dismantlers dominated the industry and were oftanchises of large chains of
dismantlers. Looking within the ELV populationethumber of salvage certificate
vehicles is low relative to the number of junk derate vehicles. It does however appear
that the high volume dismantlers do seem to owh hdtigh volume of both junk title
and salvage certificate vehicles and we did nat &rspecific geographic region, or a
specific dismantler location that appeared to siee in either of these vehicle
classifications. As insurance companies and veligtgions are outside the scope of this
analysis, we may be missing a large portion ofsdlgage certificate population.

3.5 Vehicle Sampling

3.5.1 Initial Sampling

An initial sampling of 160 unique vehicles took ggafrom January 14, 2008 through
January 19, 2008. The vehicles were sampledietiased dismantler in Antelope,

California which is in the Sacramento Metro AQMBigure 18 details the model year
distribution for the 160 unique VINs comprising théial sample.
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Figure 18: Model Year Distribution for Initial 160 Sampled Meles
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The model years of the initial sample ranged fr@7dlto 2006 with a mean of 1995 and
a standard deviation of 4. Sixty-one percent efitfitial sample were 1995 or newer
vehicles. These statistics vary greatly from th& Bpopulation from 2000 through 2008,
which had a model year mean of 1989 and a starmt#asidtion of 7. Only 25% of the
ELV population from 2000 through 2008 were 1995 aadier model years, while 32%
of the ELV population from 2005 through 2007 we893 and newer model years.
Figure 19 outlines the vehicle makes for the 1@flcles in the initial sample. Ford was
the dominant manufacturer comprising 24% of thegdamThe three highest volume
makes, Ford, Chevrolet, and Honda accounted for dff¥te sample.
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Figure 19: Vehicle Make of Initial 160 Sampled Vehicles
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Vehicle Make

Figure 20 details the vehicle color for the inisaimple of vehicles. Green vehicles
comprised 25% of the sample with 40 vehicles, wivitite vehicles made up an

additional 21%.
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Figure 20: Vehicle Color of Initial 160 Sampled Vehicles
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Of the 160 vehicles in the initial sample, 125 weassenger cars. Figure 21 outlines the
vehicle type of the initial sample.

Figure21: Vehicle Type of Initial 160 Sampled Vehicles

140

120

100

80

60

Number of Vehicles

40

20

CAR PICK UP STATION WAGON Suv FULL SIZE VAN MINI VAN
Vehicle Type

40



When possible, the mileage of each sampled vehiakealso recorded. Out of the initial
sample, mileage was recorded for 123 vehicles. ofther 37 vehicles either had digital
odometers that are only visible when the car igperation or had extensive front end
damage which obscured the odometer. The mileatfeedf23 vehicles varied from
18,682, on a 1992 model year, to 403,034, a 199feiear. The mileage varied
widely with a mean of 158,151 miles and a standandation of 57,878 miles. As
highlighted in Figure 22 there is no correlatiotmeEen mileage and model year for the
initial sample. While this is counter-intuitive akler vehicles are assumed to have
higher mileage, we have no data regarding thettiateehicles entered the dismantler.
Thus, a 1981 vehicle might have entered the 1aB88 and thus have a much lower
mileage than assumed a priori.

Figure22: Mileage by Model Year of Initial 160 Sampled Velel
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Of the initial sample, 78 were at the dismantleg thua collision, 48 of which were front
end collisions’ The mean model year of these collision vehiclas #0996 with a
standard deviation of 3. CA DMV records were folioid135 of the initial 160 sampled
vehicles, which are outlined in Table 13. Sevedtg-percent of the initial sample was
issued a junk title as their final CA DMV actio@ne vehicle was issued a salvage
certificate and another was registered PNO. Thebécles had unclaimed registration,
meaning that CA DMV has lost track of these vels@ad the remaining ten vehicles
had other non-ELV registration statuses. Lookinthe entire CA DMV registration

20 These statistics rely on the observations of thEEReferees rather than data provided by either the
dismantler or found in the CA DMV records.
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histories for the initial sample, 123 of the 16Giées had ever been junked or salvaged.
Thus, 77% of the initial sample of vehicles wassified as an ELV.

Table 13: Final CA DMV Status of Initial 160 Sampled Vehicles

VINs Associated with CA DMV Records 135

Issued a Junk Title 120

Issued a Salvage Certificate 1
Planned Non-Operational 1
Unclaimed Registration 3

Other Registration Status 10

In the initial 160 sampled vehicles, 36 containetiR This 23% of the sample had a
mean model year of 1990 and a standard deviati@ diwenty-five of the vehicles
containing R-12 were passenger cars. The meamgeilef vehicles containing R-12 was
165,277 miles across the 28 vehicles with recomtimneter readings. Thus on average,
these vehicles were older and had higher mileage tiine rest of the initial sample.

The percentage of recovered refrigerant variestlgrea vehicles containing R-12 as

well as HFC-134a as shown in Figure 23. No refagewas remaining in 48 of the

initial 160 sampled vehicles. The mean recoveeddgerant for HFC-134a vehicles was
31% with a standard deviation of 30%. For vehiclastaining R-12, the mean was 9.5%
of total capacity with a standard deviation of 27%he 29 R-12 vehicles with no
refrigerant had a model year average of 1989, whéel9 HFC-134a vehicles with no
refrigerant had a mean model year of 1997. Welalsked at the correlation, or the
statistical relationship, between variables. Theeslight positive correlation between
model year and the percentage of recovered refig€r Thus, for the initial sample of
160 vehicles the percentage of recovered refrigenath model years are related.

%1 The correlation coefficient, which measures howrsgly two variables are linearly related from ztyo
one, is 0.28 for model year and percentage ofgefaint recovered. This value is low but does §igmi
relationship between the two variables.
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Figure 23: Percentage of Refrigerant Remaining in Initial B20npled Vehicles
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Figure 24 presents the percentage of refrigeraovered from the initial sample by
vehicle make. Each of the 36 vehicle makes wasadgtized and assigned a numeric
code. Please see the Appendix for detailed infaomatThe percentage recovered varies
greatly within and across vehicle makes for bottCHRB4a and R-12. There is no
correlation between the percentage of refrigeracvered and the vehicle make.
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Figure 24: Percentage Refrigerant Recovered by Vehicle Makeitdl 160 Sampled

Vehicles
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Figure 25 presents the percentage of recoveredeednt by vehicle color. Vehicle

color has been alphabetized and is representedhbgnaer, the definition of which is
available in the Appendix. There is no correlati@tween vehicle color and the
percentage of refrigerant recovered from samplédcies. The percentage of refrigerant
recovered varies greatly across vehicle color dsageawithin vehicle color for both
HFC-134a and R-12 vehicles.

44



Figure 25: Percentage Refrigerant Recovered by Vehicle Cdltrital 160 Sampled

Vehicles
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Figure 26 presents the percentage of refrigeraovexed by vehicle type. The vehicle
types have been alphabetized and assigned a nurneec which is explained in the
Appendix. The lack of correlation between varidtylee and recovered refrigerant is
evident as the percentage recovered varies gifeatbach vehicle type.
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Figure 26. Percentage Refrigerant Recovered by Vehicle Typeitél 160 Sampled

Vehicles
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Figure 27 presents the percentage of recoveredeednt as a function of recorded
vehicle mileage. Again, the percentage of refagerecovered varies greatly for
vehicles of the same mileage. There is a veryjishggative correlation between the
variables. As mileage increases, the percentagefriderant recovered decreases
slightly. But the relationship between the vargshis not significant and mileage is not
an accurate predictor of recovered refrigerant.
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Figure 27: Recovered Refrigerant and Mileage of Initial 160nked Vehicles
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Figure 28 breaks down the sampled vehicles into £ah those with other CA DMV
classifications and presents them by model yeae percentage of refrigerant recovered
from both HFC-134a and R-12 vehicles is not depende their classification as an

ELV. While there were fewer sampled vehicles thate ELVs, the percentage of
refrigerant recovered from these vehicles varissqs much as those that were issued a
junk title or salvage certificate.
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Figure 28: Recovered Refrigerant by Model Year and CA DMV &atf Initial 160
Sampled Vehicles
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As we do not have data as to the exact date eagpled vehicle arrived on the lot, we
have approximated this data using the date of ¢icle’s last CA DMV action. The
dismantler at which the sampling occurred wasdiste the final owner for 140 of the
160 sampled vehicles. Figure 28 presents the perge of recovered refrigerant and the
number of days between the sampling and the lasDRIY action. For 43 of the
sampled vehicles, the date of the last CA DMV act@s after the date upon which the
sampling occurred. For each of these vehicledaiteknown owner was the sampling

location and thus this negative elapsed time mghthe result of delays within the CA
DMV.

While there is no correlation between the percentd#gefrigerant recovered and the
length of time the vehicle spent on the dismandgrthere is a slight downward trend in
Figure 29. Thus, on average as the length of heteeen the final CA DMV action and
testing increased, the smaller the percentagefrieeant recovered. These variables are
not significantly related and the length of timeedicle has been on the dismantler lot is
does not explain the percentage of refrigerantvers.
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Figure29: Percentage Refrigerant Recovered and Days BetwastndA DMV Action

and Sampling of Initial 160 Sampled Vehicles
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Looking at the amount of refrigerant recovered uFeg30 plots vehicle refrigerant

capacity and the recovered refrigerant in gram$&é&h HFC-134a and R-12.

