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THE WHITE HOUSE AC/ER
WASHINGTON

June 19, 1991

THE CHIEF of STAFF

MEMORANDUM FOR GOVERNOR SUNUNU has seen
FROM: EDE HOLIDA
SUBJECT: National Energy Strategy (NES) Implementation

The working group on NES executive branch initiatives met today.
At your request, the group has been monitoring and coordinating
agency activities so that the Administration would establish a
solid record of accomplishment, while Congress deliberates energy
legislation.

I thought it might be helpful to give you a brief summary of NES
activities that have taken place since the strategy was released
on February 20. Most significant are the following:

o The President signed an Executive Order on Federal Energy
Management on April 17. The Executive Order directed
Federal agencies to take cost-effective steps to reduce
energy consumption in Federal buildings and facilities by
20% by the year 2000 and fuel consumption in Federal
vehicles by 10% by the year 1995.

o) The IRS issued rules on May 17 that would increase the
amount of tax-free mass transit benefits that employers may
provide to employees. The rules would raise this amount
from the current $15 per month to $21 per month.

o The IRS issued rules on June 11 providing that utility
rebates for consumers who participate in conservation
programs are not taxable income. The IRS ruling conforms
with the Administration's position that the rebates must be
tied to the consumers electricity bill.

o FERC issued new regulations on May 8 to improve the
licensing procedures for expanding capacity at existing
hydropower sites.

o The Western Area Power Administration published a notice of
a proposed energy management program to foster integrated
resource planning in PMAs. Public hearings are currently
being scheduled.

o DOE completed its rulemakings on test procedures for
fluorescent light ballasts and on efficiency standards for
cleaning products.



0 As provided for in the NES, DOE has established task forces
to resolve or address certain policy or regulatory issues
affecting a broad range of Federal and State interests.
During the next two weeks, the following priority task
forces will meet:

--task force on Alaska North Slope technical and regulatory
barriers -

--task force on the impact of environmental rulemakings on
energy supply

--task force on radionuclide regulation
--task force on energy efficient housing

In addition to the these initiatives, a number of other items are
being scheduled for activity during the summer months. Most
significant are the following:

‘0 DOE has received a proposal from the United States Advanced
Battery Consortium (led by the big three automakers) whereby
the Administration would support the multi-industry
consortium through research grants and sharing scientists
from the National Laboratories. DOE will begin negotiating
with the consortium later this month and expects to enter
into an agreement with the consortium in September.

o A Presidential finding on the export of California heavy
crude oil will be submitted by Commerce for Presidential
approval in July, provided that our legislative assessment
suggests moving forward.

o A Presidential dedication ceremony of the Solar Energy
Institute (SERI) in Colorado as the National Renewable
Energy Laboratory is being considered.

For your information, DOE has prepared an elaborate internal
tracking system that sets out milestones and a timeline for each
NES executive branch initiative. I have attached this

status report, which indicates the degree of attention that DOE
is giving the NES proposals.



NES Administrative At
Status as of June 18, 1991

3 Tracking System

2

-

1991 1992 1993 1994

No. |Administrative Action arijar2|ar3|qQr4 |Qri|Qr2 [ar3|ard|art1 [ar2[ar3|ar4[ar1[ara[araars
1 |increase Federal Energy Efficiency ' i

1.1 Executive Order . m

1.2 Establish Federal Energy Effidency Fund V777

2 |Improve Energy Efficlency of Public Housing : hg
21 |  Publish Muliyeer Plen Tk . ]
4 |Totsl Fuel-Cycle Costs i L

41 Phase I: Research Design/Definiton, and Agreements é

4.2 Phase Il: The Accounting Framework Analysls Z}/////ﬁ.

43 Phase lll: Exploring the Requirements of an E Systems Analysis 5 .

- 4.4 Phase IV: Identify Remaining Critical Issues and Needs E

45 Phase V: Comparison of Counterpart Studles and Fina! § ]

5 |Set Appliance and Equipment Standards E

51 | Rulemaking for Cleaning Products Standards [

5.2 Rulemeking for Nine Product Standards i
53 Rulemaking for Central Heating and Cooling Products Stds. %E' :
54 Rulemaking for Seven Products Test Procedures | %'
55 | LUghting Study 7
56 Extenslon of Testing E
57 | Rulemaking for Refrigeration Product Standards 71 1

6 | mprove Energy Efficlency lnformitlon fo Corlsumers V_' §:
61 | Bulldings Program Briefing for Support Office Personal

7 | Treat Efficiency Discounts By Utllities as Tax Free ve ;
74 |  IRS Prepares Technical Advice Memorandum (TAM) : 2 |

8 |Promote IRP within States E

'.;Z’;"é,,'iff, Administrative Actions Schedule | ] Progress Summery ® v
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NES Administrative Ac s Tracking System X
Status as of June 18, 1991
1991 1992 1993 1994 .

No._| Administrative Action Qh'1JQk2' ar3larsjariar2jar3jar4jQrt jQr2iQr3|Qr4jQrt !Qtr2 Qr3 | Qr4
81 Co-Sponsor and Perticipate in NARUC IRP Conference :

82 Collaborate with EPA to Assist In Preparation of Draft Regulations for | H

8.3 ‘Co-Sponsor and Participate in 5th National DSM Conference

8.4 Conduct Anelyses Leading to Reglonal IRP Planning In Two Reglons

85 Co-Sponsor and Participate in 5th Intemnational Energy Program Evalu

86 | Total Fuel Cycle Analysls Overview for the Electric Utllity Sector

87 Develop Handbook on Gas IRP Inifiative to Facilitate State Adoption E [ :

9 |Foster IRP In Federal PMA's i E

9.1 WAPA: Federal Register Notice of Proposed Energy Mgmt Program ;

9.2 WAPA: Conduct Public Meetings on Proposed Program W ; ]

93 | WAPA: Prepare IRP Workbook 1 —

9.4 WAPA: IRP Regulation Issued m ] _ |

95 | WAPA: IRP Regulafion Final Implementation Begins : —

96 | BPA: Develop 1992 Resource Program Plan r ]

97 | SEPA, SWPA, APA: Assess IRP Opportunities - ! :

98 SEPA, SWPA, APA: Assess Implementation of IRP Facllitation Progr: E

10 | Foster IRP Through FERC Regulation of Wholesale Power Markets v v
101 |  Estabiish Joint DOEFERC Working Group - ]
102 | Report on DOE/FERC Working Group i . ]

11 |Expand Access to Eloctriclty Transmission » H v :
111 DOE Presents Testimony on Transmission Issues at House Hearlng g b
11.2 FERC Announces Public Conference on Election Issues

1.3 DOE, FERC, and Interested Admin. Agencles Decide Next Step

12 |Promoto Mass Transli/Ridesharing Through Tax Free Subsidies
gralicgl:‘l;;/\dmlnlstaﬂve Actions Schedule [ ] Progress Summary ® A
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NES Administrative Ac s Tracking System
' Status as of June 18, 1991
‘ 1991 1992 1993

No. |Administrative Action Qri|qQr2|ar3|qQrajart |Qr2(Qr3jard a1 [Qr2]ar3
121 Issue Amended IRS Regulations 7\

13 | Accelerate Scrappage of Old Cars E v

131 Issue Technical Guldance Document

14A increase RED for Advanced Heat Engine Propulsloﬁ : :

14A.1 Demonstrate AQT Readiness m'

14A.2 Demonstrate LHR Diesel Engine /////////AJ: s

14A3 Develop Capabmtyfor)\umated Mftg. of Stuctural Components f WA

14A.4 Develop Exireme Environ. Lubricants for Adv. Heat Eng.

14B | Increase R&D for Electric and Hybrid Propulsion v
148.1 Achleve Tech. Readiness for Mid-Term Battery System ; [
148.2 Complete Eval. of Phosphoric Acid Fue! Cell/Battery Hybrid Bus Sy )
1483 Complete Devipmt. and Eval. of PEM Fuel Cell Transport Propulsic| [ -
148.4 - Complete Development of Mod. Elec. Propulslon System '

15 | Pursue High-Speed Rell and MAGLEV Initlatives vi v

151 |  Prepare Joint FRAICOE/DOE Dedislon Report —

16 |Enhance R&D for Efficient Alrcraft Engines and Fuselages

161 |  ComponentLevel Material Performance Verification W

16.2 Hybrid Laminar Flow In Board Wing Glove Flight Experiment | ;

163 | Large Scale Composite Components Structural Performance Verificat A

164 |  Groundbased Evalustion on Integrated FBLIPBW System @

17 | Expand Use of Intelligent/Vehicle Highway Systems g

171 Strateglc Plan for IVHS Development and Implementation AW/A: _

18 |increase Efficiency in Alr Traffic Control Systems @ i »
181 |  Complete Development of HARS 7 :
gl";:]eec:;/1?*1;981 Administrative Actions Schedule | ] Progress Summary ® A
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NES Administrative Ac  .s Tracking System
Status as of June 18, 1991
‘ 1991 1992 1993 1994
No. | Administrative Action ari|ar2|ar3fars|arijar2|ar3|arsfari Jar2fars[ar4 [ari[ar2
182 |  Complete Deployment of DOTS : ] :
19 |Evaluate CAFE Standards v . v :
191 |  Receive Report from NAS '
19.2 Submit Recommendations to Congress E D
20 |increase R&D on Telecommuting i v
201 | Develop Prototype WAN Packet ‘
202 |  Develop LAN Orlented Packet ;
203 |  Work with Industry to Develop Workstation Based Desk Top Multi-Mec
21 | Expand Mortgage Finance ncentives for Efficlent Homes v
21.1 Develop Home Energy Rating Procedures V///Ai
212 Provide Assistance to Org. Requesting Ald In Implementing Home Ene E [
22 |Develop Model Standards for Bullding Efficlency v
21 | Commerdal and Multi-Famlly High Rise Residential Standards m '
222 Single famlly and Muli-Family Low Rise Residential Standards m I
223 |  Federal Programs il ' .
|24 | Menitor mplementation, Entorcement, and Effoctveness of Stendards| 7277774
23 |Increase R&D on Waste Minimization ' p & v
23.1. Minimize Industrial Waste : b -
24 |Increase R&D on industrial Process Efficlency v '
| 24.1 Improving Energy Efficlency and Fuel-Flexibility m
25 |Expand dustrial Energy Audits -
25.1 Energy and Industrial Audits W///,:
27 |Mmcrease R&D on Renewable Technology E ‘
271 Develop and Adopt Program Plan for Increased R8D of Renewable Te m:
'I;:lt:‘:c:hh;i;si Administrative Actions Schedule | -] pmg,es; Summary . A
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NES Administrative A¢

