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21 March 2008

California Air Resources Board
Headquarters Building
1001 "I" Street
P.O. Box 2815
Sacramento, CA 95812

Dear Sirs and Madams:

My son lives in Los Angeles, the air of which the American Lung Association rates “F” with 158 orange days, 35 red days, and 16 purple days in 2007 [1].  He has asthma.  It is therefore with alarm that I read the CARB staff’s report for this meeting [2].  I strongly object to some of the changes being proposed for Zero Emissions Vehicle (ZEV) regulations.  CARB is conducting a hydrogen Fuel Cell Vehicle (FCV) research program rather than making a serious attempt at cleaning our air.  Imagine if California had chosen to wait for hydrogen fusion research to come to fruition instead of implementing its Renewable Portfolio Standard (SB107).  Where would we be today?  And yet, CARB is making exactly this mistake today.

Two decades of delay

When CARB gutted its 1990 ZEV targets (originally 2% in 1998, 3% in 2001, and 10% in 2003), you decided that our lungs should wait for FCV research instead of proceeding with proven technology.  In 2003, you substituted FCV targets of approximately 0.003% in 2005, 0.04% in 2009, 0.4% in 2012, and 0.8% in 2015, and by so doing delayed the air quality progress improvement that ZEVs would have brought by at least two decades (from 1998 to 2018).  Now FCV research is not living up to the 2003 targets, and so the 2/8/2008 Staff Report [2] (ISOR) proposes further delays, reducing the 2012 target by a factor of 10, and the 2015 target by a factor of two. It is likely that further delays will ensue; for example, in 2007 CARB staff suggested it would be 2020 before 0.4% was appropriate [3], which suggests this is only the first slip.  How long must our lungs wait for clean air?

The 2003 retreat is often blamed on the 2002 automakers’ lawsuit.  In the ISOR, CARB staff writes, “The ZEV program was last modified in 2003 to resolve legal challenges and to better address the state of technology.” What the ISOR fails to recognize is that the 2002 legal challenges were hollow.  The automakers reiterated this legal challenge against AB1493 in 2004.  Fortunately, might Vermont stood up for AB1493 in Green Mountain Chrysler Plymouth, et al. v. Crombie [17].  California’s subsequent piggyback victory followed swiftly in Central Valley Chrysler-Jeep Inc. v. Goldstone [18].  There was no basis for delays in 2003, and there is no basis today in 2008.

CARB’s own pre-2003 ZEV program demonstrated in 1996-2003 that BEV technology could succeed, if given a chance.  Unfortunately, instead of being given a chance, it was strangled in its crib by its parent.  In CARB’s own Fact Sheet [19] you correctly observed, “Consumers quickly bought these highly functional vehicles and called for more.”  What you did not point out was there were no more vehicles; consumers sat on waiting lists and then were denied vehicles.  The only conclusion is that production was far too low to satisfy demand.  Many of the vehicles that were produced were later withdrawn from the market by the automakers by refusing to renew leases. With greater population, greater consumer awareness, and improved technology, the response to 2012 ZEV availability would far exceed that of a decade before.  CARB should keep its 0.4% in 2012 and 0.8% in 2015 ZEV program targets, and move to 2% in 2018, and 3% in 2020.  Automakers should be allowed to meet these targets with BEVs or FCVs, or a combination.

BEVs vs. FCVs

In additional to unacceptable delays, CARB is giving preferential treatment to FCVs.  There are three issues: (1) it is not appropriate for CARB to be deciding on which ZEV technology is best; (2) several automakers are backing away from FCV technology; and (3) FCVs make it inherently more difficult for California to meet its greenhouse gas emissions goals under AB32.  The lead sentence of a 5 March 2008 Wall Street Journal article [4] was “Top executives from General Motors Corp. and Toyota Motor Corp. Tuesday expressed doubts about the viability of hydrogen fuel cells for mass-market production in the near term and suggested their companies are now betting that electric cars will prove to be a better way to reduce fuel consumption and cut tailpipe emissions on a large scale.” And when Ballard announced it was seeking a buyer for its automotive fuel cell effort, it said, “Ballard Power Systems confirms that it has been reviewing strategic alternatives with regard to its automotive fuel cell assets due to the lengthy projected timeline to commercialization and high cost of development.”[26]  And yet CARB continues to tailor its ZEV program for FCVs.

 In favoring FCVs, CARB is choosing a technology that makes it more difficult for California to meet its 2050 AB32 Greenhouse Gas (GHG) emission goals.  By 2050 California needs to be driving predominantly on renewable energy.  As the final ETAAC report [5] correctly observed, “Given California’s expected population growth, this 2050 reduction target creates great challenges for the state, as it requires a 90 percent GHG reduction per capita.”  If transportation is to share equally in GHG emission reductions, we need to reduce emissions by a factor of ten per vehicle.  Even with a 10% reduction in Vehicle Miles Traveled (VMT) per capita, California must see emissions per mile reduce by a factor of nine.  Only renewable fuels and energy can accomplish this.

The leading renewable fuel/energy candidates are: (1) cellulosic ethanol, (2) algae biodiesel, (3) renewable (wind/solar/geothermal) electricity powering Battery Electric Vehicles (BEVs) and Plug-in Hybrid Vehicles (PHEVs) that get 90% or more of their fuel from the plug, or (4) hydrogen made from renewable electricity.  Cellulosic ethanol (e.g. E85) takes far too much land to be a 2050 solution (it can make a minor contribution to our 2020 goals, but then we need to move away from it) and it does not achieve either GHG or criteria pollutant goals.  Algae biodiesel is a research item, and it too requires a lot of land (but much less than ethanol).

Driving on renewable electricity with BEVs is straightforward and cost-effective with today’s technology.  With 59.5 million Californians [25] driving 8400 miles per capita (a 10% reduction in VMT), we need to fuel 500 billion miles of travel.  The motor to wheels efficiency of previous-generation BEVs is approximately 260 Whe/mi (Watt Hours of electricity per mile).  Allowing for charging and battery efficiency we need approximately 300 Whe/mi at the garage wall plug.  The EPA’s fuel economy website [6] specifies the 2002 Toyota RAV4-EV (a SUV) as 302 Whe/mi, so this is consistent.  (Argonne National Laboratory’s PHEV research uses 250 Whe/mi for midsize car, 320 Whe/mi for crossover SUV, 380 Whe/mi for midsize SUV [13].) Adjusting for 92% grid efficiency we need 326 Whe/mi at the power plant.  For 500 billion miles this is 163 TWhe (163 million megawatthours) per year.  The Victorville Concentrated Solar Power (CSP) plant under construction by Stirling Energy Systems and Southern California Edison generates 1780 GWhe (1,780,000 megawatthours) per year on 1800 hectares of land [7].  Extrapolating, 163 TWhe requires 164,831 hectares (636 square miles).  The National Renewable Energy Laboratory (NREL) surveyed California’s CSP potential in Fuel From the Sky [11] and the total of the “premium”, “excellent”, and “good” categories is 198,700 hecatres (767 square miles).  Stirling Energy Systems gives today’s cost of this renewable electricity costs “less than $0.10 per kWh” [8], and NREL estimates that CSP will be $0.05 to $0.07 per kWhe by 2020 [9,10].  Using 326 Whe/mi and a cost of $0.07/kWhe gives 2.3 cents per mile.  (The utility markup should be added to this number to get the consumer’s cost.)  The land use is reasonable, and the cost is excellent for powering circa 2000 BEV technology with renewable electricity.