Vehicles

containing R-12 had a capacity from 652 grams4@4 grams, with an average of 1,003
grams and a standard deviation of 220 grams. ©rage, 89 grams of R-12 were
recovered across the 36 vehicles. HFC-134a vehieddsa capacity range from 510
grams to 2,948 grams. The average HFC-134a cygpaag 886 grams with a standard
deviation of 294 grams. On average 286 grams @&-HiB4a was recovered with a

standard deviation of 309. The values of HFC-1Ir@tavered ranged from 0
1,288 grams.
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Figure 30: Refrigerant Capacity and Recovered Refrigeranhitil 160 Sampled

Vehicles
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3.5.2 Sampling Round Two
In the second round of sampling, 1,842 unique Vesiwere sampled from 29 different

licensed dismantlers throughout California. FegBL presents the Air District
breakdown of the vehicle dismantler locations & $lecond round of sampling.
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Figure 31: Air Districts of Twenty-Nine Round Two Sampling Latens
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Fifty-eight percent of the vehicles were samplethmBay Area AQMD at 16 different
vehicle dismantlers. An additional 15% of vehioke=re sampled at five dismantlers in
the Monterey Bay Unified APCD, 15 % were sampletbat locations in the San
Joaquin Valley APCD, 10% of vehicles were sampletiva sites in the South Coast
AQMD, 13 vehicles were sampled at one locatiorha Yolo/Solano County APCD, and
a final 0.7% of vehicles were sampled at one digleaim the Sacramento Metro
AQMD. Thus, the efforts at geographic stratificatiwere quite limited. Figure 32
shows the model year distribution of the 1,842 elelsiin the second round of sampling.
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Figure 32: Model Year Distribution of 1,842 Round Two Vehicles
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The model years ranged from 1981 to 2009 with ane¢d997 and a standard deviation
of 3. This is significantly different from the meldyear distribution of the ELV
population, which had a mean of 1995 and a standiartion of 4. Figure 33 shows the
vehicle makes for the 1,842 sampled vehicles. Eoagjain the most sampled vehicle
make, accounting for 22% of the vehicles. The ésglvolume makes, Ford, Chevrolet,
and Dodge comprise 39% of the sample.
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Figure 33: Vehicle Make for 1,842 Round Two Vehicles

400

350

300

250

200

150

Number of Vehicles

100

50

= UEXOom <z &< » N>=zmmZom
§Q§%<mm80@82E<E5§ME§DEEZE£§AE<<EEQ59?
S225-42252Q2A005zE85004 XKoNEDZ2ugZoE<Do<oq
D<A 20Q02F0R §£Z203 omo<momzaoozwi:—) N >0
= m o= > A T == 2 x - S & 2 = <’%DO>

QS x<g = = Baom 4= ©] [ Z I 7 e~

<@OzA ::E a = Qs E ]

RN Z 235 B8&

o 3 2 o

Vehicle Make g

The body colors of the sampled vehicles are detaid-igure 34. Twenty percent of the
sampled vehicles were white and an additional 1#rewreen. The body color was not
known for three vehicles that were in very poorditan.
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Figure 34: Vehicle Color for 1,842 Round Two Vehicles
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The vast majority of vehicles sampled were passetays. Table 14 presents the vehicle
types for the vehicles in the second round of sargpl

Table 14: Vehicle Type for 1,842 Round Two Vehicles

Vehicle Type Number of Vehicles % of Sample
Passenger Car 1302 70.7%
Full Size Van 31 1.7%
Mini Van 193 10.5%
Pick Up Truck 93 5.0%
Station Wagon 54 2.9%
Sports Utility Vehicle 169 9.2%

Mileage was recorded for 1,086 or 59%, of the iekisampled in the second round.
The mileage ranged from 1,489, for a 1993 model, yead 55,380, for a 1997 model
year vehicle. The mean mileage was 154,715 wdtadard deviation of 53,216.

As shown in Figure 35, the mileage varies grealynodel year and there is a slight
downward trend, as newer model years tend to lawverlmileage. The mean mileage
for each model year is shown in black while eadygroint represents one sampled
vehicle. There is no statistical correlation beawéhe mileage and model year of the
vehicles sampled in the second round and variatiomean mileage by model year is
driven by the wide variation of reported mileagéhivi each model year. The 756
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vehicles for which no mileage was recorded had dahgear range from 1989 to 2009
with a mean of 1999 and a standard deviation afeé8's/

Figure 35: Mileage by Model Year for 1,842 Round Two Vehicles
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CA DMV records were found for 1,642 of the 1,84khgted vehicles. Table 15 outlines
the final CA DMV status for each of these 1,642iglds.

Table 15: Final CA DMV Status for 1,842 Round Two Vehicles

VINs Associated with CA DMV Records 1,642

Issued a Junk Title 1,180

Issued a Salvage Certificate 23
Planned Non-Operational 16
Unclaimed Registration 23

Other Registration Status 400

In the second round of sampling, 64% of vehiclessvigsued a junk title as their final
DMV action. An additional 1% of vehicles were isdglla salvage certificate while no
registration information was available for 11% loé sample. Looking at each vehicle’s
entire CA DMV history, 1,242 vehicles had eitheebéssued a salvage certificate or a

55



junk title and were classified as an ELV. Theskisles had a model year range from
1981 to 2009 with a mean of 1997 and a standarzhiil@v of 3 years. Vehicles that
either had no registration history or had nevenhssued a salvage certificate or junk
title had a model year range from 1986 to 2007 withsame mean of 1997 and standard
deviation of 3 years.

Fifteen of the 1,842 vehicles were older model ywednicles that had been retrofitted
from R-12 to HFC-134a. The model years of thetefievehicles ranged from 1989 to
1993. Figure 36 presents the HFC-134a recoveosd &l 1,842 vehicles in the second
round of sampling. The retrofit vehicles are sapat from the sample in black and had a
mean of 10% of HFC-134a capacity remaining witteadard deviation of 20%. The
percentage of refrigerant recovered from retraditicles ranged from 0% to 73% of
vehicle capacity. Given the small number of retrehicles in the rest of the analysis
we will analyze all 1,842 round two vehicles togethThe 1,827 vehicles that contained
HFC-134a and were not retrofitted had a model y&age from 1981 to 2009 with a
mean of 1997 and a standard deviation of 3. Thenmpeecentage of recovered HFC-
134a for each model is dark grey. These vehicelsam average of 27% of HFC-134a
capacity recovered with a standard deviation of 32%us, the remaining refrigerant
varied widely across the sample with a range frémt® 280% of vehicle refrigerant
capacity.

There were 24 vehicles in the second round of sagplith recovered HFC-134a over
100% of capacity. There were also 762 sampledcleshthat had no HFC-134a
remaining in the system. These vehicles had a mk2a897 with a range from 1981 to
2008 and a standard deviation of 3 years. Thereawasy slight positive correlation
between model year and the percentage of refrigesanvered from all vehicles in the
second round of samplirf§. Thus, as model year increases, or as vehiclesagein
age, the percentage of recovered refrigerant tentherease. While these variables are
related, model year alone cannot be used to prédiqtercentage of refrigerant
remaining in sampled vehicles.

22 The correlation coefficient for model year and petage of refrigerant recovered was 0.14 for vehicl
in the second round of sampling.
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Figure 36: Recovered Refrigerant of 1,842 Round Two Vehicles
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In the second round of sampling 832 vehicles wetkeadismantler due to a collision,
according to the FCCC Referees. Of these vehid@3had a front-end collision while
344 were not front-end collisions. An additionéB6vehicles had no information
regarding their collision status. Table 16 preséiné model year calculations for the
1,842 Round 2 vehicles with different collisiontstes.

Table 16: Model Year Calculations by Collision Status for428Round Two Vehicles

Category Number Mean DStandgrd Minimum | Maximum
eviation

No Collision 663 1996 2 1986 2004

Front End Collision 490 1998 3 1990 2007

Non-Front End Collision 344 1997 3 1987 2005

No Information 345 1998 4 1981 2009

The model year mean and standard deviation acliossnapled vehicles are similar

regardless of collision status. Table 17 presé@snean percentage of recovered HFC-

134a for Round 2 vehicles according to collisiatist. The mean percentage of
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refrigerant is not significantly different acro$etsample and for each collision status,
the standard deviation is greater than the measeptage of recovered refrigerant.
These calculations are unstable, as shown by ttyediweergent minimum and maximum
percentages of recovered refrigerant. Thus, is e appear from the 1,842 sampled
vehicles, that collision status affects the peragatof refrigerant remaining in ELVs.

Table 17: Recovered Refrigerant by Collision Status for 1,842ind Two Vehicles

Category Number Mean gé?/?a(igr? Minimum | Maximum

No Collision 663 20% 31% 0% 132%

Front End Collision 490 2104 31% 0% 134%
Non-Front End Collision 344 28% 31% 0% 159%

No Information 345 31% 38% 0% 280%

Figure 37 looks at the recovered refrigerant byigioh status for the 1,086 sampled
vehicles with recorded mileage. The recoveredgefant and mileage vary greatly by
vehicles with and without evidence of a collision.

Figure 37: Recovered Refrigerant and Mileage for 1,842 Round Vehicles
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There is no correlation between the percentageF@-di34a and mileage for any vehicle,
regardless of its collision statés. The mean mileage varies from 151,839 miles for
vehicles with evidence of a front-end collisionl&b,765 for vehicles with no collision
information. Thus, the mileage is very similar &irgroups of vehicles. Partitioning the
mileage of sampled vehicles into grouping of 49,88@s, Figure 38 shows that the
average percentage of recovered refrigerant daegng significantly with vehicle
mileage. Figure 38 presents the average percenfageovered refrigerant for all 1,842
sampled vehicles across all collision statusese fitmber of vehicles within each
mileage partition is given in parenthesis alonghbezontal axis and the first grouping
labeled O represents all vehicles for which no agkewas recorded. The average
percentage of recovered refrigerant varies fromfd®ehicles with 350,001 to 400,000
recorded miles to 30% for vehicles with no mileagermation.