«s Tracking System
Status as of June 18, 1991

1991 1992 1993 1994
No. ] Administrative Action |Qtrt Qtr2'ler3f Qr4|art|jQr2jQr3|ar4 |Qri|Qr2 | Qr3 | Qird Qtr1 Qr2 | Qr3 | Qir4
272 Annually, Develop and Adopt MYPP for Continulng Program of Increa E ‘
28 |ncrease R&D on Biomass Fue!s and New Energy Crops ' E
281 | Develop New Energy Crop(s) at $2.00/Million Btu ($34/dry ton) /////////A :
282 Cost-Competitive Ethanol ($0.80/gallon gasoline equivalent wholesale) /////7////4. I
283 |  Cost-Compleive Methandl ($0.80/gallon equivelent wholesale) W////////A] :
29 | Conduct Environmental Research Related to Hydropower E
29.1 Complete Research on Phase | Mitigation Studles :
20.2 Inltiate Phase Il Mitigation Studles ; 4 ]
20.3 |  Initiate Development of improved Environ. Eval. Criteria and Methodo I
30 |Mmprove the Licensing Procedure for Expanding Capacity at Existing | v E g
80.1 FERC Issues New Regulations 7K
302 |  Send Letter Requesting FERC to Upgrade Non-Federal Projects g]
30.3 FERC Chairman Advises Secretary of Implementation Schedule :
31 |increase Use of Municipal Waste-To-Energy 'Toehnology 9 E »
31.1 | ConvertMunicipal Solid Waste to Energy W//////,{
32 [Encourage Export of Renowable Energy and Efficiency Technology i v
321 | Trade Show (Guam) '
322 U.S. Export Coundll for Renewable Energy (US ECRE) Pacific Rim Tr: ; 3
323 Financing.of Energy Servces for Small Scale Energy Users (FINESSE
33 | Purchase More Alternative-Fuel Vehicles for Federal Use 5 b
331 1% of Fed. Fleet Procurements Alternative Fueled :
33.2 5% of Federal Fleet Procurements Alternative Fueled ; ///J; :
33.3 10% of Federal Fleet Procurements Alternative Fueled i :
34 |Increase Ol ProducﬂonlOuulde the Persian Gulf ?" +
' gxcglglzg Administrative Actions - Schedule [ ] Progress Summary \4 v
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Status as of June 18, 1991

NES Administrative A is Tracking System

1991 1992 1993 1994 ,

No. | Administrative Action arijar2]/ar3|ar4 jar1[ar2[arafars [ard ar2far3jars|Qtrt | ar2 | ar3 | ar4
341 Develop a Prioritized List of Counties H

34.2 Repeal Laws Hamperirig Forelgn Trade and Investment E :: ;

343 Formulate Action Plans to Ralse Near Term Production : : 1

344 Implement Action Agenda i | ‘

35 |Expand ﬂuo Strategic Petroleum Reserve i A :

351 |  Prepare SPR Plan Amendment C ]

352 | Negotiste SPR Ol Supply Contracts 1 —:

38 | Promote Horizontal Drilling

381 | Demonstrate the Applicabllity of Horlzontal Wells to Class 1 Reservolr W////// —

32 | DOE/States Effort to Biminate State Regulatory Impediments to Horlzs ]

37 |Increase Production of Caifornia Heavy Ofl v v

37.1 | Policy to Make Sure that Requirements for Caif. Heavy Oil Will Be Met m ' ,

372 |  Anelysis and Report Required to Study New Nat. Gas Pipln. and EO | E'? : ' 9

373 Fossil Energy Will Ensure that Kern-Mojave Gas Pipin. on Sched. m s ! |

38 | Allow Access to Certain Outer Confinental Sheif Areas : '

381 | End Congress. OCS Moratorla Beyond Pres.'s 1990 Decisions E |

i ; .

38.2 Assess Resource Base and Environ. Effects of Develop OCS Tracts F R

383 |  Consider New 5-year Plan (1992-1997) Leasing OCS Areas In Enviror,

384 Develop Leg. Iniiative for Greater Revenue Sharing and Influence In C 5 ; ]

39 |Increase R&D on Advanced Oll Rocovery
- 39,1 Expand the Nation's Econ. Recoverable Ofl Reserves

39.2 Advanced Research I |

40 |increase Ol Production from the Alaskan North Slope '

401 | ADeclsion Paper for Henson Moore of Org. of a Gov. - Industry Task :

gxc; &:/s; Adminigtrative Actions Schedule [ ] Progress Summary ® \d

Page 8




NES Administrative A
Status as of June 18, 1991

is Tracking System

1991 1992 1993 1994
No. | Administrative Action Qir 1 Qtr2' Qtr3|Qtr4 QrijQr2|Qr3|Qr4 |Qrt1 |Qr2 | Qu3 |Qr4 (Qr1 | Qb2 Qh’s er4_
40.2 The Asst Sec. for Fossil Energy Request for Participation in Task Fon A |
403 |  Task Forco Wil Periodically Meet to Identify Tech. and Regulate Barit i [ ]
42 |Assess Gas Resource Base and Deilverabllity "I v
421 DOE/FERC Will Conduct a Joint Study To Perform a Nat. Gas Study f W//A. '
422 |  PE Wil Conducta Secnd, Nat Gas Resource Base Study Based on 1 i m :
423 NPC Will Study Constraints to Increase Use of Natural Gas M: : l ]
43 |Study Effects of State Regulation on Gas Market » ’ v
431 | Develop Study 3 1
44 | Reform Pipeline Rate Design p 5
44.1 Pearficipate In FERC Proceedings ;
45 |improve Access to Pipeline Transportation Services ) 5
45.1 Participate In FERC Proceodings W
48 |Encourage Broader Use of Cléan Coal Technology ; : v
46.1 Publich Final Results From Each CCT Demo. Project i g
| 48.2 Publish Toplcal Reports as Clrumstances Warrant - Environ. Topical Ir
483 |  Publish Annual Program Update [ |
] 46.4 {dentify Project Related Events Suitable for Media Coverage i é :
1 485 Monltor Pro). Sponr. Comm. Planning and Provide Asst. Where Fed. R ' E
47 |Reduce Uncertainty about Environmental Contraints on Surface Min] i v
474 |  Velid Existing Rights ’ v 1
47.2 Remining : E
47.3 Subsidence Due to Underground Mining E.
47.4 |  Abandoned Mine Land Redlamation Fees M ]
48 |Improve Performance and Eficlency of Coa-Burning Technologles I
m/gf; Administrative Actions Schedute [ | Progress Summary @ v
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NES Administrative A.

/s Tracking System

Status as of June 18, 1991

1991 1992 1993 1994
No. | Administrative Action arijar2jar3far4|art [ar2|ar3jarafart [ar2Jarajar4[ari[ar2Jarafars
48.1 Demonstrate High Efficiency Clean Coal Power Systems ) ]
482 Demonstrate Super Clean Emission Processes ‘ ///////A; :
49 | Provide Regulatory Incontives for the Use of Clean Coal Technologle v : ’ Ad
49.1 Argonne National Lab Incentives Study m - :
492 |  National Regulatory Research Institute (NRRI) Study of Incentives W/‘ : ' ] :
50 |Encourage Export of Clean Coal Technology v : L4
501 | Create Coal Technalogy Clearing House I '
50.2 Establish Closer Liason With U.S, Embassies ; | : sj
50.3 | Increase Emphasls on Technologles Avallable for Export m 5 ! : 1
504 | * Reportto Congress on Promotion of CCT Exports ),
505 |  Study of Review Mechanlams for Financing CCT Exports
50.6 Inform U.S. Industry of Advantages of Export Trading Companles ﬁ' E ]
51 | Clarify "New Source Review® Provislons for Existing Powerplants v E
51.1 ‘ Adopting Interpretative of Leq!slaﬂve Rule for WEPCo W////ﬁ: E
52 |Reduce Uncortainties Regarding CAA )
521 [ NOx Contols 7//4
522 | Uty Toxics A ]
523 ‘Environmental Externalities m
53 |improve Public Understanding of Clean Coal Technologles E »
531 |  Deflne Target Audiences o '
53.2 Interact With Audiences and Assess Info. Needs i
53.3 Identify Opportunities to Disseminate Info. to Target Audiences §
534 | Expand Malling List Data Base L
53.5 Develop Plans for Future Activifes m.j
Il;r;l:cet/ :5981 Administrative Actions Schedule [ 1 Progress 22773 Summay ® hg
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NES Administrative A s Tracking System
Status as of June 18, 1991
1991 1992 1993 1994

No. _| Administrative Action artjar2jarajarsfart [ar2|ar3fara[ari [ar2farafars ari|ar2|ar3far4
61.1 Demonstrate ALWR Certification Process o ' - '
612 | Demonstate IFR Metal Fuel Cydle ' = I

61.3 | Demonstrate MHTGR Design Certification Process . —— : '

62 |Expedite Safe Progress In High-Level Nuclear Waste Management v E +

62.1 Interagency Cooroinaﬁng Committee m N '

622 Extemal Communlications/Interactions %

623 Contigency Planning W—j

624 Yucca Mountain Site Characterization §

63 {Develop Standardized Reactors §

63.1 Demonstrate ALWR Certification Process j

632 |  Conduct First-Of-A-Kind Engineering Program o Achleve Commerdial ﬁ ' I l

63.3 Demonstrate ALWR Certification Process A : ! L l
1634 |  Demonstrate MHTGR Design Cerfiication Process % : : '

.65 | Increase Use of Market Mechanlsms of Environmental Rulemaking a1 ! E A

65.1 |  Establish the DOE Waste Disposal Working Group g

652 [  Establish DOE Water Quality Working Group

653 |  Establish Coordination Points With EPA and OMB '

65.4 Mm First List of Legislaive and Reg. Actions for Mrkt Mechanism m_',

65.5 _ Develop Updated List of Potentiad Actions for Mrikt Mechanisms 5 [

68 | Study Toxic Alr Emissions From Utllities ’ u- : hg
66.1 | Establish Staff Contacts ]

662 |  EPAlnitate Planning of Sudles %j

66.3 |  Establich Interagency Group Involving DOE A:

664°| Complete end Review Study Plan B::
.mﬁlgr/s; Administrative Actions Schedule [ ] Progress Summary- % y
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NES Administrative A\ s Tracking System
Status as of June 18, 1991
_ 1991 — 1992 1993 _ 1994
No. | Administrative Action art[ar2]ar3|arsa|ariJar2[ar3|ar4 [art [ar2]ar3 [arajort [Qr2 |Qra | Qw4
66.5 Prepare Draft Report on Alr Toxics : 1
66.6 Finalize Alr Toxics Report to Congress E | _ I.
66.7 Prepare Draft Report on Mercury g [ : ' : 1}
66.8 Finallze Mercury Report to Congress E | ‘ 1
67 |Assess Radlonuciide Regulatory Practices by States
68A implement the Requirements of the Ol Spill Liabllity Act of 1990 v »
68A.1 Evaluate Improvements In Fed. and Ind. Oil Spill Response Capabl r ' —
38 |  Support International Global Climate Change Processes v | v
68B.1 Include These Adminlstrative Elements in the GCCEC Wrkplns | §
68B.2 Carry Out Infl. Technology Assessments m:
68B.3 Structure U.S, Emissions Inventory and Projections Study With EP %—___]
68B.4 Second Mesting of INC m
68B.5 - First Meeting of IPCC Emissions Task Force V7 |
68B.6 Preparation of U.S. Delegation for Vienna Convention and Montrea %
68B.7 IPCC Work Group Hll Meeting
68B.8 | 3rd Prep. Meeting for UNCED m:
68B.9 Third INC Mesting H .
688, 1( 6th IPCC Plenary Meeting O
68B.1- IPCC Work Group il Moeting 0
68B.1:{ 4th INC Meeting —
69 | Assure improvements in Global Climate Change Research i v
69.1 DOE and Interagency Activities are On-Golng ;
69.2 Prepare a DOE-Intemal Study to Determine if NES Prlorlﬂes arein the W__
70 | Assess impact of Projected U.S. Emissions of Greenhouse Gases v
ll;rac;]:cé:, :‘JBIIEQS; Administrative Actions . Schedule [ ] Progress Summery ¥ hg
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'NES Administrative A

s Tracklng System

Status as of June 18, 1991

1991 1992 1993 1994 ‘

No. |Administrative Action : arijar2jarsfars jary [ar2jQr3jarsjart [araJarafardjariJarajarsfars
70.1 First Assessment deq Report on Projected GHA Emisslons 5 ]

70.2 Second Assessment Cycle Report on Projected GHG Emlissions E :'

703 ' Cycles Will Continue on a Semi-Annual Basls . § ;

71 | Develop Performance and Cost Assessments that Limit Greenhouse E v

7.1 U.S. Energy Technology Assessment _

72 DOE Contribution to IPOé Energy Technology Assessment for INC m____l

713 |  Complete IPCC Intsmational Energy Technology Assessment Report N

72 [Help to Streamline Energy Facllity Siting 4 E v

721 Work With CEQ to Establish, Organize, and Conduct Task Force i //A.r

722 Establish Intemnal DOE Working Group on Energy Facility Siting m: - |

723 Conduct Siting Studles El : : ]

724 Support Preparation of Task Reports and Federal Action Plan ; ::

725 |  Supportinitation of Federal Action Plan .

73 | Develop Required Guldeiines for Preparing Impacts of Proposed Reg vi v

731 Prepare DOE Report on How Energy Impact Analyses Should Be Don %._

J 732 [ Form Interagency Task Force ;

733 Interagency Draft Report Prepared § r_J'|

734 |  Adminisration Approvel of Report 0

735 |  Prepare DOE/OMB Tracking System to Implement Analysls Guidance —

76 | Establish Federal Ressarch and Development Prioritles v i v

76.1 Phase I: Produce Preliminary List of Technical Objactives for FY 199% m i
762 Phase II: Refine the Initial List of Technlcal Objectves for FY 1994 :

76.3 Phase Ili: Publish a Final Report of Technical m]ecﬂﬁs of FY 1994 ¢ ; :j

764 Phasa IV: Establish a Follow-Up Plan of Program Planning and Budgt a;:]
g;l:cst"l‘lais; Administrative Actions Schedule | ] Progress ' Summery hg
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NES Administrative Av

Status as of June 18, 1991

S Tracklng System

' 1991 1992 1993 1994
No. | Administrative Action _ _ ar1far2Jarafars [ar1Jar2[araJar4 |ar1 Jar2[ar3[ara [Qrt [ar2[ar3[aQra
77 | Maintain U.S. Preeminence and Promote Excellence In Fundamental H hg
A Increase Fed. Support for Mathematics and Sclence Ed. W/ﬁ' ':

772 {  Improve Public Science Literacy, Especially in Regard to Energy W ] :
773 Strengthen Small Sclence Research m : |
774 |  Maintain User Facilijes W/////A i
78 | Pursue R&D on Nuclear Fusion Power : v
78.1 Déevelop Both Magnetic and Intemal Approaches Seperately Untll a C! i : ' ]
782 | Continue Collaboration and Cost Sharing '
783 |  Prove Technlcal and Econ. Credbillty of Fusion as a Power Source
81 |Pursue international Coflsboration for High-Cost, Long-Term Resoar.| @ v
et.{ Establish Procedures to Encourage Infl. Invimnt and Cost Sharing. m-‘_—_‘j
82 |Encourage Cost-Sharing Consortia L v v
821 |  Dviop. Action Plans for Encouraging Cost-Sharing Consorfia With OMI m i
83 |improve Federal Technology Transter v i v
83.1 Issue Quidance
832 [  Confinue Eval. of Confllct-of-Interest Laws and Policles %_j

833 |  PermitFed. Govt Agencles to Obtn Cpyrghts. for Comp. Sftwr. Dvipd. :

834  ExtendNat Coop. Research Act (NCRA) Protection to Joint Prod. Act
835 | Recommend Revislons to Fed. Govmnt. Procurements Regulations ar
8368 | Council on Competiiveness Report - 1
84 | Establish Award Program for Innovations that Reduces U.S. Oil Vuln vi v
841 | Evaluation and Selection of Award Winners A |
85 | Emprove the Natlonal infrastructure for Technology Transfor v
85.1 Conduct the Review of the Naflonal Technology Transfer Infrastructure | E

m :;/E; Administrative Actions Schedule | ] Progress Summary _»

Page 13




NES Administrative A.  .s Tracking System -l
Status as of June 18, 1991 S .
1991 1992 ' 1993 1994 :
No. | Administrative Action ari|ar2|arafars|arifar2farsfar4jariJar2[ars[ar4 [Qr1[ar2[ara[ar4
86 | Unify the Federal Export Promotion Effort v_v s ‘
86.1 Prepare a Proposal for Expndng the TPCC Chrter for Unifying the Fed 4 §
: g:tl:cg/:;ﬁ Administrative Actions Schedule | | Progress 77773 Summay ® , v
Page 14
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The white House

National Academy of Science’s Study of Fuel Economy

As T mentioned, we believe the NAS study of the technological feasibility
and economic practicability of further motor vehicle fuel economy improvements
is of increasing importance. Prior to DOT's contracting the NAS study, our
trade association, the Motor Vehicle Manufacturers Association, commission two
studies, one with SRI and other with Charles River Associates, This was done
because of the lack of serious studies of the subject.

These studies are now complete, and we are plamning to make them available
to the NAS study committee for background. (Since they are relevant to the NAS
study, we think it is appropriate to do so.)

o The SRI report concludes that the passenger car fleet could achieve
increases of 0.7 mpg and 1.3 mpg in 1995 and 2001 (over a 1990
baseline), based on a 4-year payback, and 0.7 mpg and 2.6 mpg in 1995
and 2001, based on a 10-year payback. (These projections are based
on data SRI received from Ford, GM, Honda and Chrysler.) For light
duty trucks, the fleet could achieve increases of 0.7 mpg and 1.1
mpg, based on a 4-year payback, and 0.7 mpg and 1.6 mpg, based on a

10-year payback.

The anailysis is based on a calculation of cost-effectiveness which
compared economic benefits (fuel cost savings exceeding the cost of a
technology) to the retail cost of implementing various technologies.

o The Charles River study concludes that, as an energy conservation
measure, higher CAFE is probably quite costly and is definitely very
risky. A 40 percent increase in CAFE standards could save 300,000
barrels per day of oil by 2001, at a most likely cost of $32 per -
barrel saved, above and beyond the price of the oil per barrel,

It also finds that, if global warming is the concern driving energy
conservation initiatives, then by far the most cost-effective policy
measure is imposing a carbon fee. A modest carbon fee — equivalent
to 5 cents per gallon of gasoline — could achieve the same CO2
reductions as the Bryan bill.

In the interest of keeping the Governor well informed on this issue, we
wanted to advise him of these plans. Of course, we would welcome any comments
or suggestions.

Jim Johnston
[ ]
JDJ:cba
1/2/°1
1660 L STREET,
;SgégE?ém WASHINGTOSN. g% 2'(;‘;6
755080 GENERAL MOTORS BLDG

?31 3) 5516?;16372 DETROIT, MICHIGAN 48202
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1 EXECUTIVE SUMMARY

INTRODUCTION

The Motor Vehicle Munufacturers Association (MVMA) retained SRI Intcenational (SRI) to
perform an independent analysis of the potential for fuel economy (FE) improvements and
associated costs for cars and light-duty trucks (LDTs). SRI was pleased to be the consultant *
chosen to assist MVMA . ' ' ' '

The objective of the project effort was to examine the potential FE [miles per gallon (mpg)]
gains achievable by the participating MYMA member (GM, Ford, Chrysler, Honda) vehicle
fleets for model year (MY) 1995 and MY 2001, combining domestic and imported vehicles. As
is done when the Secretary of Transportation determines maximum feasible average fuel
economy, SRI considered technological feasibility, economic practicability, and the effect of
other federal motor vehicle standards on fuel economy. '

To determine the potential FE gains for a free market environment, SRI evaluated the fuel
economy gains for various technolugics and incorporated those technology improvements (TIs)
that (1) would not cause shifts in consumer choice, produce size, driveability, or performance
other than those slready incorporated in the manufacturer’s product plans; (2) would not directly
result in loss of U.S. employment in the automotive industry or among its suppliers; and (3)
considered the effects of other state and federal standards (e.g., safety and environmental
rogulutions). The effects of fuel prices were also considered and the cost-effectiveness for the
technologies- were analyzed with two payback periods: 4 years and 10 years.

This study is new and different from other fuel economy projection studies in that SRI was
granted access o proprictary information. Product plans from GM, Ford, Chrysler, and Honda
on a platform-by-platform basis—including power train and body roll-out plans, new vehicle
programs, plant capacity levels, and cost data—provided SRI the ability 1o conduct & study that
would most accurately describe the industry’s fuel economy capabilities through the year 2001.

SRI first formed 4 project team of professionals with extensive expetience and knowledge of
the automotive industries. The team assessed information from a comprehensive set of global
sources. These sources included published data, in-depth interviews with personnel of key
organizations in the industry, interviews with outsiders familiar with FE issnes, and telephone
interviews. that provided further supplemental information.  Using this information dnd the
findings of its exhaustive personal computer-based analyses, the SRI team prepared forecasts of
industry capability for improving fucl economy through cost-cffective technologies—that is,
technologies for which dollar fuel savings exceed initial retail costs. '

In esseace, SRI's FE forecast procedure entailed the development of baseline 1990 values on
a platform-level basis, followed by addition of FE gains for 1995 and 2001 (TI by TI) that were
either planned by the companies or met certain conditions (e.g., market available. cost-effective).
Fleet results were then aggregated with sales volume weighting. (See Section II and Appendix A
for more details on methodology.) '



FINDINGS AND CONCLUSIONS

The findings and conclusions of SRI's research are summarized below for cach of the key
calcgories investigated; the forecast of maximum fcasible/practicable FE and the economic
analysis of TIs. The main text provides a detailed review of each of these main issues, and
Appendixes A through F provide detailed backup data. '

Maximum Feasible/Practicable Fuel Economy

. SRI's evaluation of the potential FE gain achievable under "product plan plus” (e.g., product
plans enhanced by FE-gammg Tls) conditions, such as increased use of market-available and

eost-eﬁ’ecuve TIs, resulted in several key findings. These ﬁndmgs are summarized below:

Projected FE gains for both passenger car and LDT fleets are fairly
conservative and would be slightly better in the absence of the safety and
emissions regulatory requirements scheduled for the next several years.