Hydrogen made renewable electricity will allow us to achieve our greenhouse gas goals, but it will take two to four times as much renewable electricity to drive one mile with hydrogen as it takes to drive directly on that electricity.  California’s own Hydrogen Highway Blueprint Plan [12] estimates that hydrogen FCVs will require more than 4000 BTU/mi (1172 Whe/mi) of renewable energy.  This is 3.6 times higher than the BEV’s 326 Whe/mi.  Hydrogen fuel cell vehicles therefore are wasteful of land and our renewable electricity investments.  But FCVs are still in research, and perhaps the final result will be more efficient than our blueprint allows?  Let us look at what might be possible if FCVs achieve all of the aggressive goals set for them.

Because BEVs and FCVs are identical in most respects, and a FCV is essentially a BEV where some (but not all) of the batteries/capacitors have been replaced by a hydrogen tank and a fuel cell, and the plug is optional (but probably desirable), it is straightforward to compare the vehicles.  Use the identical 260 Whe/mi for motor to wheels.  The DOE’s FreedomCar’s goal for fuel cells at their peak efficiency is 20kWhe of electrical output per kilogram of hydrogen fed into it [23].  Thus to power the wheels one mile we need 13g of hydrogen (or 77 mi/kg).  FreedomCar’s goal is still a ways off (most similar sized FCVs are less than 50 mi/kg).  Next, according to NREL, “An efficiency goal for electrolyzers in the future has been reported to be in the 50 kWh/kg range, or a system efficiency of 78%.” [14].  Thus 13g/mi of hydrogen to operate a FCV of the future requires 650 Whe/mi at the renewable electricity plant.  This is better than the 1172 Whe/mi in the Hydrogen Highway Blueprint Plan, but still a factor of two higher than the BEV requirement.  If hydrogen production occurs at the renewable electricity plant, then we should factor in H2 pipeline efficiency (e.g. 4% loss), and if not we should factor in grid efficiency (8% loss), for delivering the electricity to distributed hydrogen fuel stations.  At best, if the research goals are someday achieved, FCVs require twice as much renewable electricity production, and perhaps 3.6 times as much.  Powering a FCV fleet would require not 163 TWhe/year of renewable electricity production, but 337 TWhe/year.  Using a CSP farm as above, California would need not 636 square miles, but 1317 square miles.  If the blueprint plan is correct, it is 586 TWhe/year using 2286 square miles.  What is the justification for consuming this additional land and habitat?  Wouldn’t this additional land be better used toward solving our electricity greenhouse gas emissions, instead of wasting it on inefficient FCVs?

FCVs will also cost Californians much more to drive.  Twice the renewable electricity requires twice the land area, and so the cost must be at least twice per mile.  However, this does not include the cost of the capital plant to produce hydrogen from renewable electricity.  NREL estimates this adds $1.74 per kg of hydrogen [15].  Again using $0.07/kWhe as for BEVs, and adding in the $1.74/kg, gives 7.0 cents per mile, three times the BEV cost of 2.3 cents a mile.  These calculations are based upon the cost of production; retail markup for hydrogen is likely to be higher than the retail markup for utility electricity, which would widen the gap further.  Why should we burden California’s citizens and its economy with three times the cost?

Will improvements in technology make renewable FCVs more competitive? Basic physics suggests this is unlikely. FreedomCar’s goals are already aggressive, at 78% efficiency (of HHV) for electricity to compressed hydrogen, and 60% (of LHV) for hydrogen back to electricity. The laws of thermodynamics do not allow such conversions of the form of energy to be perfectly efficient and in the case of hydrogen FCVs we are starting with liquid water and the exhaust of the vehicle is water vapor, and so the energy of vaporization (the difference between the LHV and HHV) must come from somewhere.  Electric vehicles are fundamentally more efficient.

It may be that we eventually invent a technology that directly produces hydrogen from sunlight, bypassing the generation of electricity. Such technology is discussed in the Hydrogen Highway Blueprint Plan Rollout Team report [21], and would not be subject to the above analysis, but other considerations apply. First, the Stirling Energy dishes are 30% efficient at converting sunlight into electricity [22]; to match BEV renewable electricity land area, such technologies would have to be 60% efficient at converting sunlight into hydrogen.  Second, even if hydrogen is produced directly from sunlight and water, the most efficient use of it is to convert it to electricity in stationary fuel cells and ship it over the grid to BEVs.  Stationary fuel cells (e.g. for distributed generation) will always be more efficient than mobile fuel cells, having the advantages of:

· scale (MW vs. kW);

· higher feasible operating temperature (e.g. solid oxide or molten carbonate cells);

· weight insensitivity;

· less cost sensitivity; and

· the ability to recover energy lost as heat from steam turbines.

BEVs are ready today

Concerns have been voiced about battery pack lifetime and cost for plug-in vehicles, but the lifetime and cost challenges for the fuel cells of FCVs are even greater, so this is hardly a reason to prefer FCVs.  More importantly, the battery pack lifetime issue appears to be a red herring, based on actual data, and cost is already coming down for BEV battery packs because of PHEVs.  In addition, CARB witnessed a 10-minute BEV recharge in May 2007, which indicates that BEVs and FCVs will someday be on equal footing for refueling.  The success of BEVs is not dependent upon 10-minute recharge, but when it does eventually become available, it will accelerate BEV adoption.