Figure 38: Average Recovered Refrigerant Across Mileage Ramstfor 1,842 Round
Two Vehicles
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While these averages are significantly differemg, tesults are driven by the wide
variation of recovered refrigerant within each rage grouping as shown by the
difference between the mean and median valueseTi&bpresents the mean, median,

%3 The correlation coefficient varies from 0.045 648 for vehicles of different collision statuserhus,
these variables are not related and collision statnot a good indicator of the percentage ofgefant
remaining in sampled vehicles.
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minimum, and maximum values of recovered refrigefaneach mileage grouping and
shows that the mean is driven by outliers rathen th natural consensus of the data.

Table 18: Statistics Pertaining to Recovered Refrigerant Asdileage Partitions for

1,842 Round Two Sampled Vehicles

Category Number Mean Median Minimum Maximum
0 - No Mileage 756 30% 8% 0% 280%
Information

1- 50,000 Miles 29 19% 5% 0% 78%
50,001 - 100,000 Miles 109 26% 6% 0% 99%
100,001 - 150,000 Miles 380 28% 12% 0% 109%
150,001 - 200,000 Miles 385 23% 12% 0% 102%
200,001 - 250,000 Miles 139 25% 6% 0% 159%
250,001 - 300,000 Miles 31 27% 6% 0% 103%
300,001 - 350,000 Miles 10 28% 11% 0% 95%
350,001 - 400,000 Miles 1 4% 2% 4% 4%
400,001 - 450,000 Miles 2 28% 28% 0% 56%

Figure 39 presents the percentage of recovered X#@-and the vehicle make for all
1,842 sampled vehicles. As described in Sectibri 3the 37 vehicle manufacturers
have been alphabetized and assigned a numericwbdsh is detailed in the Appendix.
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Figure 39: Percentage of Recovered HFC-134a and Vehicle Make, 842 Round Two
Vehicles
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For each vehicle make there is a wide distributibrecovered HFC-134a and there is no
correlation between any vehicle make and the pe&agerof recovered refrigerant. In
Figure 38, the mean percentage of recovered refmgéor each vehicle make is shown
in black. The average percentage of recovered HB42: varies from 2% for Saabs to
57% across Suzukis. Again, while these meansigmédisantly different, they are driven
by wide variation in recovered refrigerant withiehicle makes.

Figure 40 presents the percentage of recordedjeeémt by vehicle body color. The 15
vehicle colors have been alphabetized and givamzeric code that is detailed in the
Appendix. The mean percentage of HFC-134a for gabitle color is shown in black.
The mean percentage of recovered refrigerant isigotficantly different across vehicle
colors. Vehicle color is not correlated with theqantage of recovered HFC-134a.
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Figure 40: Percentage of Recovered HFC-134a and Vehicle Galdr,842 Round Two
Vehicles
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Figure 41 outlines the percentage of HFC-134a re@al/by vehicle type. The six
vehicle types have been assigned a numeric codehvwehdetailed in the Appendix. The
mean percentage of recovered HFC-134a is showiaak.bThere was no correlation
between any vehicle type and the percentage oeeed HFC-134a nor were the mean
values across vehicle types significantly differ@rable 19 presents statistics pertaining
to the percentage of refrigerant recovered by Veltype.
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Figure4l: Percentage of Recovered HFC-134a and Vehicle Topg,842 Round Two

Vehicles
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Table 19: Statistics Pertaining to Recovered Refrigerant Asidehicle Types for 1,842
Round Two Vehicles

Vehicle Type Number Mean Sé?/?;ﬂg Minimum | Maximum
Passenger Car - 1 1302 25% 31% 0% 280%
Full Size Van - 2 31 32% 34% 0% 94%

Mini Van - 3 193 32% 36% 0% 132%
Pick Up Truck - 4 93 37% 35% 0% 167%

Station Wagon - 5 54 27% 36% 0% 148%
Sports Utility Vehicle - 6 169 32% 34% 0% 116%

Figure 42 and Table 20 details the percentage &-#H84a recovered by final CA DMV
status. For five of the six CA DMV final statugegories, the standard deviation is
greater than the mean percentage of refrigeranvezed. This shows the wide range of
refrigerant that was recovered within and acrossDBAV categories and the instability

of these values. There is no correlation betweeovered refrigerant and the sampled
vehicles final CA DMV status.
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Figure 42: Percentage of Recovered HFC-134a and Model Yedr, 8482 Round Two
Vehicles Categorized by Final CA DMV Status
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Table 20: Statistics Pertaining to Recovered Refrigerant Asreinal CA DMV Status

for 1,842 Round Two Vehicles

Vehicle Classification Number Mean Sé%?zg%g Minimum | Maximum
Junk Title 1,180 26% 32% 0% 167%
Salvage Certificate 23 30% 33% 0% 109%
PNO 16 27% 31% 0% 7%
Unclaimed Registration 23 34% 33% 0% 81%
Other CA DMV Status 400 31% 32% 0% 280%
No CA DMV Information 200 25% 33% 0% 1515%

Figure 43 presents the percentage of HFC-134a eeedand the number of days
between the last CA DMV action and the sampling dator graphical clarity two
outliers have been omitted from the graph butackided in all the calculations. The
number of days between the last CA DMV action d&ddate of sampling ranged from
-194 days to 3,364 days with a mean of 154 daysaastdndard deviation of 316 days.
There were 432 sampled vehicles that had a CA Dbt at a later date than the
sampling date. For 246 of these vehicles, the Baglocation was also the owner listed
for the last CA DMV action. For the other vehiclésere may either be errors in
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recorded dates within the registration recordfienehicles have been subsequently
‘revived’ from the dismantler and have a new ragtsbn status.

Figure43: Percentage HFC-134a Recovered and Time ElapsekBethast CA DMV
Status and Sampling for 1,842 Round Two Vehicles
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Figure 44 presents the average percentage ofeedngrecovered for vehicles based on
the time between their last CA DMV status and samgpl The average percentages are
presented in increments of 500 days and the av@egentage varied from 18% to 66%.
However these means are not significantly diffeserd there is no correlation between
the length of time between the last CA DMV actiow ghe sampling and the percentage
of HFC-134a recovered from the vehicles.
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Figure44: Average HFC-134a Recovered and Time Elapsed BetwastnCA DMV
Status and Sampling for 1,842 Round Two Vehicles
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Looking at the entire CA DMV registration historiesthe 1,842 sampled vehicles, 1,242
vehicles were classified as an ELV. The remai®i@q vehicles either had no CA DMV
registration history or were never issued a juti& tir salvage certificate. Figure 45 plots
the amount of HFC-134a recovered and the capatitgtucles classified as ELVs as
well as those that were not. Across all 1,842 slekithe HFC-134a capacity ranged
from 59 grams to 12,700 grams with a mean of 8a#ngrand a standard deviation of
421 grams. The recovered HFC-134a ranged fronaiigto 1,914 grams with a mean
of 234 grams and a standard deviation of 296 grarhe. standard deviation of recovered
HFC-134a is larger than the mean, which highlighésinstability of these statistics. For
vehicles that were classified as an ELV, the megoacity was 851 grams with a
standard deviation of 486 while the mean recovete@-134a was 216 grams with a
standard deviation of 282. Non-ELVs had a meamci&pof 872 grams with a standard
deviation of 231 and a mean recovered HFC-134&0fg2ams with a standard deviation
of 320 grams. For clarity in Figure 45, six oulithave been removed from the graph
but are included in all calculations. There idighs positive correlation between grams
of refrigerant recovered and the vehicle’s refragercapacity. Thus, as refrigerant
capacity increases the grams of refrigerant re@al/@nds to increasé.

24 Grams of refrigerant recovered and refrigerant ciphave a correlation coefficient of 0.16.
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Figure 45: HFC-134a Capacity and HFC-134a Recovered in Grams,842 Round
Two Vehicles
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Looking within the ELV classification, 1,215 vehesl were ever only issued a junk title,
15 were only issued a salvage certificate and hitles were issued both. Figure 46
compares the HFC-134a capacity and grams recoV@redch of these classifications.
Table 21 also presents the mean capacity and eedingirecovered by these
classifications.
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Figure46. HFC-134a Capacity and HFC-134a Recovered for 1Rihd Two ELVs
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The 12 vehicles that were issued both a junk ditié salvage certificate had a mean
model year of 1999 with a standard deviation off$ese vehicles had a high positive
correlation between refrigerant capacity and reced/eefrigerant.

Table21: Mean HFC-134a Capacity and Grams Recovered by We@iassification for
1,842 Round Two Vehicles

Capacity Capacity Recovered Recovereg
Vehicle Classification Number Standard Standard
Mean - Mean .

Deviation Deviation
Ever Issued a Junk Title 1215 851 grajmsgf:is 215 grams| 282 grams
Ever Issued a Salvage Certificate 15 833 grams gi:r?”ns 313 grams 396 grams

Ever Issued a Junk Title & 175

Salvage Certificate 12 789 grams grams 385 grams 472 grams

Vehicles that were issued a junk title had a meadehyear of 1997 with a standard
deviation of 3. For these vehicles there was a serall, positive correlation between

refrigerant capacity and recovered refrigerante Zi salvage certificate vehicles had a
mean model year of 1997 with a standard deviatidhyears. These salvage certificate
vehicles had a significant positive correlationviestn refrigerant capacity and recovered
refrigerant. Thus, it appears that there is angjeo correlation between refrigerant
capacity and amount recovered for vehicles thatdesh issued a salvage certificate.
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However, these results are likely driven by thelssaanple size of salvage certificate
vehicles. Across all vehicle classifications, Wide range of refrigerant capacity and
grams recovered drives the mean statistics.

Figure 47 presents the average percentage of HBGBrefrigerant capacity.
Refrigerant capacity has been portioned into graip® grams and the mean refrigerant
recovered varies from 0% to 73% across the samyabkitles. The mean values are not
significantly different across any amount of redtignt capacity.