SRI forecast a net fleet gain for passenger cars of 0.7 mpg for MY 1995 and
1.3 mpg for MY 2001 as compared with the MY 199() baseline, given 4-year
payback TIs. Depending on the manufacturer, a range of opportunities in FE
gain will be above or below tiese average miles-per-gallon forecasts..

The car fleet gain with a 10-year payback basis is forecast at 0.7 mpg for MY - °

1995 and 2.6 mpg for MY 2001 as compared with the MY 1990 baseline.
Results of the FE analysis for cars by EPA size class show that most of the

future fleet gains in miles per gallon will be attributed to improvements in

compact and large cars

" Results of the LDT analysis forecast fleet gains of 0.7 mpg for MY 1995 and

1.1 mpg for MY 2001 as compared with the MY 1990 basehne. given 4.yr
payback TIs.

The LDT ﬂ_eet gain with a 10-year payback basis is forecast at 0.7 mpg for

‘MY 1995 and 1.6 mpg for MY 2001 ascompuedwiththeMY 1990 baseline.

Results of the LDT analysis by EPA class suggest that most of the fleet FE
gains will be achieved by improvements in 4WD large pxckups. 2WD small
pickups, and 4WD small pickups.

A review of technology penetration changes suggest ‘that fonhcbming
upgrades to fuel delivery systems, valve trains, and automatic trangmissions
(ATs) will be respousible for much of the fleet FE gain.

Economic Analysis :
SRI's analysis of economic aspects of the FE TIs produced some interesting ﬁndmgs
findings are as follows:

Relatively few TIs demonstrated cost-effectiveness (projected ‘dollar savings
in fuel exceeding initlal retall cost).

These



The list of cost-effective TIs increased somewhat as the payback period was
extended from 4 to 10 years and with extension of vehicle purchase from MY
1995 to MY 2001, but the majority of the TIs remained noneconomic.

Analysis of fuel price sensitivity indicated that few TIs would be reclassified
in terms of cost-effectiveness by modest vaniations (+30¢/gallon, -20¢/gallon)
in gasoline price versus baseline prices. In other words, the economic
attractiveness of most TI candidates is not sensitive to modest fuel price
variations.

A review of industry-level resource aspects revealed that substantial funding -

and engineering resource (e.g., trained engineers, test facilities) limitations are
applicable to FE enhancement, particularly given all of the other priority items
already on the agenda (e.g., the 1990 Clean Air Act. ufety regulations,
competitive pressure, and so forth).



.II INTRODUCTION

: BACKGROUND

Since the early 1970s, automotive manufacturers have achieved agmﬁcanumpmmnts in
fuel economy. The corporate average fuel economy (CAFE) for the combined domestic and
imported passenger car fleet has risen from 14.2 mpg in 1974 t0 an estimated 28.2mpgm 1991,
" 298.6% improvement. Light trucks have also shown significant improvements throughout the -
1980s. The combined domestic and imported light-truck CAFE improved from an average of
18.2 mpg in 1979 to 21.2 mpg in 1991, a 16.5% improvement. Tables 1, 2, 3, and 4 show the
historical CAFE improvement by manufacturer and ol ficet for passenger cars and light trucks.
Figure 1 graphically presents the historical fue] economy (FE) improvements for new passenger
cars, and Figure 2 illustrates the improvements for light trucks. Wexght reduction and
technological improvements (TIs) in these vehiclés contributed to major gains in fuel economy
during the mid-1970s to early 1980s. Marginal improvements in FE were achieved during the
latc 1980, an cra in which gasoline prices declined and fucl economy decreased in importance as
a motivator for a consumer to purchase a car. Consumers’ demand therefore shifted to lm'ger
vehicles, thus reducing CAFE levels.

Recenily, pressure has been applied to the United States Congress for various reason’s (such
as U.S. dependence on foreign oil) to dramatically increase mandatory fuel ecoriomy standards.
In particular, the United States Senate in 1990 considered.legislation calling for 8 40%
improvement in CAFE by 2001 [S.1224 spansored by Senator Richard Bryan (D-Nevada)].
Although §.1224 was withdrawn from the Senate floor in late ‘September 1990, similar
legislation is moving forward in 1991.

“The issue of enhanced FE is inherently challenging to the vehicle builder because of the
technical complexity, conflicting regulations, and severe constraints imposed by external factors
(such as fuel prices and market forces). A multitude of known means have been and can be used
to achieve berter FE although they are not always cost-effective (i.e., the cost to the consumer is
higher than the benefit). In the body/chassis area, for example, substantial progress has been
made and improvements such as reduction of size, aerpdynamic drag, rolling resistance, and
. weight continue to be made. Similarly, in the power train, many efficieacy enhancements have
been obtained ttoough developments in the engines [such as advanced multivalve dual overhead
cams (DOHC) cylinders heads and substitution of aluminum for iron castings] and transmissions
(such as using electronic controls, .switching from 3 or 4 to S speeds, using lockup wrque
converters). All of the different approaches vary in terms of cost-effectiveness and suitability for
diffusion through the flects of tomorrow. Many approaches are not cost-effective at curreat fuel



) Tabls 1
MANUFACTURER'S NEW CAR CORPORATE AVERAGE FUEL ECONOMY RATING:

CITYHIGHWAY (Miies per Gallon)
: Actual Sales Prefiminary Sales
Manufachurer . 1978 1978 1979 1980 _1961 1982 1983 9984 1965 1968 1967 1988 1969 1990 1891
DomesticFlests = : . _
America Motors 183 186 207 223 231 250 245 . - - - - - - -
Chrysler 199 184 205 223 288 276 269 278 279 2718 275 285 280 2711 275
Ford Molor 142 184 192 229 244 250 243 258 266 270 269 266 266 204 276
General Molors 129 190 191 28 D8 246 240 249 258 266 269 276 272 274 2790
import Flests - . _
Alta Romeo ' -~ 214 207 224 231 260 258 275 277 279 255 257 289 M1 252
AMSC-Renaut - 304 303 343 202 329 320 32 2086 265 320 - - - -
BMW 96 197 201 287 273 269 262 280 264 257 249 217 222 22 232
Chrysler - 806 2323 336 329 26 345 362 362 368 334 307 303 3NS5 284
Fat-Lancla : - 217 284 274 284 264 132 - - - - - - - -
Ford Motor " = 373 321 307 352 349 354 356 252 243 242 359 NG 323 333
Fujl (Subaru) 257 294 200 287 320 320 330 333 326 3IN9 30 319 J25 278 288
General Motors - 269 290 - - - - ~ 479 412 390 376 JI7t 329 NG
Honda . 311 337 290 303 316 339 330 358 345 333 332 327 318 308 04
Hyundal - - - - - - - . - -~ 351 348 345 334 333 3386
fsuzu ‘ - - - - 356 381 3.4 292 342 355 3IB8 349 358 32 M2
Mercedez-Benz 159 192 205 246 263 268 272 282 216 213 223 213 214 214 224
NG-TR-Jaguar 243 211 212 222 190 190 190 194 193 190 193 221 204 - -
Nitsubishi - - - - ~ 336 308 216 319 315 317 812 Y 300 303
Nissan (Datsun) 240 269 288 322 314 312 34 .325 304 303 297 306 304 284 2838
NUMMI (GM-Toyota) - - - - - - - ~ 357 3BA t t- - -
Peugoot . 190 248 238 28t 287 280 258 250 252 248 241 236 255 251 260
Sasb : 198 227 217 243 241 248 268 260 204 263 262..285 268 - -
Suzuld - . ' - ..— 387 525 504 503 369 474 433

Toyota 7 325 268 240 283 518 309 33 335 385 327 34 J30 321 306 305
ToyoKogyo (Maxda) 136 355 256 268 319. 298 234 306 303 207 298 287 298 305 298
Yovo .

194 212 200 223 29 250 268 270 272 268 264 260 250 252 252

VW-Audi-Porsche 959 272 286 323 352 334 307 291 3055 208 301 305 304 200 298
Yugo ' - - = - - = -- = 321 317 338 338 MO0 M8

Notes: The 1974 figures are estimeted, based on 1972 FTP Certification figures. The GM, Ford, and Ciwyslor averages reflact the fiil-sels indusionof
capiiva Imports in 1974-77, thelr partal incluslon in 1978-79 and tolal exclusion in 1580 Baginning with MY 1980, figures reflect CAFE adjustments
vesuliing from changes in test procedure {Faderel Reglstor, July 1, 1835) i
* NHTSA delermined thel AMC was no fonger a *domastic™ producer bocause h did not meet the domestic content requiremants of P.A.84-163.
Beghnning in 1967, vehiclas are counted as part of Toyota and GM import fledts. )
Beginning with MY 1985, Porsche is nolincluded In VW flest,
Soirces: 1974-77 datac U.S. Enviroaments Protection Agency (Murvefl, Foster, Brislor), "Passenger Car And Light Truck Fusl Ecoromy Trends Through
1980, SAE No. 80053. 1978-1991 data; U.S. Dapariment of Transportation, Februmy 1, 1809




Table 2
$0-STATE CORPORATE AVERAGE FUEL ECONOMY FOR NEW CARS
(City/Highway Miles per Gallon)

Madel Federal - Total
Year - Standard* Floot
1974 * None 142
1975 None 158 .
1976 None 175
1977 None 183
1978 18.0 T188
1979 19.0 203
19804 20.0 43
1881 220 59
1982 24.0 . 266
1983 26.0 - 264
1984 270 269
1985 2758 276
1086 26.0¢ 282 .
1987 26.0§ 285
1088 26.0§ 28.8
1989 (prefiminary) 265" 28.3
1990 (prefiminary) 2761 28.1
1991 (preliminary) 275 28.2

Nolo Fqum!onsss. 1890, and 1991 are preliminary estimates.