BEVs still on the road from 2002 after 100,000 miles indicate that NiMH battery lifetime is excellent [24]. Future BEVs are likely to use LiFePO4 battery technology, which has similarly robust lifetimes (unlike the LiCo battery technology found in laptops and cell phones) but lower mass and higher capacity.  LiFePO4 batteries currently cost twice as much as LiCo, but at $500/kWh, the cost is reasonable for BEV applications.  The successful 2002 Toyota RAV4-EV batteries cost more per kWh.  And at $500/kWh, the lifetime total cost of ownership is the same as that of a gasoline vehicle because the extra battery pack cost balances with reduced fuel cost.  Thus BEVs will appeal today to certain auto buyers, a fact shown dramatically by the success of BEV startups that are expected to deliver volumes greater than the proposed 2012 ZEV target four years earlier.  Surely major automakers can do better than startups.  Volume production will bring substantial improvements in the production cost of both batteries and fuel cells through the production “learning curve”, but BEVs have less of “chicken and egg” problem to overcome because of plug-in hybrids, which will be introduced in parallel with BEVs. Plug-in hybrids (PHEVs) require modest battery packs to achieve substantial improvements in efficiency, and will sell in higher numbers initially, adding to BEV battery volumes.  A similar synergistic cost-reduction scenario for FCV fuel cells is not apparent. The fuel cell cost issue is dramatized by the automakers’ request that Phase III of the ZEV Alternative Path be pushed out to 2020 [3].

Reaching Greenhouse Gas goals in time

Another 2050 issue with research technologies is that there is insufficient time for these technologies to comprise enough of our vehicle fleet to achieve AB32 goals.  New technology follows a S-shaped adoption curve (the Fisher-Pry equation) [16].  The adoption rate is slow in the auto industry.  Hybrid sales in 2007, seven years after the technology was introduced in the U.S., reached only 2% of U.S. auto sales [20] even though hybrids have no impediments to adoption, such as the lack of hydrogen infrastructure.  An example of new technology adoption for the vehicle market is shown in Figure 1 below.  Even worse, new vehicle sales take almost two decades to significantly affect the composition of the vehicle fleet.  There is every reason to believe that FCVs, with their extremely challenging infrastructure problem, will see a much slower adoption rate than hybrid technology, which is essentially transparent to the consumer.  Starting a new S-curve today, it is plausible that BEVs could reach significant fleet penetration levels by 2050 as shown in Figure 2.  FCVs, starting much later, only after research transitions to true deployment, and with a slower adoption curve, will not be able to reach levels sufficient to achieve our GHG goals in 2050, as shown in Figure 3.
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Figure 1. New technology adoption (e.g. BEVs) by consumers over time
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Figure 2. New technology adoption (e.g. BEVs) applied to California’s vehicle fleet
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Figure 3. Delayed new technology (e.g. FCV) applied to California’s fleet

Conclusion

The 2/8/2008 Staff Report [2] (ISOR) has both good and bad proposals. Merging the original ZEV and Alternative Path is a good thing because it allows automakers to build whatever vehicle is technologically suitable in a given year, and the ZEV program is already too complicated.  However, reducing the 2012-2014 targets by a factor of ten is not acceptable.  It is clear that this proposal is based upon a belief that fuel cell vehicles (FCVs) are not technologically ready [3].  However, FCVs are not the only ZEV technology available to automakers.  BEVs are off-the-shelf ZEV technology with no research required.  With greater population, greater consumer awareness, and improved technology, the response to 2012 BEV availability would far exceed that of a decade before.  CARB should keep its 0.4% in 2012 and 0.8% in 2015 ZEV program targets, and move to 2% in 2018, and 3% in 2020.  Automakers should be allowed to meet these targets with BEVs or FCVs, or a combination.

In addition being ready today, BEVs are also the long-term choice for California because they are better able to achieve our greenhouse gas emission goals.  There is an inherent factor of two or more in the amount of renewable energy required to power FCVs compared to BEVs.  This has cost, availability, and habitat issues for California.  FCVs will also have difficulty predominating California’s vehicle fleet in time to meet our goals.

Sincerely,

Earl A. Killian

[1]
American Lung Association State of the Air 2007 California
http://lungaction.org/reports/SOTA07_stateozone.html?geo_area_id=06
[2]
2/8/2008 Staff Report: Initial Statement of Reasons (ISOR)
http://www.arb.ca.gov/regact/2008/zev2008/zevisor.pdf
[3]
4/7/2007 Status Report on the California Air Resources Board’s Zero Emission Vehicle Program
http://www.arb.ca.gov/msprog/zevprog/zevreview/zev_review_staffreport.pdf
[4]
Edward Taylor and Mike Spector, GM, Toyota Doubtful on Fuel Cells’ Mass Use, Wall Street Journal, March 5, 2008; Page B2
http://online.wsj.com/article/SB120468405514712501.html
[5]
Recommendation of the Economic and Technology Advancement and Advisory Committee (ETAAC) February 14, 2008
http://www.arb.ca.gov/cc/etaac/ETAACFinalReport2-11-08.pdf
[6]
http://www.fueleconomy.gov/feg/sbs.htm 

[7]
Power Technology, Specifications – Victorville Solar Power Generating Station
http://www.power-technology.com/projects/victorville/specs.html
[8]
Stirling Energy Systems FAQ
http://www.stirlingenergy.com/faq.asp?Type=all
[9]
National Renewable Energy Laboratory, Southwest Concentrating Solar Power 1000-MW Initiative
http://www.nrel.gov/csp/1000mw_initiative.html
[10]
National Renewable Energy Laboratory, Solar Energy Technologies Program Multi-Year Technical Plan 2003-2007 and beyond
http://www.nrel.gov/docs/fy04osti/33875.pdf
[11]
National Renewable Energy Laboratory, Fuel From the Sky, Exhibit 24 
http://www.nrel.gov/csp/pdfs/32160.pdf
[12]
California Hydrogen Highway Blueprint Plan Volume II, Figure 4-11
http://www.hydrogenhighway.ca.gov/plan/reports/volume2_050505.pdf
[13]
Argonne National Laboratory, Research on PHEV Battery Requirements and Evaluation of Early Prototypes
http://www.transportation.anl.gov/pdfs/HV/434.pdf
[14]
Johanna Ivy, National Renewable Energy Laboratory, Summary of Electrolytic Hydrogen Production, September 2004, Page 8
http://www.nrel.gov/docs/fy04osti/36734.pdf
[15]
ibid, Table 7 