Figure 47: Average Recovered Refrigerant Across CapacityitRaus for 1,842 Round
Two Vehicles
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3.5.3 All Sampled Vehicles

To look at the sampled vehicles by geographic lonatre now combine the initial
sample of 160 vehicles and the second round of agngomprising 1,842 vehicles.

The 2,002 unique vehicles were sampled at 30 diderdats through out California.
Figure 48 shows the model year distribution forehére sample of vehicles. The model
year ranges from 1979 to 2009 with a mean of 19@7aastandard deviation of 3 years.
There were 1,536 sampled vehicles, 77% of theeeatimple, with a 1995 or newer
model year.

69



Figure48: Model Year Distribution of all 2,002 Sampled Velesl
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Figure 49 shows the percentage of refrigerant rewal/for all sampled vehicles. The
recovered refrigerant ranges from 0% to 280% withean of 27% and a standard
deviation of 3%.
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Figure49: Recovered Refrigerant for 2,002 Sampled Vehicles
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There is a positive correlation between the peeganof refrigerant recovered and model
year. As model year increases, the percentagecof/ered refrigerant tends to increase
slightly.?® While the mean was 27% of refrigerant recovetieel median was only 8%.
The difference in these values highlights the \temmwithin these findings. Looking at
the same information, Figure 50 presents the aegragcentage of refrigerant recovered
by model year for all sampled vehicles.

25 The correlation coefficient for model year and petage of refrigerant recovered is 0.15 across all
sampled vehicles.
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Figure 50: Average Percentage of Recovered Refrigerant by Moelar for 2,002
Sampled Vehicles
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After averaging the percentage of refrigerant recedt by model year, the percentages
ranged from 0% to 83% with a mean of 21% and adst@hdeviation of 19%. Looking

at the average percentage of refrigerant recovénednedian is 22%, which is very close
to the mean. The correlation between model yedpancentage refrigerant recovered is
much stronger when computed using averdgedowever, this result can be misleading
as the mean are based on a great range of recaedrgerant within each model year
and do not represent a natural center of the data.

Figure 51 details the mileage recorded at the tfreampling for all 2,002 sampled
vehicles. Mileage was recorded for 1,209 or 60fallcampled vehicles and ranged
from 1,489 to 445,380 miles with a mean of 155,06ks and a standard deviation of
53,734 miles. There is no correlation betweereagé and the percentage of recovered
refrigerant, which is surprising as model yearfteoused as a proxy for mileage. But in
this case the two variables do not have the safeetem the percentage of refrigerant
that was recovered from sampled vehicles. Diffeesrin the mean percentage of
recovered refrigerant by mileage groupings weresigstificant and corresponded nearly
perfectly with Figure 37 in Section 3.5.2.

28 The correlation coefficient for model year and aggr percentage of refrigerant recovered is 0.58sacr
all sampled vehicles.
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Figure51: Mileage and Recovered Refrigerant for 2,002 Samykducles
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Of the 2,002 sampled vehicles, only 287 had a $egiate. Table 22 presents the mean

model year and percentage of recovered refrigéoahese sampled vehicles.

Table 22: Model Year and Percentage Recovered Refrigeratistita by License Plate

Classification for 2,002 Sampled Vehicles

Vehicle Model Year| Model Year Percentage Percentage
e Number Recovered Recovered
Classification Mean Standard ) )
Deviation Refrigerant Refngerant '
Mean Standard Deviation
License Plate 287 1996 3 38% 35%
No License | 4 215 1997 3 2506 31%
Plate

The difference in the mean percentage of refrigaxtovered is significant. A vehicle
with a license plate was more likely to have a brgbercentage of refrigerant remaining
than those vehicles without a license plate. Ttungther the vehicle had a license plate
at the time of sampling partially explains the petage of refrigerant recovered from the

vehicle. Figure 52 plots the refrigerant capacitg amount recovered for these two

groups within the sample. There is a slight, pesitorrelation for all vehicles between

the refrigerant capacity and the amount of refagérecovered.
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Figure52: Amount Recovered and Capacity in Grams by Licerag For 2,002
Sampled Vehicles
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Figure 53 details the percentage of refrigerandvered from the 2,002 sampled vehicles
by sampling location. The vehicles dismantlersehla@en assigned a numeric code in
order to preserve their anonymity.
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Figure53: Percentage Recovered by Sampling Location for 23#8pled Vehicles
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Across all sampling locations, the mean percentdigecovered refrigerant was 27%

with a standard deviation of 32%. The averageegdeage of recovered refrigerant for
each location is represented in black. The diffeesrin the means between each location
are not significant, and there is no correlatiotmeen the percentage of recovered
refrigerant and the location at which the vehickswampled. Table 23 presents the
mean number of junk title and salvage certificatmed by the 30 sampling locations
from 2005 through 2007 as well as the mean numibeLd¥s owned from 2000 through
2008. The sampling locations owned, on averagee mabVs than the average licensed
dismantler location. However, the sampling loaagiowned a much smaller volume of
ELVs compared to the averages of the 30 highesinvellocations.
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Table23: ELV Volume for 30 Sampling Locations

1,396 Licensed 30 Licensed 30 Highest Volume
Dismantler Locations| Sampling Locationg Locations
Mean Junk Titles
1,509 7,031 47,160
2005-2007
Mean Salvage
Certificates 36 89 387
2005-2007
Mean ELVs
4,167 19,561 126,656
2000-2008

The percentage of recovered refrigerant variestigraaross and within each sampling
location. Figure 54 plots the percentage of refiagt recovered by the Air District in
which they were sampled. The Air Districts haverbalphabetized and assigned a
numeric code that is detailed in the Appendix. Wean percentage of recovered
refrigerant for each Air District is shown in black
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Figure54: Percentage Refrigerant Recovered by Sampled Atri€tigor 2,002
Sampled Vehicles
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Table 24 presents the model year and percentage@iered refrigerant statistics for
each Air District. While the mean percentage ofigefrant does vary by Air District, the
standard deviation for every Air District is largbhan the mean. Thus, the differences in
the means are not significant. There is also meetagion between the recovered
refrigerant and the Air District in which the veleiavas sampled. Figure 50 highlights
the sampling imbalance that occurred as high pdipual#ir Districts specifically in
Southern California were vastly under sampled.

Table 24: Model Year and Percentage Recovered Refrigeratistita by Air District
for 2,002 Sampled Vehicles

Dt | Numbe | PeEETge RecoveriiPeroetage Reeeuerc
Bay Area -3 853 27% 31%
Monterey Bay - 19 338 26% 31%
San Joaquin Valley - 24 186 19% 29%
Sacramento - 26 275 30% 33%
South Coast - 31 337 31% 36%
Yolo/Solano - 35 13 20% 28%
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Figure 55 presents the percentage of recoveredeednt by the Air District of the last
known owner as found in the CA DMV registrationaats. While more Air Districts
are represented, the percentage of refrigeranveeed varies widely within and across
the Air Districts.

Figure55: Percentage Refrigerant Recovered by Air Distridtagt Known Owner for
1,802 Samples with CA DMV Registration Status

300

250

=
@ 200
D
>
(=]
g *
™~ *
?A} 150 *
Bl :
3 .
I . . .
@ 100 - L 4
= * * * * )
’
s i ¢ . s - R
* @
4 * * ¢
508 * e ° . +

1 23456 7 8 91011121314151617181920212223242526272829303132333435

Air District of Last Owner

There were 1,474 vehicles, or 74% of the sampleateording to CA DMV registration
records were registered within the same Air Disfioc their entire history. These
vehicles had a mean model year of 1996 with a stahdeviation of 3. These vehicles
had a mean of 26% recovered refrigerant with adstahdeviation of 32%. The 530
vehicles that either had no CA DMV registrationaets or moved through out the state
had the same mean model year and standard deviatibhad a mean of 29% refrigerant
recovered and a standard deviation of 34%. Thetilmt of the last owner was not
correlated with the percentage of refrigerant recest from any vehicle and the
difference in the mean percentage of recoveretyezfint between groups was not
significant.

Smog check records were obtained for 1,696 of @ingpded vehicles. These vehicles had
an average of five smog check inspections over thsiories with a standard deviation
of three. Figure 56 groups the sampled vehiclethely last smog check result and plots
their recovered refrigerant and refrigerant capacit
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Figure56: Recovered and Capacity Refrigerant by Last SmogkCResult for 2,002
Sampled Vehicles
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Across the sample of 2,002 vehicles, an averag@éigrams of refrigerant was
recovered with a standard deviation of 297 grafitse mean capacity was 862 grams
with a standard deviation of 412 grams. For ti8d.6 ,sampled vehicles that passed their
final smog check, the mean capacity was 869 graitiisarstandard deviation of 452
grams and the average amount recovered was 238& gvilna standard deviation of 295
grams. The 111 vehicles that failed their finabgnecheck had a mean capacity of 853
grams and a standard deviation of 261 grams anelaa mecovered amount of 206 grams
with a standard deviation of 287 grams. The cati@h between refrigerant capacity and
refrigerant recovered was highest for vehicles thiéed their final smog check. Though
on average a higher amount of refrigerant was re@alvfrom vehicles that passed their
last smog check. Table 25 presents the averageersd refrigerant by final smog

check status for each of the sampled vehicles. stdredard deviation for each group was
larger than the mean highlighting the instabilityleese results.
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Table 25: Model Year Statistics by Final Smog Check Statuf602 Sampled Vehicles

Final Smog Check Status  NumbpPercentage RecovergdPercentage Recovered
Abort 64 26% 32%
Fail 111 24% 32%
Pass 1,516 27% 32%
Tamper 4 36% 40%
No Smog Check Info 307 26% 32%

Figure 57 plots the percentage of recovered refigeand the number of days between
the sampled vehicle’s last smog check and the saghgate. Four outliers have been
omitted from the graph for clarity but are includadill the statistics. Nineteen of the
sampled vehicles have a smog date later thanghmipling date. There are also six
outliers with a last smog check date in 2012, wlaighobvious data errors. There is a
slight negative correlation between the lengthraktbetween the last smog check and
the date of sampling. Thus, as the number of dagsseen the last smog check and the
sampling increases, on average the percentagemfared refrigerant decreases. This
correlation is not strong however, and there isigaificant difference between the mean
percentage of recovered refrigerant for differenbants of time between the last smog
check and sampling.
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Figure57: Percentage Recovered and Days Between Last Smax @hd Sampling

for 1,695 Sampled Vehicles with a Smog Check Record
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The smog check records also provide the mileaglieeotampled vehicle. The mileage
recorded at the last smog check inspection fod {685 vehicles with smog check
histories. Table 26 compares the mileage recoatlitke last smog check of these
vehicles to those vehicles for which mileage wasmed at the time of sampling.