Altomative standards may be set for certain low-velume manufactirers for exampis
_ Maserati, Lamborhini, London Coach). (Federal Registor, Apti 4, 1990)

I Aftor 1878, domestic flast does no! inciude any domastic sponsored imports.
NHTSA revised 1968 standard on October 4, 1885,

’_ NHTSA revised 1887 standard on October 6. 1988,
NHTSA sat standard of 26.5 mpg on April 5, 1888,

1+t NHTSA retained standard of 27.5 mpg on May 22, 1889,

Sourca: LS. Department of Transpariation, February 1, 1991,

Table 3
NEW LIGHT-TRUCK FUEL ECONOMY/COMBINED 2WD AND 4WD FLEETS
(Sales-Weighted City/Highway Miles per Gallion)

Mode! Federal Total
Yosr _ Standard Flest
1978° t 18.2
1980 t 185
1981 1 20.1
1982 175 205
1983 . 190 207
1984 200 206
1985 195 207
1986 200 215
1987 205 217
1988 2085 213
1989 205 209
1990 200 208
1991 202 212
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Table 4 -
CHARACTERISTICS OF U.8. AUTOMOBILES

» : 3975 1950 Change
Total passenger car fleet average

CityMHighway mpg 158 278 + 12
Wiight (Ib) 4058 3171 -887
Displacement (in.3) 288 184 124
Fuel injection (%) 51 960 + 909
Manual ransmission (%) 199 231 + 8.2
Front-wheel drive (%) 65 815 + 75
Total light-truck fleet average

CityHighway mpg 187 210 + 7.3
Weight (Ib) 4072 8952 =120
Displacement (in.3) 311 2383 -78
Fuel injection (%) 01 956 + 955
Manual transmission (%) 370 29.0 - 8
Front-whee! drive (%) - 136 + 136

Source: EPA, Murrell & Heavenrich, “Light-Duty Automobile
Technology and Fuel Economy Trands Through 1990°

’...~‘O
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MODEL YEAR
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FIGURE 1 NEW PASSENGER CAR FUEL ECONOMY, 1974—1991

1991
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The analysxs of vehicle FE is complex and often controvmml. The Motor Vehicle
Manufacturers Association (MVYMA), based in Detroit M:chxgan, therefore sought an
independent study to assess the technological feasibility and economic practicability of increased
fuel economy. SRI International (SRI) is pleased that MYMA chose SRI International's (SRI)
Global Automonve Practice to undertake this important and challenging assignment.

OBJECTIVES AND SCOPE

In accordance with MVMA Agreement Number SRI 9107-C1124 (22 Janus,ry 1991) SRI
- inidated the project with the primary objective of forecasting the industry’s capability to improve
future FE of gasoline- and diesel-powered cars and light trucks. SRI was retained to "conduct &
study that will contribute to the quality of public debatc aboat vclncle fuel economy legislative
and regulatory policy,” as stated on page 1 of the MVMA agreement. SRI was asked to compare
the 1990 baseline of Chrysler, Ford, GM, and Honda as to the effects ofwaddng the maximum
feasible/practical level to determine the differences in fuel economy.and economic impacts (e.g.,
retail product costs, investments, lead time, etc.).

The scope of SRI's study considered economic practicability, technological feasibility, the
effects of state and federal regulatory requn'emts. and customer acceptance of poteatial fuel
econonty measures. The scope also encompassed estimation of fuel economy benefit and cost of
individual technologies based upon the best available data and engineering estimates applying
sound engineering principles and substantiated by applicable technical literature, taking into
account Jead time, product variability, manufacturing limitations, ‘and other production and
customer considerations.



METHOD OF APPROACH

. ‘The project began with a kick-off meeting held in Detroit on January 4, 1991. (See
Appendix B for identification of the project team and their professional responsibilities.) The
SRI team initiated the project effort with a manual and computer search of global daw
publications. The team then reviewed this information and published data that MVMA and its
members made gvailable to SRI during the January 4 meenng. In late January, the team began
the U.S. field investigation program, conducting intense interviews (i.e., day-long work sessions
with experts in technology, economics, etc.) with vehicle OEMs, component systems suppliers,
and other sources. Following this U.S. investgadon, tcam members oon,ducted offshore
interviews with relcvant sources in Japan and Europe. To supplement the above interviews, SRI

staff members conducted numerous telephone discussions. (See Appendix C fw a complete list.

of organizations that SRI visited.)

As background, SRI also received extensive proprietary information from the participating
MVMA manufacturers (GM, Ford, Chrysler and Honda). This information includes descriptions

of a 1990 baseline model year (MY), changes, new technology, investments, coxsts, and other -

information necessary to define FE-related improvements targeted for MY 1995 and MY 2001.

The SRI team established the 1990 baseline for the participating manufacturers' fleet as an
initial step in the data reduoction process. The team repeatedly met and agreed on varions ground
rules about how to handle platform changes, criteria for determining which TIs satisfied the
study conditions, probable gains for the Tls, and how to comrectly and oonsxstcmly perform the
clectronic spreadsheet work. In paraliel, SRI experts performed the economic analysis; however,
the final determination of the TI benefits (fuel savings stream) depcnded on the final mpg results
of the forecast analysis. Various team members cross-checked the mpg and economic analysis to
ensure their accuracy. ’

SRI began with an examinatiop of manufacturers’ product plans and then. increased, if
possible, the use of market-available, cost-effective technologies for MY 1995 and MY 2001.
SR1I then estimated only maximum feasible/practicable FE potential for each manufacturer’s
platforms and fleer. The estimates reflccied the range of uncertaintics and oppertunitics
surrounding the benefits of technology, application rates for such technology, and the effects of
factors outside the manufacturer’s control. For gasoline and diesel-powered passenger car and
light-truck fleets, SRI established a sales-weighted, harmonically averaged FE level for the
manufacturers as a whole (combining both imported and domestic. fleets), in MY 1995 and
MY 2001. Dawm were also aggregaied by market segments as defined by EPA size classes for
passcnger cars and for light trucks. MVMA wanted SRI's analysis to represent market-driven
CAFE improvements that would be cost-effective based on the projected fuel prices through this
decade. Thus, SRI did not consider actions that would either:

v Dxrectly result in a net Joss of U.S. employmcm in the automotive industry or
among its suppliers (e.g., re-sourcing products, product deletion/restriction,
etc.)

* Or cause shifts in consumer choice, product size, driveability, or performance
other than those already incorporated in the manufacturer’s product plans.



SRI took into sccount the pétennal influences of non-MVMA member automakers and
components sources in the future market. Mostofmedausomuslisted in Appendix C are not
participating members of MVMA.

In conducting this study, SR1.also considered the following:

- . E&‘ectsofstatemdfedcralrequumnumthemofsafcty. emissions,
chloroflucrocarbon (CFC) phasc-out, damageability, and noise. Such
requirements frequently lead to weightinciaasesﬂmmdtmm

* Asscssments of potential FE benefit of technology based on engineering
" evaluation, Ppublished material, data from outside MVMA membership, and a
study of existing products. Note that the engineering evaluation did not
include independent laboratory tests at SRI, but it did involve the collective

judgment of a group of members of the Society of Automotwe Engineers
(SAE) on the SRI project team.

+ Cost-effective applications of technology for two scenarios with different
payback periods based on fuel-price trends for each technology and & 10%
discount rate for both scenarios. Both scenarios are baséd oh the:

— Present value of (PV) fuel cost savings to the customer -
— Technology costs ar the retail level

— Market acceptability (reasonable, accepted consumer perception of use,
serviceability, cost and benefit).

Scenario 1 uses only technologies that achieve payback in fuel savings within
4 years (the assumed ownership of the original buyer). Scenario 2 allows
technologies to be used if payback is achieved within 10 years (approximate
lifetime of the vehicle). The scenarios were used 1o establish the range of
potential maximum feasible fuel economies for the indnstry '

« Effects of future fuel prices on and avmlablhty of technology applications
based upon SRI's oil price forecast.

v Practicable rates of technology diffusion, considering product life cycles,
individual manufacturer lead times, capml constraints. and sourcing
capability.

¢ Consualnts on manufacturers' ability to satisfy market needs for utility, size,
mix, convenience, performance, safety, and comfort.

Most of the industry-provided data were highly proprietary; and SRI treated all of these data
with strict confidence and utmost security. Only designated SRI project team members had
access to-the data, and all data was kept in a limited access secure office. Upon completion of
the project all proprietary material will be shredded or returned to the providers.

REPORT ORGANIZATION ' '

The report consists of four sections and nx appendixes. The prior executive summary
presents highlights of the project findings and the SRI team's eonclusxons. Following this
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introduction are the two key sections containing the significant elements of the research. The
fuel cconomy forecast of Section I gives the reader a basis for understanding what
improvements are feasible/practicable in reducing fuel consumption, how these results vary by
type of vehicle and year of purchase (MY 1995 or MY 2001), and by economic scenario (4- or
10-yesr payback .of costs). Section IV provides dewils regarding the economic analysis,
particularly the benefits versus costs for the various Tls. Finally, the appendixes supplement the
main report with information about details on SRT’s methodologies and computations in
Appendix A, the SRI project team in Appendix B, a list of field contacts in Appendix C,
background of SRI's gasoline price forecast in Appendix D, pmjechom of miles that vehicles
travel cach year in Appendix E, and fuel price-sensitivity data in Appendix F. For reader
oonvemm,sglossuyxswmdedatthemd of the report.

1



I FORECAST OF MAXIMUM
- FEASIBLE/PRACTICABLE FUEL ECONOMY

lNTRODUCﬂON

mmjorﬁndmgsofﬂussnadymtbemprqecuonsforthepmmungmufm
domestic and impart fleets expected to be sold in the United States in MY 1995 and MY 2001

based on future product plans. Note that passenger cars are separated from light-duty trucks
(LDTx) throughout the presantation of results of the miles-per-gallon discussion. Cars and LDTs

differ considerably from a FE point of view. For example, LDTs must meet certain utility and
load-carrying needs not required of passenger cars, thus driving up vehicle weight and
compromising acrodynamics. The need for larger and higher torque power trains in LDT's also
limits the prospects for FE gains. Moreover, certain passenger car TIs—for example, overhead
cams (OHC)—are less acceptable to LDT consumers.

DESCRIPTION OF MAJOR FUEL ECONOMY TECHNOLOGY IMPROVEMENTS

SRI's description and remarks on wchnology improvements sets the stage for the subsequent
presentation of mxles-per-gallon results. The major TIs are described below.

Compression. Ratio Increase. A small increase (5-6%) in- eompressxon ratio can
measurably improve FE (and power) with better thermal efficiency of the engine, but yet respect
spark limits (not trigger detonation). This TI can be widely applied with small modifications to
cylinder heads, clectronic engine controls, and knock sensors but can nmn existing fuel octane -
levels. FE gains are in the range of 1.3% (suboptimal basis) to 2 0% (optimal basis with

performance ncutral).
Decel Fuel-Off. Fuel injectors are automancally shut off dunng dccelerauon, but are not

applicable because reactivation can cause an increase in hydmcarbon (HC) emissions that would
conflict with future emissions standards and consumer acceptance ;s quesnonable FE gain is

" sbout 1%.

Special Lube Package. This special ludbe package uses reduced viscosity olis (such as
synthetics) to replace regular mineral oils in the power trains, minimizing friction losses. Some
R&D effort and supply enhancement (and EPA approval) are still necessary, but the package
should be widely applicable by 1995. FE gain is abont 0.3%.