[16]
Aldo V. da Rosa, Fundamentals of Renewable Energy Processes, Chapter 1

[17]
Green Mountain Chrysler Plymouth, et al. v. Crombie, 508 F.Supp.2d 295 (D. Vt. 2007)
http://www.vtd.uscourts.gov/Supporting%20Files/Cases/05cv302.pdf
[18]
Central Valley Chrysler-Jeep Inc. v. Goldstone, E.D. Cal., No. CV F 04-6663
http://news.findlaw.com/usatoday/docs/environment/cvjpsrclub121207opn.pdf
[19]
California Air Resources Board, Fact Sheet: 2003 Zero Emission Vehicle Program Changes
http://www.arb.ca.gov/msprog/zevprog/factsheets/2003zevchanges.pdf
[20]
Electric Drive Association, Hybrid Sales Figures
http://www.electricdrive.org/index.php?tg=articles&topics=7
[21]
Rollout Strategy Topic Team Report, California 2010 Hydrogen Highway Network, January 5, 2005
http://www.hydrogenhighway.ca.gov/plan/reports/rolloutreport.pdf
[22]
Sandia, Stirling Energy Systems set new world record for solar-to-grid conversion efficiency
http://sandia.gov/news/resources/releases/2008/solargrid.html
[23]
ZEV Panel Final Report April 18 2007
http://www.arb.ca.gov/msprog/zevprog/zevreview/zev_panel_report.pdf
[24]
http://evnut.com/rav_owner_100k.htm
[25]
http://www.dof.ca.gov/html/DEMOGRAP/Data/RaceEthnic/Population-00-50/documents/Race%20Ethnic%20Population%20Totals,%202000-2050.xls
[26]
http://phx.corporate-ir.net/preview/phoenix.zhtml?c=76046&p=irol-newsArticle&ID=1072130

Page 7 of 8

_1267683459.xls
Adoption S-curve

		2010

		2011

		2012

		2013

		2014

		2015

		2016

		2017

		2018

		2019

		2020

		2021

		2022

		2023

		2024

		2025

		2026

		2027

		2028

		2029

		2030

		2031

		2032

		2033

		2034

		2035

		2036

		2037

		2038

		2039

		2040

		2041

		2042

		2043

		2044



Adoption

Year

Adoption

New Technology S-curve

0.0047594273

0.006505559

0.0088865887

0.012128435

0.0165331856

0.0225011967

0.0305565566

0.0413736511

0.0557996159

0.0748627468

0.0997504891

0.1317338966

0.1720128329

0.2214661255

0.2803235745

0.3478345326

0.4220689908

0.5

0.5779310092

0.6521654674

0.7196764255

0.7785338745

0.8279871671

0.8682661034

0.9002495109

0.9251372532

0.9442003841

0.9586263489

0.9694434434

0.9774988033

0.9834668144

0.987871565

0.9911134113

0.993494441

0.9952405727



Vehicle Sales

		2008		2008

		2009		2009

		2010		2010

		2011		2011

		2012		2012

		2013		2013

		2014		2014

		2015		2015

		2016		2016

		2017		2017

		2018		2018

		2019		2019

		2020		2020

		2021		2021

		2022		2022

		2023		2023

		2024		2024

		2025		2025

		2026		2026

		2027		2027

		2028		2028

		2029		2029

		2030		2030

		2031		2031

		2032		2032

		2033		2033

		2034		2034

		2035		2035

		2036		2036

		2037		2037

		2038		2038

		2039		2039

		2040		2040

		2041		2041

		2042		2042

		2043		2043

		2044		2044

		2045		2045

		2046		2046

		2047		2047

		2048		2048

		2049		2049

		2050		2050



Old

New

Year

Sales

Vehicle Sales

2268955

0

2291644

0

2303545

11016

2322499

15208

2340102

20982

2355772

28923

2368720

39821

2377890

54737

2381877

75076

2378852

102670

2366484

139853

2341894

189508

2301681

255033

2243151

340332

2161973

449146

2054576

584456

1919106

747517

1756470

936819

1572100

1148121

1373712

1373713

1171198

1603700

974857

1827790

793505

2037169

633167

2225813

496699

2390871

384195

2532251

293826

2651784

222740

2752567

167721

2838058

125656

2911443

93779

2975252

69776

3031206

51794

3080919

38378

3125901

28401

3167522

20999

3206883

15516

3244644

11460

3281302

8461

3317229

6245

3352701

4609

3387927

3401

3423108

2509

3458481



Vehicle Fleet

		2008		2008

		2009		2009

		2010		2010

		2011		2011

		2012		2012

		2013		2013

		2014		2014

		2015		2015

		2016		2016

		2017		2017

		2018		2018

		2019		2019

		2020		2020

		2021		2021

		2022		2022

		2023		2023

		2024		2024

		2025		2025

		2026		2026

		2027		2027

		2028		2028

		2029		2029

		2030		2030

		2031		2031

		2032		2032

		2033		2033

		2034		2034

		2035		2035

		2036		2036

		2037		2037

		2038		2038

		2039		2039

		2040		2040

		2041		2041

		2042		2042

		2043		2043

		2044		2044

		2045		2045

		2046		2046

		2047		2047

		2048		2048

		2049		2049

		2050		2050



Old

New

Year

Vehicles

Vehicle Fleet

32938729

0

33268116

0

33599286

1511

33933345

3460

34270200

5973

34609722

9213

34951735

13390

35296002

18774

35642211

25713

35989948

34655

36338673

46176

36687681

61016

37036061

80124

37382619

104727

37725824

136396

38063712

177130

38394090

229161

38714037

295447

39019692

379887

39306050

487524

39566721

624789

39794102

799323

39978923

1020436

40110053

1299300

40174380

1649066

40156836

2084845

40040617

2623481

39807649

3283090

39439394

4082253

38918032

5038831

38228000

6168432

37357719

7482677

36300948

8987852

35057667

10684022

33634348

12564757

32043695

14617402

30304010

16823698

28438166

19160819

26472477

21602498

24435653

24120072

22357898

26683384

20270112

29261583

18203106

31823906



Data

				1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050

		CA Population		30,875,205		31,183,957		31,495,797		31,810,755		32,128,863		32,450,152		32,774,654		33,102,401		33,433,425		33,767,759		34,105,437		34,446,491		34,790,956		35,138,866		35,490,255		35,845,158		36,203,610		36,565,646		36,931,302		37,300,615		37,673,621		38,050,357		38,430,861		38,815,170		39,203,322		39,595,355		39,991,309		40,391,222		40,795,134		41,203,085		41,615,116		42,031,267		42,451,580		42,876,096		43,304,857		43,737,906		44,175,285		44,617,038		45,063,208		45,513,840		45,968,978		46,428,668		46,892,955		47,361,885		47,835,504		48,313,859		48,796,998		49,284,968		49,777,818		50,275,596		50,778,352		51,286,136		51,798,997		52,316,987		52,840,157		53,368,559		53,902,245		54,441,267		54,985,680		55,535,537		56,090,892		56,651,801