Table 26: Mileage Statistics for Vehicles with Recorded Mdea

Vehicle Classification Number Mean Stand_ard Minimum | Maximum
Deviation

Vehicles with Smog Check Mileage 1,695 136,80462,877 0 990,010

Vehicles with Mileage at Sampling 1,209 155,06457,734 1,489 445,380

While the smog check records provide mileage eg#@mfor a larger number of vehicles,
they do not appear to be as stable as the milemgeded at the time of the vehicle
sampling. This is apparent in Figure 58 which pngs the percentage of refrigerant
recovered and the mileage recorded at the timleeo¥é¢hicle’s last smog check
inspection. Fifteen outliers have been removenhffagure 58, but it is still extremely
scattered. Mileage recorded at the time of thegsaheck is not correlated with the
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percentage of refrigerant recovered from vehiales,is mileage or any sort a significant
factor in predicting recovered refrigerant.

Figure58: Percentage Recovered and Mileage Recorded at basy Sheck Inspection
for 1,697 Sampled Vehicles with a Smog Check Record
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4, DISCUSSION
4.1  Auto Dismantling and Recyclingand ELV's

Initially it was assumed that the population of B Would be a good approximation for
the vehicle inventory on dismantler lots through@atifornia, but that was not the case.
Within our sample, 1,365 of the 2,002 total velsaleere classified as End of Life
Vehicles (ELVS). Thus, ELVs comprised only 68 %tué sampled vehicles. From these
results, we know that all dismantled and recyclekicles are not classified as ELV. As
reported in the characterization of the ELV popolain Section 3.1, we also found that
not all ELVs are dismantled or recycled as theylmamne-registered, driven out of state,
or disappear from CA DMV records. Thus, our tapggbulation and the sampled
vehicles do not completely correspond to one amothe

This discrepancy between the sampled vehiclestanthtget population is the result of
data limitations. As no data describing the ineenof vehicle dismantlers was
available, we estimated the population of ELVsiedily using CA DMV registration
records. While we were able to extract detailednmifation from the ELV population we
analyzed, we failed to account for the 32% of sampikehicles that were not classified as
ELVs but were on vehicle dismantler lots. The pgatse non-ELVs took before
reaching the dismantler is unknown and represeskt®ecoming of the analysis.
However, the analysis and the findings are robmustife ELV population we estimated
and we feel that the overlap between the ELV pdmrand the sampled vehicles is
sufficient that the results of the analysis camxteapolated to similar research questions
with confidence. However, further research int® dlternative ways that vehicles come
to dismantlers such as vehicle auctions and liemgarranted and will strengthen this and
subsequent analyses.

4.2  End of LifeVehicle Population

From 2000 through 2008, 39,645,818 vehicles haghsel in registration status. Using
the CA DMV registration query, 8,537,707 of theshicles were classified as ELVs.
The model year distribution of the ELVs ranged frd&v9 to 2009 with a mean model
year of 1997. From 2000 through 2008, 75% of th¥ [pbpulation had a model year of
1994 or older. The use of HFC-134a in vehiclecamditioning systems became
mandatory beginning in 1995 model year vehiclesisTwe can confirm that only 25%
of the ELV population contained HFC-134a. Thisreate represents the lower bounds
as some older model year vehicles may have besgiirétom R-12 to HFC-134a.
Additionally, the phase-in of HFC-134a was notam&aneous, and several manufacturers
instituted the use HFC-134a in older model yeaicleb. This result varies greatly from
sampled vehicles, 77% of which were 1995 and nengetel years.

By restricting the ELV population to only vehiclesntaining HFC-134a, we reduce the
population to 2,098,887 vehicles with a mean ofal88d a standard deviation of 10
years. Focusing on this portion of the ELV popolabetter reflects the 2,002 sampled
vehicles, which had a mean model year of 1997 astdradard deviation of 3 years.
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Figure 59 shows the model year distribution for2t@98,887 1995 and newer model
year ELVs.

Figure59: Model Year Distribution for 1995 and Newer ModelardLVs,
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There were 1,340 sampled vehicles that contained-H¥4a and were classified as an
ELV. Across these ELVs, 294,776 grams or 295 kglle€-134a was recovered. These
vehicles had an average refrigerant capacity ofgg&ss with an average of 220 grams
recovered. Thus, on average 26% of HFC-134a dgpaas recovered from each
sampled ELV containing HFC-134a. Assuming the dathpehicles are representative
of the ELV population, we can extrapolate thesdifigs to the population of 1995 and
newer ELVs. Based on this information, from 200@tlyh 2008, 461,718 kg of HFC-
134a was remaining in ELVs on vehicle dismantlés Ino California®’

While vehicles containing HFC-134a accounted fdy @%% of total ELVs from 2000
through 2008, their numbers have increased stetdibpighout the time frame. Figure
60 presents the monthly percentage of ELVs comgiriFC-134a from 2000 through
2008.

%" Based on the magnitude of these numbers, diffeemolts can be found using the raw amount of
recovered HFC-134a, the average amount recovemddha average percentage recovered. My
calculations are based on the raw amount of HFGx18dovered from the 1,340 vehicles and extrapiblate
to the population of 2,098,887 vehicles.
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Figure 60: Percentage of 1995 and Newer Model Year ELVs, 202008
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Each year, the percentage of ELVs that are 1995%an@r model years, and thus contain
HFC-134a, increases. In January of 2000, only 988l &LVs were 1995 and newer
model years, but in December of 2008, that figureé tlimbed to nearly 44%. Not
surprisingly, as the 1995 and newer model yearclkehiage, a higher proportion become
ELVs. On average, the percentage of 1995 and neiwés reported to CA DMV
increased 0.25% a month, or 3% a year. Extrapgjdliis forward and including all
ELVs from 2000 onwards, ELVs containing HFC-1344 waach 50% of the total
population in 2022. Reducing the scope to mimécriime-year time frame used in the
analysis, it will take until 2015 for 50% of all &Is (2007 through 2015) to contain
HFC-134a%® Using these calculations, in 2023, 99% of the Fidpulation will be 1995
and newer model year vehicles. Thus, the impaklF@Z-134a in ELVs and subsequent
regulation will not fully be realized for many ysao come.

Figure 61 looks at the fleet of ELVs by the vehstlage at the time the vehicle was
issued a junk title or salvage certificate by CA WMEach year from 2000 through
2008, the average age of ELVs has increased oagedéy two months. In 2000, the
average age of an ELV was 14 years 9 months. 08,20e average ELV was 16 years,

28 This is based on a 3% increase of ELVs containir@+134a each year based on data from the nine
year period, 2007 through 2015.
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5 months old. Thus, while the percentage of 198breever vehicles is increasing at
about 3% per year, the population of ELVs is afséasing in age,

Figure6l: Age of ELV Population, 2000 — 2008
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While we are able to estimate the average ageloties and forecast the percentage of
1995 and newer model year ELVs into the futurehasee no data regarding the length of
time that ELVs are physically on dismantler lolsis entirely possible that ELVs
reported in 2000 are still sitting on dismantleéslm California, or they could have been
re-registered the following year. Thus, it is iifflt to determine the appropriate time
frame for the ELV population. On average, thereeniel 7 days between the last CA
DMV action and the date of sampling for ELVs coniag HFC-134a. The average
number of days between the date of sampling anthstelate that an ELV with HFC-
134a was issued a junk title or salvage certifieeds 143 days. Three sampled ELVs
containing HFC-134a had been issued their moshtgaek title or salvage certificate
prior to 2000. Of the 1,340 sampled ELVs contairit+C-134a, 46 were issued their
most recent junk title or salvage certificate ptm2007. Thus, while the majority of
sampled ELVs were reported to the CA DMV within ffest year, a portion of vehicles
have been classified as ELVs for quite some titdefortunately, there is no way of
knowing how long a vehicle was on the dismantlépkior to testing, nor how long they
remain on the lot after the testing was compl&sg.analyzing the ELV population from

29 The increasing age of ELVs can be patrtially trattedeconomic recession of 2008 and 2009.
Historically, in economic downturns, drivers hold t older vehicles longer, thus increasing theafge
driving fleet as well as ELVs.
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2000 through 2008, we are maximizing the numbétlofs within the population but

run the risk of counting vehicles that have beereggstered since the issuance of a junk
title or salvage certificate. While our definitiohan ELV does not preclude vehicles
that have been re-registered from the analysis,jiformative to look at a recent,
narrower time frame to analyze the effects of reimgthese vehicles from the
population.

4.3  Characterization of ELVsand Dismantlersfrom January through December
2007

We now focus on the vehicles that were issued kfjtie or salvage certificate during
20072° Figure 62 presents the model year distributioBl0¥'s reported to the CA DMV
in 2007. Model years ranged from 1970 to 2008 withean of 1991 and a standard
deviation of 7 years. For the population of ELSsued in 2007, 31% were 1995 and
newer model years. Thus, 31% of this ELV populatontained HFC-134a. Table 27
compares these statistics to the other ELV timeésin the analysis, 2000 through 2008
and 2005 through 2007.