Direct Acting Bucket. The DAB (e.g., salid lifter) approach to valve actuation by cams in
lieu of hydraulic lash adjustors reduces pumping losses. ‘I‘heeﬁ"mcy gam can be taken in FE -
(1.0% to 1.5%) or power or both, but these DAB valve trains can be noisy and need periodic
mechanical adjustment. Consumer soceptance problems, therefare, block application,

Advanced Tires. Current rubber radial tires are highly developed and offer favorable
rolling resistance. Advanced rubber radial or injection-molded polyurethane tire designs,
however, can reduce rolling resistance by 10% 10 15% from a 1990 baseline tire through
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Mucumoﬁb-dnglhymbmm the carcass and tread, yxeldmg apprmmatelyal%FE
gain. Applicability of these advanced tires will be widespread by 2001.

Aerodynamic Drag Reduction. Aerodynamic drag forces on the vehicle are proportional
lo:hefrmmlmd:ccocmcwntofd:u(m).urdensuy.andthzsqumofmvelocny Drag
reductons (on the arder of 10%) can be addressed first with body shape and detail refinements
(Cd reduction) and second with reductions in frontal area (more difficult). A 10% reduction in
drag, which yields an FE gain of about 2.4%, can be generally accomplished at only major cycle
points in body freshening and thus will be largely applied only after MY 1995. Theé industry is
facing diminishing returns with this technology, and applicability to trucks is less feasible
considering thwhrgcﬁontalmandopcncugom

Throttle Body Injection Throttle body (single-point) electronic fuel injection ('I'BI)
provides a substantial gain in FE (approximately 2.6%) and air/fuel metering control compared
with carburciors. The superior emissions performance of mulupon electronic fuel injection,
however, means that TBI will be essentially superseded by MY 1995, and penstration will £all.

Roller Cam Follower. The roller cam follower (RCF), as implemented with ¢ither pushrod
or overhead cam yalve tains, reduces friction losses and improves FE (in the range of 1.0% to
23%)orpowm-orboth The sliding contact with the cam is replaced by a hardened steel roller
configuration. -Applicability is widespread for cars and trucks.

Lockup Automatic Transmision Instead of an open torque converier ‘with continuous
slippage losses, the Jockup automatic transmission type is programmed to engage a clutch and
become direct drive above certain ground speeds in gears 2/3/4, yielding FE gains (on the order
of 1.7% to 2%) mainly in the highway mode of the test cycle. Lockup AT is widely applicable to
cars and trucks. - .

Variable Valve Timing. Variable valve timing (VVT) can be implemented in various
ways, but the strategy 'most relevaiit to this study is variation of intake valve phasing and
possibly lift. Unlike fixed valve timing with inherent compromises in low-speed vs high-speed
" performance, the VVT allows both decent torque at low speeds and high power at high speed
from downsized engines, which can translate to FE gains of about 2.6%. The high cost and low
cost-effectiveness of VVT limits application to selected OHC engines.

Friction Reduction. In the power traln, the chief frictdon losses appear first in the
piston/bore vicinity and next in the numerous bearings. A long-term goal has been to reduce
such parasitic losses; now after decades of effort, practical limitations loom. A redesign of
pistons/rings and modification of bearings could, however, achieve a 10% reduction in friction
from 1990 base levels, yielding an FE gain of 1.5% to 2.0%. Tlus‘l'[mll be applicable mainly
with power train Cycle changes after MY 1995.

Ultre-Advanced Automatic Transmission. Applxcmon of proprietary wchnology o
existing electronic lockup automatic transmissions can provide a 2% additional FE ggin, making -
them very close to manual wansmission efficiency. Uhn advanced ATs will be applicable
mainly in selected platforms afier MY 1995,

Weight Reduction. Using the 2:1 rule of thumb, every 10% reducuon in veh:cle weight
ylelds a 3% FE gain. This would most likely be achieved primarily through materials
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substitutions and secondarily with "gdcompms.lnthismdy.weightadjusmms
will mainly impact MY 1995 piatforms.

valve are fed by pressurized fuel rails. FE gains are on the order of 1.5% to 2% over TBL
MEFI/SFI will be widely applicable to all engines

4- and 5-Speed Automatic Transmissions, Compared with 3-speed automatics, the 4- and
S-speed transmissions (with or without lockup) allow engines to operate closer 1o top efficiency,
with arendant FE gains (0.5% to 1.1%). Beyond 4 speeds, however, diminishing returns are
realized. The 5-speed AT will appear mainly in certain cars (not trucks) after MY 1995,

Lean- Ultra-Lean Burn Engines. Instead of operating at stoichiometric (15;1) air fuel
ratios, lean- ultra-lean bumn engines operate at 18-22:1, often with a stratified charge sysiem
possibly with direct injection, The leaner burn approach saves fuel, but potental misfire and
NOx emissions control deficiencies precludes application of the engines for U.S. applications
until 2 new catalyst system is developed. Available FE gain would be 6% to 10%.

Split Port Intake. The split port intake design allows variable intake tuning to optimize
both low- and high-speed operation. A long runner with small diameter would always be open to
one port, while the other port would be fed with a shorter/larger runner (including a butterfly
valve) at higher speed only. A downsized engine would optimize FE gain. The gains available
are in the range of 1.5% to 3%. This TI will be applicd mainly after MY 1995 in U.S. engines.

Engine Weight Reduction. Substitution of cast aluminum for cast iron heads and blocks
reduces engine weight and thus directly contributes an FE gain (1% or so for heads and 1.5% for
blocks). Aluminum heads will be widely applied, blocks less s0. Trucks will be less likely to
use aluminum in engines.

Cylinder Reduction: V6 for V8 and ¥4 for V6, In theory, while holding displacement and
peak horsepower constant, a reduction in cylinder count and moving parts count will reduce
frictional losses and therefore provide an FE gain (approximately 1% with V6 for V8). In
practice, these gains are offset by the higher lugging speeds inherent in engines with reduced
cylinder counts. Consumer acceptance problems also make this TT not applicable.

Retuned Intake System. All intake systems are tuned, but some more optimally than
others, Some redesigned intake manifolds/ports and valves would yield more efficiency or
power (or both) that could be harnessed as a small FE gain (0.5%). This technology is already
standard on many vehicles, and application of this technology is expanding,

Electronic Autommatic Transmission. Use of electronic (in lieu of hydraulic) controls can
better select shift points to yield a small FE gain (0.5%). Ultimately, one electronic control
module would manage both engine and transmission control functions. This technology will be
widely available by MY 1995.

2-Speed Accessory Drives. Single-speed drives of such accessories as power steering,
water pumps, and alternators can drain excessive power at higher speeds. The 2-speed drive
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allows less power loss and some FE gain (0.7%). Poor cost-effectiveness, however, will limit the
application of this TL

Aluminum Heads. Besides the previously mentioned weight benefits of Al heads,
combustian chamber designs in Al can begter optimize power and emissions performance,
yielding a small FE gain (approximately 0.5%). Al heads will be fairly common in passenger car
engines in the 1990s.

Light Valve Trains. Substitution of titanium for steel valve train components improves
high-speed stability and reduces inertial losses leading to a small FE gain (approximately 0.5%).
Application will be more likely toward latter half of the decade.

Multivalve Heads. Addition of intake and exhaust valves (3V or 4V heads) improves
breathing efficiency and power, particularly in the upper speed ranges. The chief FE gain (in the
range of 0.8% to 1.3%) comes from use of downsized engines operating faster with equal power
output. Low-speed torque aspects may suffer, however, thus limiting the utility of this TI for
larger vehicles, such as LDTs, Use of multivalve heads will become more widespread on
overhead cam engines in passenger cars.

Overhead Cam. The OHC (single or dual) for valve actuation (in lieu of pushrods) moves
the cam to the wp of each cylinder head, reducing the inertial losses in the valve train, improving
high-speed operation, and allowing a more optimally shaped combustion chambex/port design.
These benefits translate 10 power and FE gains (in the range of 1.1% to0 2.5%) or both. The gain
is about equal for SOHC or DOHC

Continuously Variable Transmissions. With the availability of a wider range of stepless
drive ratios, the continuously variable transmission (CVT) in theory can more efficiently propel
vehicles than can 3- or 4- or 5-speed automatic transmissions. In practice, the CVT is best suited
for smaller passenger cars (not LDTs), and the actual FE gains are quite small (approximately
1% t0 2% over 4-speed AT). Future electronic controls will help improve CVT performance.

Supercharged/Turbocharged Engines. Optimal redesigns of downsized gas engines with
such forced induction systems can demonstrate potential FE gains up to 8% over comparable
larger, naturally aspirated (NA) engines. In practice, however, the power gains are usually taken
and the FE gain is not realized. These engines are not widely applied.

Electric Power Steering. The deletion of steering hydraulic power losses and replacement
by electric motors can yield a noticeable FE gain (approximately 1.4%), Potentially high costs,
however, limit the applicability of this TI.

FWD Layout. Setting aside weight differences, a conversion of RWD to FWD can produce
a small FE gain (approximately 0.3% to 0.5%) by eliminating some gear set losses. The
principle FWD benefit, however, is the repackaging opportunity that could lead to weight losses
elsewhere in the body. Actual power train weights are not far apart (FWD vs RWD). High and
steady penetration of FWD through the 1980s means that FE gain opportunities for FWD are
minimal.

PASSENGER CAR FLEET

Table S presents SRY's FE fleet projections for cars, based on an aggregated bottom-up
(platform-by-platform) analysis. These numbers represent a “"product plan plus” view of
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potential miles-per-gallon results—that is, certain worthy TlIs were added to existing product
plans that are met in the contract conditions outlined in Section IL In preparing these
projections, SRI used the following guidelines:

¢ Existing corporate futre product plans for each platform were used in the
analysis. These plans incorporate may TIs that manufacturers plan to include
for reasons primarily other than for fuel savings. SRI’s access to proprietary
product plans enhances the creditability of the miles-per-gallon projections,

* SRI added TIs not already in the plan but that met contract conditions—for
example, 8 lube package in MY 1995 and low-rulling resistance tires for most
in MY 2001—but did not delete Tls from the plans (see Section IV).

* The 4- and 10-yr payback miles-per-gallon results for MY 1995 were the
same, predominantly because 1995 capability is largely driven by increased
use of FE improving technologies already in manufacturers’ product plans.
Further, some of those few technologies that become cost-effective on a 10-yr
payback basis in 1995 are judged to be unacceptable to consumers (discussed

in Section IV),
Tabls 5
U.S. PASSENGER CAR FLEET FUEL ECONOMY PROJECTIONS
(Domestic and Import)
Fuel Economy* (m 7
Payback MY 1950t MY 1995t MY 20011
Period Baselinet Projection_ Projection
4 years 27.4 281 28.7
10 years 27.4 28.1 30.0

" Harmonically sales-weighted average actoss fleet.

t Federal Test Procedure Adjustment Is not included.

$ Based on actual data (as submitted 10 the EFA), unadjusted basis.