		Vehicles		27,537,345		27,812,718		28,090,846		28,371,754		28,655,472		28,942,027		29,231,448		29,523,763		29,819,001		30,117,190		30,418,363		30,722,546		31,029,772		31,340,070		31,653,471		31,970,006		32,289,706		32,612,603		32,938,729		33,268,116		33,600,797		33,936,805		34,276,173		34,618,935		34,965,125		35,314,776		35,667,924		36,024,603		36,384,849		36,748,697		37,116,185		37,487,346		37,862,220		38,240,842		38,623,251		39,009,484		39,399,579		39,793,574		40,191,510		40,593,425		40,999,359		41,409,353		41,823,446		42,241,681		42,664,098		43,090,739		43,521,647		43,956,863		44,396,432		44,840,396		45,288,800		45,741,689		46,199,105		46,661,097		47,127,708		47,598,985		48,074,975		48,555,725		49,041,282		49,531,695		50,027,012		50,527,282

		Vehicle retired %		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.91%		5.91%		5.91%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%

		Vehicles retired		1,616,442		1,632,607		1,648,933		1,665,422		1,682,076		1,698,897		1,715,886		1,733,045		1,750,375		1,767,879		1,785,558		1,803,413		1,821,448		1,839,662		1,858,059		1,876,639		1,895,406		1,920,364		1,939,568		1,958,963		1,978,553		1,998,339		2,018,322		2,038,505		2,058,890		2,079,479		2,100,274		2,121,276		2,142,489		2,163,914		2,185,553		2,208,609		2,232,497		2,256,623		2,280,390		2,303,194		2,326,226		2,349,489		2,372,983		2,396,713		2,420,680		2,444,887		2,469,335		2,494,029		2,518,969		2,544,399		2,570,563		2,597,530		2,625,067		2,652,578		2,679,824		2,706,863		2,733,931		2,761,271		2,788,883		2,816,772		2,844,940		2,873,389		2,902,123		2,931,192		2,960,720

		Vehicles sold		1,891,815		1,910,735		1,929,841		1,949,140		1,968,631		1,988,318		2,008,201		2,028,283		2,048,564		2,069,052		2,089,741		2,110,639		2,131,746		2,153,063		2,174,594		2,196,339		2,218,303		2,246,490		2,268,955		2,291,644		2,314,561		2,337,707		2,361,084		2,384,695		2,408,541		2,432,627		2,456,953		2,481,522		2,506,337		2,531,402		2,556,714		2,583,483		2,611,119		2,639,032		2,666,623		2,693,289		2,720,221		2,747,425		2,774,898		2,802,647		2,830,674		2,858,980		2,887,570		2,916,446		2,945,610		2,975,307		3,005,779		3,037,099		3,069,031		3,100,982		3,132,713		3,164,279		3,195,923		3,227,882		3,260,160		3,292,762		3,325,690		3,358,946		3,392,536		3,426,509		3,460,990

		PHEV Sales %																																										0.07%		0.08%		0.11%		0.14%		0.17%		0.22%		0.28%		0.36%		0.46%		0.59%		0.75%		0.95%		1.21%		1.54%		1.96%		2.49%		3.16%		4.00%		5.05%		6.36%		7.98%		9.98%		12.39%		15.30%		18.74%		22.75%		27.33%		32.45%		38.02%		43.92%		50.00%		56.08%		61.98%		67.55%		72.67%		77.25%		81.26%		84.70%		87.61%		90.02%		92.02%

		ICE Sales		1,891,815		1,910,735		1,929,841		1,949,140		1,968,631		1,988,318		2,008,201		2,028,283		2,048,564		2,069,052		2,089,741		2,110,639		2,131,746		2,153,063		2,174,594		2,196,339		2,218,303		2,246,490		2,268,955		2,291,644		2,313,050		2,335,758		2,358,571		2,381,455		2,404,364		2,427,243		2,450,014		2,472,580		2,494,816		2,516,562		2,537,606		2,558,880		2,579,450		2,598,298		2,614,290		2,626,160		2,634,240		2,637,499		2,634,682		2,624,308		2,604,657		2,573,795		2,529,659		2,470,172		2,393,456		2,298,289		2,184,201		2,051,671		1,902,322		1,739,057		1,566,356		1,389,724		1,214,947		1,047,330		891,109		749,254		623,400		513,985		420,501		341,796		276,345

		ICE retired		1,616,442		1,632,607		1,648,933		1,665,422		1,682,076		1,698,897		1,715,886		1,733,045		1,750,375		1,767,879		1,785,558		1,803,413		1,821,448		1,839,662		1,858,059		1,876,639		1,895,406		1,920,364		1,939,568		1,958,963		1,978,553		1,998,339		2,018,322		2,038,505		2,058,890		2,079,479		2,100,274		2,121,276		2,142,489		2,163,914		2,185,553		2,208,609		2,232,497		2,256,623		2,280,088		2,302,351		2,324,685		2,347,200		2,370,032		2,392,908		2,415,776		2,438,566		2,461,190		2,483,534		2,505,451		2,526,990		2,548,148		2,568,680		2,587,959		2,604,898		2,618,642		2,628,478		2,633,690		2,633,364		2,626,128		2,610,385		2,584,329		2,546,002		2,493,400		2,424,678		2,338,398

		PHEV Sales		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1,511		1,949		2,513		3,240		4,177		5,384		6,939		8,942		11,521		14,840		19,108		24,603		31,669		40,734		52,333		67,129		85,981		109,926		140,216		178,339		226,017		285,185		357,911		446,274		552,154		677,018		821,578		985,428		1,166,709		1,361,925		1,566,357		1,774,555		1,980,976		2,180,552		2,369,051		2,543,508		2,702,290		2,844,961		2,972,035		3,084,713		3,184,645

		PHEV retired																																				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		302		843		1,541		2,289		2,951		3,805		4,904		6,321		8,145		10,495		13,518		17,409		22,415		28,850		37,108		47,680		61,182		78,385		100,241		127,907		162,755		206,387		260,611		327,387		408,723		506,514		622,322