Figure 62: Distribution of ELV Population by Model Year, 2007
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30 Vehicles issued junk titles and salvage certifisate2008 and 2009 are still being reported toGhe
DMV, thus 2007 was the most recent year in whichaveeconfident that the ELV population is accurate.
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Table27: Model Year Statistics for ELV Populations Acrossy¥ag Time Frames

ELV Time Frame Number Mean g;%?aﬂfgg 1323\/2?(1
2007 1,952,338 1991 7 31%
2005 - 2007 3,190,430 1991 7 32%
2000 - 2008 8,537,707 1989 7 25%

Narrowing the time frame of analysis does not digamtly alter the model year statistics
or the percentage of ELVs that contain HFC-134&urthermore, removing vehicles that
were issued a junk title or salvage certificat®pto 2007 does not change the
distribution of the ELV population. The increasiagerage age of ELVs has also
attributed to the percentage of 1995 and newerclehremaining fairly constant across
the differing time frames. We believe that bagedhe stability of the model year
distribution that using the largest time frame, @@@ough 2008 is appropriate in
describing the ELV population. Using this timenfra minimizes the chance that we are
undercounting ELVs that have been on vehicle disglmalots of long periods of time, as
highlighted by our sample of vehicles.

However, when looking forward and forecasting theant of HFC-134a remaining in
ELVs, we feel that focusing on a more recent tinagne is more suitable. While the
distribution of ELVs has not changed, the numbeElo¥s has increased over time.
From 2000 through 2008, an average of 948,634 Bi&fte reported each year.
Narrowing the time frame from 2005 through 2007aaerage of 1,063,477 ELVs were
reported to CA DMV each year. In 2007 alone, 1,982 ELVs were reported to CA
DMV. This growing number of ELVs is due in largarpto the greater availability and
reliability of CA DMV data in recent years. Thuweghile the reported number of ELVs
has jumped in recent years, we believe this iangd part due to better data and records,
rather than an increase in the number of ELVs.rdas a very large jump in reported
ELVs between 2006 and 2007. Thus, despite 200¥Wgtibe most recent year with
reliable ELV population data, we will use the satis from 2005 through 2007 when
forecasting the amount of HFC-134a remaining inpbeulation into the futur&.

From 2000 through 2008, we identified 2,107 vehditanantlers in California that
owned at least one ELV. During 2007, 1,629 Catifavehicle dismantlers owned at
least one ELV. Table 28 presents the breakdowmaf éwners for the population of
1,952,338 ELVs reported to CA DMV in 2007.

31 Looking at the ELVs reported for 2008, 35% were3.88d newer model years. For ELVs reported in
2009, 40% were 1995 and newer model years. AgfaénELV population for these years has not been
fully reported, and these figures are offered @dyough estimates of the true statistics.

32 There was a 98% increase in the number of ELVsrtegao CA DMV between 2006 and 2007. This is
vastly different from the average yearly increakgldo across the entire time frame.
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Table28: Last Known Owner of ELVs by Category, 2007

Category Number of ELVs gﬂgﬁ;éﬁs
California Dismantler 1,560,735 1,629
Out of State Business 4,824 21
Vehicle Auction 86,803 87
Insurance Company 187,799 56
Fleet Vehicles 9,726 19
Taxi Services 1,850 27
Private Individual and Unidentified Entities 100060 137

Vehicle dismantlers within California owned 80%tloé ELVs in 2007. An additional
10% of ELVs were last owned by insurance compa#i#shy private individuals and
unidentified businesses, and 4% by vehicle auctidige remaining 1% was last owned
by other businesses and fleets. From 2000 thr@0gB, 70% of ELVs were owned by
California vehicle dismantlers, as shown in Tabla 8ection 3.2. Thus, we are able to
identify a greater percentage of dismantlers foasin 2007. Table 29 presents the
volume of ELVs owned by dismantlers of varying siz007.

Table29: ELV Volume Owned by Dismantlers of Varying Size0Z0

LICENSED DISMANTLER UNLICENSED
LOCATIONS DISMANTLER LOCATIONS
License No License License No License
Required Required Required Required

1,127 locations] 109 locations 194 locations| 113 locations

Total Junk Titles 1,463,295 166 12,751 170
Mean Junk Titles 1,206 1 65 1
Total Salvage Certificates 82,015 29 2,284 25
Mean Salvage Certificates 67 0 11 0
Total ELVs 1,545,310 195 15,035 195
Mean ELVs 1,273 1 77 1

During 2007, 1% of ELVs were owned by a dismarithet was operating outside the
California Vehicle Code. Thus, a California disrt@noperating legally owned a total of
79% of the entire ELV population during 2007. Ti82! illegally operating dismantlers
owned an average of 77 ELVs during 2007. Largemal, licensed dismantlers owned
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the majority of ELVs in 2007, with an average d@73. All legally operating California
dismantlers owned an average of 1,145 ELVs durb@y?2

From 2000 through 2008, we were unable to idenitié/final owner of 11% of all ELVs.
For the year 2007, this number had dropped to 58at@r information pertaining to
licensed dismantlers and geographic locationstesancreased the precision of the data.
We feel that this data will only continue to impeoand will use the final owner statistics
from the ELV population of 2007 in all subsequealtalations regarding the final owner
of ELVs.

4.4  Vehicle Dismantler Accuracy

Vehicle dismantlers in California were the finalmav of 70% of the ELV population
from 2000 through 2008. We identified 2,107 unigdismantler locations in California,
99% of which were licensed in satisfaction of sac220 of the California Vehicle Code.
There were 203 unlicensed dismantlers that owrtethbof 111,048, or 1%, of the ELV
population from 2000 through 2008. Thus, licengelicle dismantlers in California
owned 69% of the ELV population from 2000 throu@l®2. In the year 2007, licensed
vehicle dismantlers in California owned 79% of BieV population. This change is the
result of increased data and the ability to bettak vehicles and owners over time.
There is much discussion in the dismantling indquabout the role of these unlicensed
and illegally operating dismantlers, as they aresnbjected to the same environmental
regulations as their licensed counterparts. Wthise 203 dismantlers in violation of
California Vehicle Code owned a small portion of 8LV fleet from 2000 through
2008, their procedures for handling and disposinggbicle refrigerant are unknown.
Their impact on the total volume of ELVs may be Jdwt their environmental impact
could be quite large.

While the final owner of 70% of ELVs from 2000 tkugh 2008 was a California
dismantler, an additional 11% of the ELV populatwas last owned by either a private
individual or a business that we could not identifjhese 241 unique locations owned a
total of 939,926 ELVs from 2000 through 2008. Detigring the license status of these
unknown locations is vital in order to correctlyachcterize the vehicle dismantling
industry and identify entities operating outside lw. Thus, further analysis, including
sampling vehicle refrigerant at unlicensed disnartcations and identifying all entities
that owned ELVs is warranted to improve the analySiomparing our findings to the
relevant literature, Arbitman and Gerel (2003) méga that licensed dismantlers account
for only one-third of all ELVs recycled in the statWhile our results do not mimic these
findings, the study relied on anecdotal reportirogTt dismantlers and thus the analysis
may have been based on proprietary inventory redordvhich we have no data.

Another source of concern with regards to illegalberating dismantlers is that our ELV
estimates are based only on CA DMV registratiooms. It can be assumed that many
dismantlers operating outside the California Vehicbde do not follow CA DMV
registration protocol for reporting junk title asdlvage certificate vehicles. Thus, we
may be missing large quantities of vehicles anthdistlers that are moved through other,
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non CA DMV channels. Similarly, the CA DMV regiations records themselves also
present issues. Out of all VINs that were fountdwee lapsed registration, the CA DMV
had no information on 2,204,181 VINs. An additibh®04,555 vehicles had unclaimed
registration and 318,322 VINs has registration rés@cross multiple vehicles. Thus,
we were not able to identify the registration statti4,426,062 vehicles, 12% of all VINs
with lapsed CA DMV registration. Identifying théstories of these missing VINs
strengthens the analysis and also will be vitadlemtifying illegally operating
dismantlers.

45  Vehicle Sampling

While vehicles were sampled from diverse geograpdgmons, the density of samples
does not reflect the ELV or the population of vésawith current registration in
California. Approximately 40% of vehicles with cent California registration status are
registered in the South Coast AQMD, yet this Aistict represents only 8% of all
sampled vehicles. Similarly, the Bay Area AQMD @1ie to less than 2% of registered
vehicles but represents 53% of sampled vehicldégesd stratification issues were caused
by limited access to dismantler locations as weliravel and time restrictions. This
represents a shortcoming of the report, espeajallyn that 74% of all sampled vehicles
were registered within the same Air District oveeit entire registration history.

Table 30 presents the final CA DMV status for thére sample of 2,002 vehicles. No
CA DMV registration records were found for 225 wa&es. This could be the result of an
incorrect VIN, missing information within the CA DWIregistration records, or the
vehicles could have been brought to a dismantten fout of state. Sixty-five percent of
all sampled vehicles were issued a junk title ag fimal CA DMV action. Only 944 of
these vehicles had the sampling location listeith@is last owner in the CA DMV
records. We lack data pertaining to dismantleemury and vehicle acquisitions and
thus have used the CA DMV registration records poay. Given that the 1,300
vehicles that were issued a junk title as their @& DMV action were sampled on
dismantler lots, the sampling location was the avaiall these vehicles. Thus, using
CA DMV records is not a perfect approximation floe inventory of vehicle dismantlers.
Obtaining data directly from dismantlers would iioye the precision of the analysis and
would be critical in any extensions of the curnergearch.