Source: SRl International, Ford, General Motors, Chrysler, Honda

Figure 3 summarizes the results of the miles-per-gallon analysis of the passenger car fleet in

bar graph form. The key outcome of the analysis for passenger cars is a projected conservative
future gain over 1990 baseline miles per gallon. Note, that SRI’s calculated miles-per-gallon
figures were unadjusted for special EPA credits. Each manufacturer is allowed a credit worth an
additional 0.2-0.3 mpg for the change in the federal test procedure. For example, a federal test
procedure adjustment would yield a MY'1990 fleet FE of approximately 27.6 mpg.

Table 6 presents the results of the miles-per-gallon analysis of the passenger car fleet by
EPA class (interior volume basis). These results show the considerable variance in miles per
gallon across the range of car sizes. Generally speaking, as the car size and weight go up, the
miles-per-gallon performance declines. The major energy loss incinred in driving any car is that
required to overcome the inertia of the mass, followed by aerodynamic drag, and then rolling
Tesistance,
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MY 1850 MY 1088 MY 2001 o MY 2001
4- and 10-Year Basis 4-YourBasls = 10-Yoar Basis

$OURCE SR! Intsmational
FIGURE 3 PASSENGER CAR FLEET FUEI. EOONOHY OUTLOOK

- Table§
PASSENGER CAR FLEET FE PROJECTIONS, BY EPA CLASS
: MY 1995 MY mj
MY 1880 4-yr Payback 10-yr Payback ._&-yr Paxback 10-yr M
volume Volume Volume .. Volume

EPA Size Class MPG Fraction MPG Fraction MPG Fraction MPG Fraction MPG Fractlon
2 seater . 295 0011 271 0012 277 0012 278 0.01Y @287 0.011
Subcompact 310 0471 822 0119 822 0119 322 0078 335 0078
Compadt 291 0323 309 0333 309 03 320 03I 3I34 0336
Midsize 266 0294 270 0239 270 0239 275 0309 2889 0309
Large 238 0148 243 0250 243 0250 253 0229 2864 0229

Small 325 0008 3819 0027 319 0.027 332 .0022 858 0022

Mid size 254 0024 263 0020 263 0020 2686 0015 283 0.015

Large 26 _0023 NA 0 _NA 0_ _NA 0 NA_ 0

Fleot apgregate® 274 1.000 281 1000 2841 1000 287 1.000 300 1.000
molumoﬂmhrwesmdzommhrsnmprmormﬁvaﬂeﬂmdbrimmuwm No dataon

minicompact EPA class,
“Harmonic mean volume-weighted, unadjusted
Source: SR international
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LIGHT-DUTY TRUCK FLEET -

Table 7 and Figure 4 present SRI's LDT FE fleet projections. As for the passenger car fleet
FE projections, SRI calculated the LDT FE projections on a "product plan plus” basis. Noie that
LDT ﬂeets are based only on those of General Motors, Ford and Chrysler. -

: Table7
U.S. LIGHT-DUTY TRUCK FLEET FUEL ECONOMY PROJECTIONS
. (Domestic and import)
_ Fue! Eco
Payback MY 1990 MY 1888 MY 2001
. Pariod ' Baselinet Projection Projection

4 years - 203 21.0 - 214

10.yoars 20.3 . .21.0 219

Basod on actual data (as submitted to the EPA), lmad]umd baih.
: 8RI lmomatnnal Ford, Ganaral Motors, Chrysier
Table 8 presents the FE. .projections for the LDT fleet by EPA class. Note that LDT EPA
classes are diffefent from those for passenger cars. LDT classes are based on physical
characteristics rather than interior volume, For this analysis, SRI relied on the manufacturers*
product plans as to which future vehicles would be assigned in which EPA classes. The volume
fractions (equivalent to percentage sales lmx) were derived from the manufacmrer furmished

sales data for both Tables 6 and 8.

mpg
25--

15 4

10 «

MY 1990 MY 1905 O wvzer MY2001
" 4-and 10-Year Basis  4-and 10-Year Basis 4-Year Basis 10-Yoar Basia

SOURCE: SR Internationa!

FIGURE4 U.S.LIGHT-DUTY TRUCK FLEET FUEL ECONOMY OUTLOOK
(Domestic, and tmport)



61

EPA Cings

Tahle 8

LIGHT-DUTY TRUCK FLEET FUEL ECONOMY PROJECTIONS, BY EPA CLASS

2WD large piciup

~ 4WD targe piciup

2WD special purpose
4WD special purpose
Cargovan
Passenger van

2WD small pickup
AWD small pickup

Fleet aggregaiot

TRato: Valume fractions for 1995 and 2001 are for SRI saprasaniative fisal and oy 1990 the actusl

float. No data for chassis cab EPA class.

MY 1993 . MY 2001
MY 1990 &yv Payback 10-yr Payback 447 Payback 10-yr Payback
Volume Volume Volume Volume Volume
MPQ = Fmaction _MPQ Fraction _WMPG_ Fmction _MPG _ Fracion _MPG _  Fraction
188 0.252 18.8 0.102 19.6 0.102 19.1 0.122 195 0.122
174 0.085 18.8 0.10 18.8 0.101 199 0.106 20.2 0.108
231 0.217 22.4 0.209 22.1 0.293 22 0.346 238 0.348
198 0135 198 '0.203 198 0.203 177 0.168 182 0.189
182 0.110 185 0.100 185 0.100 1990 0.105 19.6 0.105
20.7 0.089 20.1 0.058 20.1 0.058 209 0.028 21.7 0.038
252 0.112 30.0 0.115 300  0.115 304. 0058 31.7 0056
28 ¢ 234 0.028 234 0028 248 0041 251 0041
20.3 1.000 210 1.000 21.0 1.000 21.4 1.000 219 1000



TECHNOLOGY PENETRATION ANALYSIS

At MVMA's special request, SRI conducted an analysis to determine how individual T1
penctration in the fleet wonld vary over foture model years. Based on spreadsheet datm for the
representative platforms, Table 9 and Table 10 were constructed to ghow volume-weighted fleet
penetrations for major technology changes. The reader is cautioned that sorne T1s on these tables
are mutually exclusive or they overlap and so penetrations are not additive and should not be
added 1o achieve sums greater than 100%. For example, certain transmission TTs, such as lockup
versus open converter and CVT versus L4 AT, are mutually exclusive and should not be added.
However, with the engine TTs, as another example, split port and tuned intake can be mutually
exclusive or additive TIs. Either tuning strategy also can be additive with the VVT TL Any
combination of TIs has to be checked for engineering reasonableness on a case-by-case basis,
and this was done at the platform level. Some penetration anomalies also can arise from
fluctuations in representative platform volumes. Penetrations were similar in both 4- and 10-yr
payback scenarios as product plans and other considerations, such as consumer acceptance,
precluded SRI adjustments on many platforms. (Sec Section IV for a more complete discussion
of how we handled TIs differently for different payback periods.)

The results shown in Tables 9 and 10 plus prior discussion of FE gains attainable for major
Tls suggest that penetration increases in certain classes of TIs will account for much of the
observed future FE gain, such as:

* Fuel delivery systems (MFI/SFL split port)
* Valve main configurations (RCF, 4V, OHC, light valves)

* Automatic transmission upgrades (electronic automatic transmission (EAT),
lockup 5-speed AT (LS)]

Some notable differences with trocks show less penetration in MY 2001 than cers for such
Tls as OHC, lockup converters, tuned intake, 4V, EAT, friction reduction, aerodrag reduction,
and so forth, This lower penetration reflects the different needs and design philosophies
pertinent to LDTs. In addition, trucks in MY 1995 and beyond face substantial weight increases
related to safety regularions already absorbed by passenger cars. '



' Tabie 9
TECHNOLOGY PENETRATION OUTLOOK: PASSENGER CARS*

— — ShareofFleet(%)
1995 2001
4. and
— 10-yr &4yr 10-yr
Technology improvement . 1990 Payback Payback Payback
Englne '
TBI versus carburctor 24 7 7 7
MF1 versus TBIT 75 87 94 94
RCF (pushrod) versus sliding contact 32 54 61 61
RCF (OHC) versus sliding contact - 8 25 28 26
OHC versus pushrod - 27 45 62 62
VVT (OHC) versus fixed tming N 6 6 56
4V versus 2V ' 16 40 46 46
Light vaives versus standard N 17 30 30
Tuned intake versus standard 68 72 79 79
Spiit port (variable fning) versus standard N 20 30 80
Friction reduction versus standard 18 51 52 08
Spacial ube (synthetic) versus standard N 100 100 100
CR + 0.5 versus standard 1 100 100 100
Transmission
Lockup versus open converier 87 88 91 91
4-spead lockup versus 3-speed AT (lockup or open)} 61 61 70 70
LBAT versus L4AT N N 20 20
EAT versus hydraulic control 16 66 76 76
CVT versus L4AT N N 7 7
Body/chassis
Weight increases (1995 versus 1990, 2001 versus 1995)8 N 25 N N
Weight decreasas (1995 versus 1990, 2001 versus 1995)5 N 19 10 10
Aaro drag -10% versus base N 3 7 90
Tires (RR -10% to 15%) versus standard 6 6 100 100
Electric PS versus hydraulic N N ) 5
FWD versus RWD 83 86 86 86

Note: Nenegligible share of fleet,

*Farecast penstration In SRi-sslected representative platforms, volume-welghted, domestic plus import.

TMFI, In this case, includes various mukipon fuel injection Implemantations, including the SFl version. The SFI data
ware insufficient to separate from MFI.

-§Deta are Insutficient across the fleet o clearly separats lockup and open converters for this transmission group.
§Various levels unique 10 each platform. Increases range from 3% to 13% (mostly around 3% to 5%). Decreages
range from 3% to 8% (mostly 4% 1o 5%).

Source: SR International
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Table 10 -
TECHNOLOGY PENETRATION OUTLOOK: LIGHT-DUTY TRUCKS®

Share of Flset (%)
1995 -———m—-
4-and
10-yr 4yr 10-yr
Technology knprovement 1990 Payback Payback Payback
" Englne

TBI veraus carbweior 40 18 1 1
MF! versus Yait 53 82 99 29
RCF (pushrod) versus siding contact . 45 54 88 88
RCF (OHC) versus siiding contact - 8 8 N N

OHC versus pushrod 8 9 28 28
WT (OHC) versus lixed timing ' N N 32 42
4V versus 2V N N 1 1
Tunad intake versus standard 52 66 64 64
Spilt port (variable tuning) versus standard N N 32 72
Friciion reduction versus standarg 10 26 38 72
Special lube (synthetic) versus standard N 100 100 100
CR + 0.5 versus standard N 100 100 100

Transmission
Lockup versus open converter ' 80 76 81 81
4-epeed lockup AT versus 3-speed AT (lockup or open)? 80 72 83 83
EAT versus hydraulic control 16 25 25 25
Body/chassis

Weight increases (1985 versus 1930, 2001 versus 1995)8 N 24 N N

Weight decreases (1995 versus 1990, 2001 versus 1935)8 N 37 20 20
Aero drag -10% versus base N N 20 25
Tires (RR -10% to 15%) versus standard N N 100 100

Note: N=negligible share of flast.