		ICE Fleet		27,537,345		27,812,718		28,090,846		28,371,754		28,655,472		28,942,027		29,231,448		29,523,763		29,819,001		30,117,190		30,418,363		30,722,546		31,029,772		31,340,070		31,653,471		31,970,006		32,289,706		32,612,603		32,938,729		33,268,116		33,599,286		33,933,345		34,270,200		34,609,722		34,951,735		35,296,002		35,642,211		35,989,948		36,338,673		36,687,681		37,036,061		37,382,619		37,725,824		38,063,712		38,394,090		38,714,037		39,019,692		39,306,050		39,566,721		39,794,102		39,978,923		40,110,053		40,174,380		40,156,836		40,040,617		39,807,649		39,439,394		38,918,032		38,228,000		37,357,719		36,300,948		35,057,667		33,634,348		32,043,695		30,304,010		28,438,166		26,472,477		24,435,653		22,357,898		20,270,112		18,203,106

		PHEV Fleet		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1,511		3,460		5,973		9,213		13,390		18,774		25,713		34,655		46,176		61,016		80,124		104,727		136,396		177,130		229,161		295,447		379,887		487,524		624,789		799,323		1,020,436		1,299,300		1,649,066		2,084,845		2,623,481		3,283,090		4,082,253		5,038,831		6,168,432		7,482,677		8,987,852		10,684,022		12,564,757		14,617,402		16,823,698		19,160,819		21,602,498		24,120,072		26,683,384		29,261,583		31,823,906

		PHEV Fleet %		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.1%		0.1%		0.1%		0.1%		0.2%		0.2%		0.3%		0.4%		0.5%		0.6%		0.8%		1.0%		1.2%		1.6%		2.0%		2.5%		3.1%		3.9%		4.9%		6.1%		7.6%		9.4%		11.5%		13.9%		16.7%		19.8%		23.4%		27.2%		31.3%		35.7%		40.3%		44.9%		49.7%		54.4%		59.1%		63.6%
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Data

				1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050

		CA Population		30,875,205		31,183,957		31,495,797		31,810,755		32,128,863		32,450,152		32,774,654		33,102,401		33,433,425		33,767,759		34,105,437		34,446,491		34,790,956		35,138,866		35,490,255		35,845,158		36,203,610		36,565,646		36,931,302		37,300,615		37,673,621		38,050,357		38,430,861		38,815,170		39,203,322		39,595,355		39,991,309		40,391,222		40,795,134		41,203,085		41,615,116		42,031,267		42,451,580		42,876,096		43,304,857		43,737,906		44,175,285		44,617,038		45,063,208		45,513,840		45,968,978		46,428,668		46,892,955		47,361,885		47,835,504		48,313,859		48,796,998		49,284,968		49,777,818		50,275,596		50,778,352		51,286,136		51,798,997		52,316,987		52,840,157		53,368,559		53,902,245		54,441,267		54,985,680		55,535,537		56,090,892		56,651,801

		Vehicles		27,537,345		27,812,718		28,090,846		28,371,754		28,655,472		28,942,027		29,231,448		29,523,763		29,819,001		30,117,190		30,418,363		30,722,546		31,029,772		31,340,070		31,653,471		31,970,006		32,289,706		32,612,603		32,938,729		33,268,116		33,600,797		33,936,805		34,276,173		34,618,935		34,965,125		35,314,776		35,667,924		36,024,603		36,384,849		36,748,697		37,116,185		37,487,346		37,862,220		38,240,842		38,623,251		39,009,484		39,399,579		39,793,574		40,191,510		40,593,425		40,999,359		41,409,353		41,823,446		42,241,681		42,664,098		43,090,739		43,521,647		43,956,863		44,396,432		44,840,396		45,288,800		45,741,689		46,199,105		46,661,097		47,127,708		47,598,985		48,074,975		48,555,725		49,041,282		49,531,695		50,027,012		50,527,282

		Vehicle retired %		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.91%		5.91%		5.91%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%

		Vehicles retired		1,616,442		1,632,607		1,648,933		1,665,422		1,682,076		1,698,897		1,715,886		1,733,045		1,750,375		1,767,879		1,785,558		1,803,413		1,821,448		1,839,662		1,858,059		1,876,639		1,895,406		1,920,364		1,939,568		1,958,963		1,978,553		1,998,339		2,018,322		2,038,505		2,058,890		2,079,479		2,100,274		2,121,276		2,142,489		2,163,914		2,185,553		2,208,609		2,232,497		2,256,623		2,280,390		2,303,194		2,326,226		2,349,489		2,372,983		2,396,713		2,420,680		2,444,887		2,469,335		2,494,029		2,518,969		2,544,399		2,570,563		2,597,530		2,625,067		2,652,578		2,679,824		2,706,863		2,733,931		2,761,271		2,788,883		2,816,772		2,844,940		2,873,389		2,902,123		2,931,192		2,960,720

		Vehicles sold		1,891,815		1,910,735		1,929,841		1,949,140		1,968,631		1,988,318		2,008,201		2,028,283		2,048,564		2,069,052		2,089,741		2,110,639		2,131,746		2,153,063		2,174,594		2,196,339		2,218,303		2,246,490		2,268,955		2,291,644		2,314,561		2,337,707		2,361,084		2,384,695		2,408,541		2,432,627		2,456,953		2,481,522		2,506,337		2,531,402		2,556,714		2,583,483		2,611,119		2,639,032		2,666,623		2,693,289		2,720,221		2,747,425		2,774,898		2,802,647		2,830,674		2,858,980		2,887,570		2,916,446		2,945,610		2,975,307		3,005,779		3,037,099		3,069,031		3,100,982		3,132,713		3,164,279		3,195,923		3,227,882		3,260,160		3,292,762		3,325,690		3,358,946		3,392,536		3,426,509		3,460,990

		PHEV Sales %																																										0.48%		0.65%		0.89%		1.21%		1.65%		2.25%		3.06%		4.14%		5.58%		7.49%		9.98%		13.17%		17.20%		22.15%		28.03%		34.78%		42.21%		50.00%		57.79%		65.22%		71.97%		77.85%		82.80%		86.83%		90.02%		92.51%		94.42%		95.86%		96.94%		97.75%		98.35%		98.79%		99.11%		99.35%		99.52%		99.65%		99.75%		99.81%		99.86%		99.90%		99.93%

		ICE Sales		1,891,815		1,910,735		1,929,841		1,949,140		1,968,631		1,988,318		2,008,201		2,028,283		2,048,564		2,069,052		2,089,741		2,110,639		2,131,746		2,153,063		2,174,594		2,196,339		2,218,303		2,246,490		2,268,955		2,291,644		2,303,545		2,322,499		2,340,102		2,355,772		2,368,720		2,377,890		2,381,877		2,378,852		2,366,484		2,341,894		2,301,681		2,243,151		2,161,973		2,054,576		1,919,106		1,756,470		1,572,100		1,373,712		1,171,198		974,857		793,505		633,167		496,699		384,195		293,826		222,740		167,721		125,656		93,779		69,776		51,794		38,378		28,401		20,999		15,516		11,460		8,461		6,245		4,609		3,401		2,509