An additional 24 vehicles were issued a salvaggficate as their final CA DMV action.
Only one of these vehicles had the sampling londisted as the last known owner in the
CA DMV records. Again, we are missing data regaydow these vehicles move from
private individuals to vehicle dismantlers.
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Table30: Final CA DMV Status for 2,002 Sampled Vehicles

VINs Associated with CA DMV Records 1,777
Issued a Junk Title 1,300
Issued a Salvage Certificate 24
Planned Non-Operational 17
Unclaimed Registration 26
Other Registration Status 410

Looking over the entire CA DMV registration histesionly 28 sampled vehicles, or 1%
of the entire sample, were ever issued a salvagiicae. The low number of salvage
certificate vehicles is likely due to their moverh&om private individuals to insurance
companies, which is outside the scope of the redddntifying more salvage certificate
vehicles and the businesses that dismantle therftdvgoeatly improve the precision of
any future analysis.

4.6  Recovered Refrigerant
The goal of the analysis is to estimate the amotif-C-134a remaining in ELVs on
vehicle dismantler lots in California. Figure 68ts the percentage of HFC-134a

recovered and model year for the 1,966 samplecheshiith HFC-134a charged
systems. The mean percentage recovered for eadél yemar is shown in black.
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Figure 63: Percentage of HFC-134a Recovered from 1,966 Sanvdhitles
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The mean percentage of HFC-134a recovered frol @86 vehicles was 27% with a
standard deviation of 32%. There is a slight pasitorrelation between the percentage
of refrigerant recovered and vehicle model yearsszcall vehicles containing HFC-
134a. While the mean of recovered HFC-134a was @3¥%ss all sampled vehicles, the
median was 8%. This highlights the large rangeeocbvered refrigerant within each
model year. Figure 64 focuses on only the 1,3#@péad vehicles that contain HFC-
134a and were issued either a junk title or salaggficate and thus classified as an
ELV. The mean percentage of HFC-134a recovereddyel year is shown in black.
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Figure 64. Model Year and Percentage of HFC-134a Recovered 1,840 Sampled

ELVs
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On average, 26% of HFC-134a capacity was recovfeoetthese vehicles with a
standard deviation of 32%. These statistics agblyiunstable as the standard deviation
is greater than the mean. The percentage of HE@-&overed also varies greatly
within each model year. There is a slight positeerelation between the model year and
percentage of refrigerant recovered across all Eanehicles. The mean percentage of
HFC-134a from ELVs is slightly lower than that fdl sampled vehicles, but the
distributions are stable across the varying pomnatonfigurations. Figure 65 plots the
capacity of HFC-134a and the grams recovered fr@{340 ELVs. Outliers have been
omitted for graphical clarity but all 1,340 ELV<seancluded in the calculations.
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Figure65: HFC-134a Capacity and Grams Recovered for 1,34(peahtLVs
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Across the 1,340 HFC-134a ELVs, the mean refrigezapacity was 852 grams with a
standard deviation of 474 grams. The mean recdwgFRC-134a was 220 grams with a
standard deviation of 283 grams. Figure 66 prasthet average recovered HFC-134a for
all sampled ELVs. HFC-134a capacity has been pwgtianto groups of 49 grams and
the mean refrigerant recovered varies from 0% &b 88ross the sampled vehicles. The
mean values are not significantly different acrasg amount of refrigerant capacity.
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Figure66. Average Recovered HFC-134a Across Capacity Parsitior 1,340 Sampled
ELVs
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4.7  Amount of HFC-134a Remainingin ELVs

While the amount of HFC-134a recovered from the@athELVs varies widely, these
statistics represent our best estimate as to tl&H84a remaining in the ELV
population. Comparing our findings to those oévalnt literature, CARB (2004) found
an average of 17% of HFC-134a capacity remaineelicles at dismantling yards.
This is lower than our figure our 26%, but theyeellargely on surveys and anecdotes
rather than empiric data. In another analysis,ifféid Schwarz who found that upon
testing HFC-134a at vehicle dismantlers, 62.5%apkcity had been lost (Schwarz
2001), meaning 37.5% of refrigerant capacity remairOur results fall between these
two studies and thus, despite the instability af gtatistics, our findings are in the realm
of those found in the relevant literature. Givem plausible sample findings and the
robustness of our ELV population across varyingetinames, we are confident that our
sample findings can be extrapolated to the entiné gopulation.

The population of ELVs from 2000 through 2008 irifdania containing HFC-134a
comprised 2,098,887 vehicles. Extrapolating thea findings of mean capacity and
amount recovered to this population, we find thatf 2000 through 2008 the ELV
population contained 461,718 kg of HFC-134a, apipnakely 51,302 kg a year.
Licensed vehicle dismantlers in California owne&d®%8f the ELV population from 2000
through 2008. Thus, from 2000 through 2008, theas 318,585 kg of HFC-134a in
ELVs on licensed vehicle dismantler lots in Califier. An average of 35,398 kg of
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HFC-134a was remaining in ELVs on licensed vehiltéenantler lots in California each
year from 2000 through 2008.

In determining the benefit of efforts by CARB tqport U.S. EPA’s regulations
governing HFC-134a removal and storage, we focuti@fLV population from 2005
through 2007. This recent time frame best refldatssampled vehicles as well the ELV
population going forward. From 2005 through 200&ré were 1,020,938 1995 and
newer model year ELVs. Assuming the sample avenfg@0 grams of recovered
refrigerant was recovered from each vehicle, amaaeeof 74,869 kg of HFC-134a was
left in the air-conditioning systems of vehicles@alifornia dismantler lots. Thus, going
forward, we propose that the maximum benefit ofeased HFC-134a removal and
recovery efforts would be 74,869 kg of HFC-134aaryor 0.075 million metric ton GO
equivalent (MMTCQ) a year. These benefits will only continue tor@ase as the
proportion of ELVs containing HFC-134a will contmto increase in the future.

We have projected that the percentage of ELVs auntaHFC-134a will grow an
average of 3% each year. This translates to amase of 54,203 ELVs containing HFC-
134a from 2008 through 2012. Assuming the mean-#84€a recovered from each ELV
remains at 220 grams through 2012, we projectahatdditional 10,949 kg of HFC-134a
will remain in the ELV population. Thus, while apgimately 74,869 kg of HFC-134a
remained in vehicles on California dismantler foten 2005 through 2007, by 2012 it
will increase to 86,793 kg.

CARB and U.S. EPA only have jurisdiction over lised vehicle dismantlers in
California. Thus the benefits of increased enforest pertaining to the removal and
disposal of HFC-134a will be reduced to only thet#&/s that are on licensed vehicle
dismantler lots in California. From 2005 throud¥02, 79% of all ELVs were owned by
licensed vehicle dismantlers in California, up fr68% over the extended time frame
2000 through 2008. Thus, while 74,869 kg of HF@d Bemained on vehicle dismantler
lots in California from 2005 through 2007, only 596 kg was on licensed vehicle
dismantler lots. This reduces the potential béméfany CARB efforts now and into the
future. Assuming that the percentage of ELVs oerlsed California dismantler lots
remains constant over the next five years, the HB€a on licensed dismantler lots will
be reduced from 86,793 kg to 68,566 kg. This regmes a large decrease in potential
benefits of any increased enforcement.

4.8 Correlation of Variablesand Outliers

While we have focused on the amount of refrigerantaining in dismantled vehicles, it
is informative to identify the variables that irgluce this statistic. We have shown
graphically and through the correlation coefficidmdt there is very little correlation
between the percentage of refrigerant recoverad fampled vehicles and any
geographic, dismantler, or vehicle specific chamastics. Across the entire sample of
2,002 vehicles, the percentage of refrigerant receywas correlated with two vehicle
characteristics; model year and whether the velhiatea license plate at the time of
sampling. Vehicles with license plates tendedaweha higher percentage of recovered
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refrigerant holding all other variables constammifarly, as the model year of a vehicle
increases (or the vehicle decreases in age) tlvemtaige of recovered refrigerant tends to
increase holding all other vehicle characteristmsstant. For both model year and
license plate the overall correlation is weak dngtwhile we can identify the variables
are related we cannot assume a dependence betvasenvariables when extrapolating
these results to other research questions.

Twenty-five of the 2,002 sampled vehicles had reced refrigerant over 100% of
refrigerant capacity. Their model year ranged f886 to 2004 with a mean of 1997
and a standard deviation of 4 years. CA DMV resavdre found for 21 of these
vehicles and 14, or 58%, were ever classified aslan These vehicles represent 13
different makes and 5 different vehicle types. yQime of these vehicles contained R-12
and none had been retrofitted from R-12 to HFC-13@ze vehicle, dismantler and
geographic characteristics of these 25 vehiclesmbte the sample population as a
whole. The mean refrigerant capacity of the 2%ieutehicles was 816 grams compared
to 863 grams for all other sampled vehicles. Aerage of 1,017 grams of refrigerant
was recovered from the 25 outlying vehicles comp&oean average of 224 grams for all
other sampled vehicles. Thus, while the refrigecapacity of these 25 outliers is very
similar to all sampled vehicles, the amount of xezed refrigerant is not. These
abnormally large values could be the result of danggerrors or could be caused by
incorrectly charged vehicle air conditioning syssefihese vehicles could represent a
portion of the ELV population that have been ovarged with vehicle refrigerant.

Given the ambiguous nature of these outliers, we Ivacluded them in all calculations
and figures. These 25 vehicles represent only fifiecentire sample and either
removing them from the analysis completed or capfieir recovered refrigerant at
100% does not alter the analysis or any underlgaigulations.
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5. SUMMARY AND CONCLUSIONS

The removal, recovery, and possible recycling oCHIEB4a, a common vehicle
refrigerant, from dismantled vehicles has beentitied by the California Air Resources
Board (CARB) as a potential greenhouse gas redustiategy. This analysis quantifies
the amount of HFC-134a remaining in dismantled ¢lekiin California in order to
determine whether a sufficient amount of the reirggt remains in vehicles on
dismantler lots to warrant increased enforcemegdnaing its removal and storage. To
that end, refrigerant samples were taken from 2y@dicles on 30 dismantler lots
throughout California. In order to extrapolatesieesults to all vehicles dismantled in
California, we then estimated the population of Bhdife Vehicles (ELVS) or those
vehicles that were issued a junk title or salvagyéificate.

Using California Department of Motor Vehicle (CA DNlregistration records, we
identified vehicles with lapsed registration stataesn 2000 through 2008. From these
vehicles, we identified 8,537,707 that were clasdifis an ELVs from 2000 through
2008, 2,098,887 of which were 1995 or newer modaly containing HFC-134a. This
population of vehicles was owned by 2,107 uniqugate dismantlers in California as
well as 487 non-dismantling businesses. Vehidendntlers operating in California
without the proper licenses owned 1% of the ELVylafpon from 2000 through 2008,
while non-dismantling businesses owned 30%.

In order to determine the impact of any CARB eftorincrease enforcement of U.S.
EPA regulations pertaining to the removal and dsspof HFC-134a, we focus on a
more recent time frame that best encapsulatesutinent ELV population. From 2005
through 2007, there were 3,190,430 ELVs reporteiedCA DMV. Of these vehicles,
1,020,938, or 32%, were 1995 and newer model yearsining HFC-134a. These
vehicles were owned by 1,629 different vehicle diatters in California. Licensed
California dismantlers owned 79% of the ELVs fro02 through 2007, dismantlers
without the proper licenses owned 1% of these Elavigl, non-dismantling businesses or
out of state dismantlers owned the remaining 20%.

Thus, any regulation targeting refrigerant recovieoyn licensed California vehicle
dismantlers would effectively regulate 79% of thaifdrnia ELV population. Focusing
on the portion of ELVs from 2005 through 2007 camtay HFC-134a (1995 and newer
model years) reduces our population from 3,190y30cles to 1,020,938 or an average
of 340,313 a year. Enforcing HFC-134a recovery flmensed California dismantlers
will thus potentially regulate 268,847 ELVs a year.

We then estimated the average amount of HFC-13#aining in ELVs on vehicle
dismantler lots in two rounds of sampling. Aniaisampling of 160 vehicles was
conducted at one location in the Sacramento MelitapcAir Quality Management
District (AQMD) and 1,842 vehicles were later saetpat 29 licensed dismantler
locations through out the state. The 30 partiaigatehicle dismantlers were all licensed
by the state of California and were members ofStage of California Auto Dismantlers
Association (SCADA).
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Across the sample of 2,002 vehicles, 1,966 vehitdekair conditioning systems
utilizing HFC-134a. For these vehicles, an aver@dge’% of the total HFC-134a
capacity was recovered. An average of 10% ofgefant was recovered from the 36
vehicles with R-12, the predecessor to HFC-134arged air conditioning systems. Of
all the sampled vehicles, 1,340 vehicles, or 67%revelassified as an ELV. An
additional 11% of the total sample, 222, did notéhany CA DMV registration records
and 21% of the sample, 415 vehicles, had non-ELWDEYatus. Vehicles containing
HFC-134a and classified as an ELV had an averagé%f of their total refrigerant
capacity recovered. These vehicles had an aver&@e134a capacity of 853 grams and
with 220 grams recovered on average.

An average of 340,313 ELVs containing HFC-134acareehicle dismantler lots in
California each year. Extrapolating the mean ciypand amount recovered from the
sample to this population, we find that from eaehnthe ELV population contains
74,869 kg of HFC-134a. Licensed vehicle dismastierCalifornia owned 79% of the
ELV population in 2007. Thus, on average the®9i446 kg of HFC-134a remaining on
in ELVs on licensed dismantler lots in Californgased on this information, the
maximum benefit of CARB increasing efforts to sugipd.S. EPA’s regulation
overseeing the removal and storage of HFC-134a limansed California vehicle
dismantlers is 59,146 kg a year. This is equivaie®.075 MMTCQE a year.
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6. RECOMMENDATIONS

The robustness of the analysis could be improveiddrgasing the precision of CA
DMV registration records, the identification of velle dismantlers, sample stratification,
and calibration of sampling instruments. Withie #stimation of the ELV population
and vehicle dismantlers, further analysis and impdodata is needed regarding CA
DMV registration histories and the last known owoEELVs. With the available CA
DMV registration information, we were unable toatatining the registration status of
4,108,736 VINs that had lapsed CA DMV registratidheven a fraction of these
vehicles could be identified and classified as ELYiss could change the landscape of
the ELV population. We were also unable to idgrttife last owner of 939,926 ELVs,
11% of the total population. Identifying these @nrgcould greatly affect the number of
vehicles handled by dismantlers in California ali a®dismantlers that may be
operating illegally.

In terms of vehicle sampling, additional work redjag the geographic stratification of
the sample as well as calibration of the diffeampling instruments would improve the
analysis. Two refrigerant recovery machines witfecent recovery effectiveness were
used in the sampling and it would strengthen tkalte to correct for the different
sampling errors. This could also lead to a beftelerstanding of the 25 outlying
vehicles that had extremely high amounts of recaveefrigerant. Extending the vehicle
sampling geographically would strengthen the apgibn of the analysis to locations all
over the state. Increased sampling to Air Disgneith large vehicle fleets, specifically
the South Coast AQMD, would allow the sample tadraeflect the overall ELV
population and allow for more analysis of the moeatrof ELVs throughout the state.

Along with improving the existing analysis, stepsde taken to better answer the
guestion of whether increased enforcement of UFR Eegulations overseeing the
removal and storage of HFC-134a are warranted. [ddieal next step in the process to
answer this question is to conduct a cost benedityais determining the cost of the
potential maximum amount of HFC-134a that couladsaoved from ELVs on licensed
dismantler lots in California. Until a price pentcan be found it is difficult to determine
the appropriateness of any increased enforcement.
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8. GLOSSARY OF TERMS

Air Quality Management District (AQMD): One of 3% @ollution control districts in
California.

Air Pollution Control District (APCD): One of 35rgpollution control districts in
California.

California Department of Motor Vehicles (CA DMV Btate agency that regulates motor
vehicle operation and maintains vehicle registratecords.

California Air Resources Board (CARB): State agetiat protects the public’s health
and California’s environmental assets through #uriction of air pollution.

Car Allowance Rebate System (CARS): A Federal ranogin which older, low fuel
economy vehicles are traded in for a cash vouahbetused in the purchase of a new,
fuel efficient vehicles.

End of Life Vehicles (ELVs): Vehicles that haveebdssued a junk title or salvage
certificate.

Foundation for California Community Colleges (FCC@ssists the California
Community Colleges in increasing system resoumeffisjency, and effectiveness.
HFC-134a: Refrigerant used in motor vehicle amdiboning systems. Became

mandatory beginning with 1995 model year vehicles.

Million metric ton CQ equivalent (MMTCQ): Figure used to describe the magnitude of
greenhouse gas emissions.

R-12: Refrigerant used in motor vehicle air coiodiing systems. The precursor to
HFC-134a, its used was phased out after the 19%%hyear.

State of California Auto Dismantlers AssociatiofC@DA): Statewide trade
organization for licensed vehicle dismantlers ififGania.

Planned non-operational (PNO): Registration statuger which a vehicle can not be
driven, towed, stored, or parked on roads or higiswar the entire calendar year.

United States Environmental Protection Agency (BEBA): Federal environmental
regulatory agency.

Vehicle Identification Number (VIN): Unique vehgcldentifier based on vehicle
specific characteristics such as model year, matwif@r, and country of origin.
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0.

APPENDIX

Air District by Numeric Code

Air District

Numeric Code

Amador County
Antelope Valley
Bay Area
Butte County
Calaveras County
Colusa County
El Dorado County
Feather River
Glenn County
Great Basin Unified
Imperial County
Kern County
Lake County
Lassen County
Mariposa County
Mendocino County
Modoc County
Mojave Desert
Monterey Bay Unified
North Coast Unified
Northern Sonoma County
Northern Sierra
Placer County
Sacramento Metropolitan
San Diego County
San Joaquin Valley Unified
San Luis Obispo County
Santa Barbara County
Shasta County
Siskiyou County
South Coast
Tehama County
Tuolumne County
Ventura County
Yolo/Solano County
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Vehicle Manufacturer by Numeric Code

Manufacturer Numeric Code
Acura 1
Audi 2
BMW 3
Buick 4

Cadillac 5
Chevrolet 6
Chrysler 7
Daewoo 8
Dodge 9
Ford 10
Geo 11
GMC 12
Honda 13
Hyundai 14
Infinity 15
Isuzu 16
Jaguar 17
Jeep 18
Kia 19
Land Rover 20
Lexus 21
Lincoln 22
Mazda 23
Mercedes Benz 24
Mercury 25
Mitsubishi 26
Nissan 27
Oldsmobile 28
Plymouth 29
Pontiac 30
Saab 31
Saturn 32

Subaru 33

Suzuki 34

Toyota 35

Volvo 36

VW 0
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Vehicle Body Color by Numeric Code

Color

Numeric Code

Black
Blue
Brown
Burgundy
Gold
Green
Grey
Orange
Purple
Red
Silver
Tan
White
Yellow
Unknown

1
2
3
4
5
6
»
8
9
10
11
12

13
14
15

Vehicle Type by Numeric Code

Vehicle Type

Numeric Code

Passenger Car
Full Size Van
Mini Van
Pick Up Truck
Station Wagon

SUV
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