		ICE retired		1,616,442		1,632,607		1,648,933		1,665,422		1,682,076		1,698,897		1,715,886		1,733,045		1,750,375		1,767,879		1,785,558		1,803,413		1,821,448		1,839,662		1,858,059		1,876,639		1,895,406		1,920,364		1,939,568		1,958,963		1,978,553		1,998,339		2,018,322		2,038,505		2,058,890		2,079,479		2,100,274		2,121,276		2,142,489		2,163,914		2,185,553		2,208,609		2,232,497		2,256,623		2,278,187		2,296,848		2,314,162		2,330,644		2,347,006		2,360,946		2,371,513		2,377,445		2,377,093		2,368,355		2,348,620		2,315,000		2,264,223		2,192,789		2,097,417		1,975,793		1,828,008		1,657,135		1,469,277		1,272,865		1,077,260		891,382		722,313		574,500		449,667		347,294		265,353

		PHEV Sales		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		11,016		15,208		20,982		28,923		39,821		54,737		75,076		102,670		139,853		189,508		255,033		340,332		449,146		584,456		747,517		936,819		1,148,121		1,373,713		1,603,700		1,827,790		2,037,169		2,225,813		2,390,871		2,532,251		2,651,784		2,752,567		2,838,058		2,911,443		2,975,252		3,031,206		3,080,919		3,125,901		3,167,522		3,206,883		3,244,644		3,281,302		3,317,229		3,352,701		3,387,927		3,423,108		3,458,481

		PHEV retired																																				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2,203		6,346		12,064		18,845		25,977		35,767		49,167		67,442		92,242		125,674		170,349		229,399		306,340		404,741		527,650		676,785		851,816		1,049,728		1,264,654		1,488,406		1,711,623		1,925,390		2,122,627		2,298,889		2,452,456		2,583,898		2,695,367

		ICE Fleet		27,537,345		27,812,718		28,090,846		28,371,754		28,655,472		28,942,027		29,231,448		29,523,763		29,819,001		30,117,190		30,418,363		30,722,546		31,029,772		31,340,070		31,653,471		31,970,006		32,289,706		32,612,603		32,938,729		33,268,116		33,589,781		33,910,581		34,228,967		34,542,806		34,849,175		35,144,089		35,422,161		35,676,170		35,896,563		36,070,903		36,183,358		36,214,187		36,139,915		35,934,081		35,571,176		35,026,936		34,280,974		33,320,101		32,140,314		30,750,206		29,168,138		27,419,761		25,535,225		23,546,883		21,487,865		19,391,338		17,290,528		15,219,042		13,211,009		11,300,552		9,519,853		7,896,569		6,451,117		5,194,632		4,128,222		3,243,587		2,524,975		1,951,913		1,501,999		1,153,202		885,405

		PHEV Fleet		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		11,016		26,224		47,206		76,129		115,950		170,687		245,763		348,433		488,286		677,794		932,827		1,273,159		1,722,305		2,306,761		3,052,075		3,982,548		5,118,605		6,473,473		8,051,196		9,843,219		11,831,221		13,989,592		16,288,221		18,694,798		21,176,233		23,699,401		26,231,119		28,737,821		31,185,423		33,539,844		35,768,947		37,845,120		39,747,988		41,466,465		42,999,486		44,355,398		45,550,000		46,603,812		47,539,283		48,378,493		49,141,607

		PHEV Fleet %		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.1%		0.1%		0.2%		0.3%		0.5%		0.7%		1.0%		1.3%		1.8%		2.5%		3.4%		4.5%		6.0%		7.9%		10.2%		13.0%		16.3%		20.0%		24.2%		28.9%		33.8%		38.9%		44.3%		49.6%		55.0%		60.3%		65.4%		70.2%		74.8%		79.0%		82.7%		86.0%		88.9%		91.2%		93.2%		94.7%		96.0%		96.9%		97.7%		98.2%
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Data

				1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050

		CA Population		30,875,205		31,183,957		31,495,797		31,810,755		32,128,863		32,450,152		32,774,654		33,102,401		33,433,425		33,767,759		34,105,437		34,446,491		34,790,956		35,138,866		35,490,255		35,845,158		36,203,610		36,565,646		36,931,302		37,300,615		37,673,621		38,050,357		38,430,861		38,815,170		39,203,322		39,595,355		39,991,309		40,391,222		40,795,134		41,203,085		41,615,116		42,031,267		42,451,580		42,876,096		43,304,857		43,737,906		44,175,285		44,617,038		45,063,208		45,513,840		45,968,978		46,428,668		46,892,955		47,361,885		47,835,504		48,313,859		48,796,998		49,284,968		49,777,818		50,275,596		50,778,352		51,286,136		51,798,997		52,316,987		52,840,157		53,368,559		53,902,245		54,441,267		54,985,680		55,535,537		56,090,892		56,651,801

		Vehicles		27,537,345		27,812,718		28,090,846		28,371,754		28,655,472		28,942,027		29,231,448		29,523,763		29,819,001		30,117,190		30,418,363		30,722,546		31,029,772		31,340,070		31,653,471		31,970,006		32,289,706		32,612,603		32,938,729		33,268,116		33,600,797		33,936,805		34,276,173		34,618,935		34,965,125		35,314,776		35,667,924		36,024,603		36,384,849		36,748,697		37,116,185		37,487,346		37,862,220		38,240,842		38,623,251		39,009,484		39,399,579		39,793,574		40,191,510		40,593,425		40,999,359		41,409,353		41,823,446		42,241,681		42,664,098		43,090,739		43,521,647		43,956,863		44,396,432		44,840,396		45,288,800		45,741,689		46,199,105		46,661,097		47,127,708		47,598,985		48,074,975		48,555,725		49,041,282		49,531,695		50,027,012		50,527,282

		Vehicle retired %		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.87%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.89%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.90%		5.91%		5.91%		5.91%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%		5.92%

		Vehicles retired		1,616,442		1,632,607		1,648,933		1,665,422		1,682,076		1,698,897		1,715,886		1,733,045		1,750,375		1,767,879		1,785,558		1,803,413		1,821,448		1,839,662		1,858,059		1,876,639		1,895,406		1,920,364		1,939,568		1,958,963		1,978,553		1,998,339		2,018,322		2,038,505		2,058,890		2,079,479		2,100,274		2,121,276		2,142,489		2,163,914		2,185,553		2,208,609		2,232,497		2,256,623		2,280,390		2,303,194		2,326,226		2,349,489		2,372,983		2,396,713		2,420,680		2,444,887		2,469,335		2,494,029		2,518,969		2,544,399		2,570,563		2,597,530		2,625,067		2,652,578		2,679,824		2,706,863		2,733,931		2,761,271		2,788,883		2,816,772		2,844,940		2,873,389		2,902,123		2,931,192		2,960,720

		Vehicles sold		1,891,815		1,910,735		1,929,841		1,949,140		1,968,631		1,988,318		2,008,201		2,028,283		2,048,564		2,069,052		2,089,741		2,110,639		2,131,746		2,153,063		2,174,594		2,196,339		2,218,303		2,246,490		2,268,955		2,291,644		2,314,561		2,337,707		2,361,084		2,384,695		2,408,541		2,432,627		2,456,953		2,481,522		2,506,337		2,531,402		2,556,714		2,583,483		2,611,119		2,639,032		2,666,623		2,693,289		2,720,221		2,747,425		2,774,898		2,802,647		2,830,674		2,858,980		2,887,570		2,916,446		2,945,610		2,975,307		3,005,779		3,037,099		3,069,031		3,100,982		3,132,713		3,164,279		3,195,923		3,227,882		3,260,160		3,292,762		3,325,690		3,358,946		3,392,536		3,426,509		3,460,990

		PHEV Sales %																																										0.48%		0.65%		0.89%		1.21%		1.65%		2.25%		3.06%		4.14%		5.58%		7.49%		9.98%		13.17%		17.20%		22.15%		28.03%		34.78%		42.21%		50.00%		57.79%		65.22%		71.97%		77.85%		82.80%		86.83%		90.02%		92.51%		94.42%		95.86%		96.94%		97.75%		98.35%		98.79%		99.11%		99.35%		99.52%		99.65%		99.75%		99.81%		99.86%		99.90%		99.93%

		ICE Sales		1,891,815		1,910,735		1,929,841		1,949,140		1,968,631		1,988,318		2,008,201		2,028,283		2,048,564		2,069,052		2,089,741		2,110,639		2,131,746		2,153,063		2,174,594		2,196,339		2,218,303		2,246,490		2,268,955		2,291,644		2,303,545		2,322,499		2,340,102		2,355,772		2,368,720		2,377,890		2,381,877		2,378,852		2,366,484		2,341,894		2,301,681		2,243,151		2,161,973		2,054,576		1,919,106		1,756,470		1,572,100		1,373,712		1,171,198		974,857		793,505		633,167		496,699		384,195		293,826		222,740		167,721		125,656		93,779		69,776		51,794		38,378		28,401		20,999		15,516		11,460		8,461		6,245		4,609		3,401		2,509

		ICE retired		1,616,442		1,632,607		1,648,933		1,665,422		1,682,076		1,698,897		1,715,886		1,733,045		1,750,375		1,767,879		1,785,558		1,803,413		1,821,448		1,839,662		1,858,059		1,876,639		1,895,406		1,920,364		1,939,568		1,958,963		1,978,553		1,998,339		2,018,322		2,038,505		2,058,890		2,079,479		2,100,274		2,121,276		2,142,489		2,163,914		2,185,553		2,208,609		2,232,497		2,256,623		2,278,187		2,296,848		2,314,162		2,330,644		2,347,006		2,360,946		2,371,513		2,377,445		2,377,093		2,368,355		2,348,620		2,315,000		2,264,223		2,192,789		2,097,417		1,975,793		1,828,008		1,657,135		1,469,277		1,272,865		1,077,260		891,382		722,313		574,500		449,667		347,294		265,353

		PHEV Sales		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		11,016		15,208		20,982		28,923		39,821		54,737		75,076		102,670		139,853		189,508		255,033		340,332		449,146		584,456		747,517		936,819		1,148,121		1,373,713		1,603,700		1,827,790		2,037,169		2,225,813		2,390,871		2,532,251		2,651,784		2,752,567		2,838,058		2,911,443		2,975,252		3,031,206		3,080,919		3,125,901		3,167,522		3,206,883		3,244,644		3,281,302		3,317,229		3,352,701		3,387,927		3,423,108		3,458,481

		PHEV retired																																				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		2,203		6,346		12,064		18,845		25,977		35,767		49,167		67,442		92,242		125,674		170,349		229,399		306,340		404,741		527,650		676,785		851,816		1,049,728		1,264,654		1,488,406		1,711,623		1,925,390		2,122,627		2,298,889		2,452,456		2,583,898		2,695,367

		ICE Fleet		27,537,345		27,812,718		28,090,846		28,371,754		28,655,472		28,942,027		29,231,448		29,523,763		29,819,001		30,117,190		30,418,363		30,722,546		31,029,772		31,340,070		31,653,471		31,970,006		32,289,706		32,612,603		32,938,729		33,268,116		33,589,781		33,910,581		34,228,967		34,542,806		34,849,175		35,144,089		35,422,161		35,676,170		35,896,563		36,070,903		36,183,358		36,214,187		36,139,915		35,934,081		35,571,176		35,026,936		34,280,974		33,320,101		32,140,314		30,750,206		29,168,138		27,419,761		25,535,225		23,546,883		21,487,865		19,391,338		17,290,528		15,219,042		13,211,009		11,300,552		9,519,853		7,896,569		6,451,117		5,194,632		4,128,222		3,243,587		2,524,975		1,951,913		1,501,999		1,153,202		885,405

		PHEV Fleet		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		11,016		26,224		47,206		76,129		115,950		170,687		245,763		348,433		488,286		677,794		932,827		1,273,159		1,722,305		2,306,761		3,052,075		3,982,548		5,118,605		6,473,473		8,051,196		9,843,219		11,831,221		13,989,592		16,288,221		18,694,798		21,176,233		23,699,401		26,231,119		28,737,821		31,185,423		33,539,844		35,768,947		37,845,120		39,747,988		41,466,465		42,999,486		44,355,398		45,550,000		46,603,812		47,539,283		48,378,493		49,141,607

		PHEV Fleet %		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		0.1%		0.1%		0.2%		0.3%		0.5%		0.7%		1.0%		1.3%		1.8%		2.5%		3.4%		4.5%		6.0%		7.9%		10.2%		13.0%		16.3%		20.0%		24.2%		28.9%		33.8%		38.9%		44.3%		49.6%		55.0%		60.3%		65.4%		70.2%		74.8%		79.0%		82.7%		86.0%		88.9%		91.2%		93.2%		94.7%		96.0%		96.9%		97.7%		98.2%