*Forecast penetration in SRiFsalected reprosentative platforms, volume-weighted, domestic plus import. .

TMF], in this case, includes various multiport fuel injection implemeniations, including the SFi version, The SFi data
were Insutficient 10 separate from MFI.

3Data aro insutficient acroes the fleet 1o cloarly separate lockup and open conventers for this fransmisaion group.
sVar;"%u;o }evols ‘unique 10 each platform. Increases range from 3% to 6%. Very few decrsases were found, mostly
arou o

Source: SR International



IV ECONOMIC ANALYSIS

INTRODUCTION

The following review of the economic worthiness of various TIs for use in passenger cars
and LDTs is a useful means to sort technology candidates in terms of their ability to pay for
themselves in fture fuel savings. It also helped SRI to determine which TIs were to be added to
future fleets. The manufacturers are placing many of the TIs (which do impact FE) on future
vehicle fleets for reasons primarily other than for fuel savings. Other drivers (noneconomic) for
inclusion of TIs in manufacwrer product plans include competitive factors, marketing/image
factors, need for "catch-up” performance, emissions compliance, among others. If the
manufacturers included any of these features in their plans, SRI left them in place for this
analysis.

Microeconomic price theory implies that a rational consumer will purchase an item whose
economic benefits (B) exceed costs (C) or where% is greater then 1. Any %measurement

around 1, however, is marginal and not a strong purchase incentive, For this economic analysis,
B = the present value of the future stream of dollar savings in fuel. Other societal economic
benefits may be considered—but this analysis assessed only fuel savings. SRI derived a fuel
price for each year of future vehicle use (see Appendix D) and established a vehicle miles
traveled (VMT) per vehicle per year. (See Appendix E for the VMT values that SRI used.)
Please note that all economic analyses in this study used constant 1990 dollar values. The
remaining variable in setting B is the “delta ¢” or change in consumption (gallons per mile)
associated with each TI, which is a function of the baseline FE miles per gallon for each
scenario. All calculations were made using the city/highway values used for purposes of CAFE
calculation as submitted to DOT. (See Appendix A for more details on calculating B).

To determine the C or cost associated with each TI, SRI used a current retail price
equivalent (RPE) basis from a variety of sources. In other words, various vehicle manufacturers
and component suppliers provided SRI with cost figures for the various Tls as they may appear
on vehicle window “stickers” at retail dealerships. As backup, participating MVMA members
provided SRI with information on sensitive cost components including variable costs of
manufacruring, fixed costs, and corporate- and retail-level markups. Pricing philosophies and
other cost assumptions (such as amortized volume) varied from source to source, thereby making
a considerable range in RPE values for some T1s. As this was a first-cost analysis, SRI made no
attempt to quantify downstream costs, such as special maintenance associated with certain FE
Tls. SRI generally did not accept the low- or high-dollar RPE cost values presented but rather
selected some reasonable value in between. Subsequent analysis of the cost-effectiveness of the
TIs indicated that in most cases the outcome was relatively insensitive to RPE levels—a
significant lowering of costs would not render many TIs cost-effective.



. Note that early in the economic analysis, SRI made the decision to concentraie on the
passenger car situation. Compared with passenger cars, however, light-dury trucks would
demonstrate both higher benefits (generally higher annual VMT) and somewhat higher costs
(heavier construction, such as transmission upgrades, with less production volume to amortize
certain costs). .

Later in this section of the report, & fuel-price sensitivity analysis shows how the %values
fluctnated from the bascline scenario with low (P-20¢ per gallon) and high (P+30¢ per gallon)
gasoline’ pump prices. The final discussion in Section IV deals with macroindustry-level

econotnic usua such as resource imitations.
CONSUMER-LEVEL ANALYSIS OF BENEFITS AND COSTS

SRI began its economic analysis of TIs with an extensive search for all TIs that could be
considered for inclusion on MY1995 and MY 2001 vehicles sold in.the United States. From this
several dozen universe of TIs (all of which could conceivably provide some FE gain); the SRI
team sorted out from the beginning those judged fo be questionable in terms of meeting future
U.S. emissions standards or reliable engineering development (¢.g., Miller cycle; 2-stroke cycle,
reed valve engines; and other jong-term "blue sky" R&D projects). The focus of this screening
was to identify real TIs for which manufacturers could commit large investments in tooling in the
near term (next several years)—not in the next century. SKI team .members reviewed
engineering details and held in-depth discussions of the various ways to implement each TL

Following a preliminary screening of TIs by technical feasibility/narket availability, SRI
commenced an economic sorting of the TIs determined to be the most promising in relation to

FE gains (almost 4 dozen TIs). Tabies 11 and 12.show the results of the % analysis of the

identified TTs in descending order, Gne key difference between Table 11 and Table 12 is in the
FE gain column. For Table 11, SR1 assumed that Tis added in MY 1995 would be added on a
suboptimal basis owing to short lead-time considerations (that préclude power train matching
optimization), so that less-than-full FE gains would be obtained along with performance gains.
For Table 12, SRI assumed that with a longer lead time TIs could be implemented in MY 2001
on'an optimal FE gain basis, thereby enabling performance to be held constant and a full FE gain
10 be achieved. Note that for several TIs, such as advanced tires, both tables show the same FE
gain and no real performance credit is available to optimize FE gains, In general, the
body/chassis TIs did pot receive FE gain adjustments for performance but most of the engine-
related Tls were adjusted. In some cases, the TI retail costs were not kmown with cerminty bat

were known well enough to place a TI above or below % =1, Some Tis ulﬁbited unnsoal
characteristics, such as negative costs (reduced costs for consumets) and either positive or

negative fuel stream savings (an increase o decrease in fuel economy; depending on whether or
not t.he TT was optimized). Some interesting conclusions from the tables are as follows:

» Only a minority of TIs proved cost-effective in all scenarios. (Many are in the
product plans anyway). : ' :

* A few, such as compression ratio (CR) + 0.5, are obvious “winners” that SRI
rolled into the fleet. : :



* Some winners (e.g., direct acting bucket [DAB)) met economic tests, but as
shown later, failed other tests.

. Tbeﬁstd'eoononﬁcvmmaapmd.withlonmpaybwkpﬁods(lo
¥t vs 4 y1) and with Jonger term (MY 2001) purchases when higher gas prices,
andVMTsandPEgainsproducelargersueamsoffuelsavingsmatcan better
cover retail costs of TIs,

In reviewing Tables 11 and 12, the reader should be aware that many TIs are mutually exclusive
or overlap and should not be added to derive a maximum FE gain,

The SRI team performed a final screening of the winning TIs (all those with % exceeding 1)

before placing them on 1995 and 2001 car Platforms (if not already in the plan). This screening
included an adjustmemt for likely consumer acceptance of the TIs and a final check for
compatibility with industry cycle plans, investment limits, and so forth. Section III discussed the
applicability, drawbacks, and practical considerations in using several TIs. For example, DAB as
opposed to hydraulic valve lash adjustors always showed a cost-effective benefit; in SRI’s
professional opinion, however, consumers would not universally accept the potentially noisier
valve train (solid lifter sound) and higher maintenance burden associated with the DAB TI
Moreover, in one 2001 scenario, the 10% aerodynamic drag reduction is cost-effective for the
consumer, but this reduction can realistically be rolled into a platform at only major body cycle
changes on a case-by-case basis, where not already done by the OEM. In other words, if the
manufacturer made major changes to the car body for 1995 and did not schedule another update,
SRI did not force such to reduce drag for 2001. Depending on the manufacturer, major
passenger car cycles may fall in the 4- to 8-yr range. Table 13 summarizes the final screening
where some economic TIs were set aside for noneconomic reasons,

FUEL PRICE SENSITIVITY

Because this study was designed to evaluate the potential for technological improvements to
increase fuel economy without changes in mix ar performance beyond that assumed in
manufacturer product plans, only one aspect of fuel price sensitivity was measured. Estimating a
total responsiveness of miles per gallon to fuel price would also require an analysis of the effect
of changed demand for vehicle size, performance, and option packages. Consumers may choose
to compromise on any number of other vehicle attributes in response to higher fuel prices, rather
than pay for expensive technological improvements. This analysis is beyond the scope of this
study.

At MVMA's direction, the SR baseline gasoline price was both raised 30¢/gallon and
lowered 20¢/gallon 1o measure the impact on benefits and costs for four future scenarios (i.e.,
1995 4- and 10-year payback and 2001 4- and 10-year payback). The upper fuel price scenario
Tepresents a more extreme gas tax view than SRI’s baseline. The lower scenario represents
prices for gasoline in a highly optimistic low-tax environment. Again, this analysis was
restricted to passenger cars. The results are illustrated graphically in Figures 5, 6, 7, and 8 and
backup data are provided in tabular form in Appendix F.
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Table 11
TECHNOLOGY MPROVEMENTS, MY 1995 PURCHASE OF PASSENGER CARB

SRl FuelSaved - Ratait
- Generic Ac Cost 9 8
: : FEGain  (90-95) B-Beneflt ©) c C
Rank _ Tis base lechnobgy) (%) fgom)  4yv(s) 10yr(S) (8}  4yr _ foyr . Remarks
1 CRep05 (i) 1.3 000047 22 43 §f 22 4  DocbleandaddedbySHI -
2 Decelfuet off (fuelon) 10 oo00ms 17 2 s 27 67 Eisinsprotiens
3 Spoo. ibia package (std) 03 0.000t1 5 10 4 14 27 Wdosreadby199§
4 DAB mech lifter (hydrauiic) 10 000038 17 » (15) 143 223  Consumer problems
S Tires adv rebber (std tees) . 1.0 0.00038 17 33 20 085 167 FA-10%01™
¢ Aero drag, -10% (1990 bass) 24 -0.00086 40 ” € 087 932  Problans for 1395, 0o hteriction
7 TBi{carburator) 26 0.00092 43 €& 85 067 131 Obesleiofor enissions :
8 HCF pusiwad {siding contact) 23 0.00082, 39 78 " 65 059 1.17 Lagelydonety 1985
9 Lockup AT (openconverter) 17 0.00081 29 58 66 051 10 Lageydonely1995
10 VVT w OHC {fixed timing) 28 0.00092 4 [ 100 043 085 Teakephasingonly
11 Friction, -10% (std engines) 15 0.00054 25 50 80 042 083 Longhedtime
12 Ukm-adv AT (SKd AT) 2p ~ 0072 AN %8 9¢ 037 073 Proprelarydechnology
13 Caiwt red, -5% (1990 bass) 25 0.00089 42 82 120 035 089 Noengry.imeraction
14 RCF OHC (sliding confact) 10 0.00036 7 3 50 034 0067 Tendwp
15 Tires-- Inj-molded (std tres) 10 0.00036 17 83 6 028 058 RR-10% o {5%, enprg, nolesady
18 Leanvliradean bum ¢stoichiometric) 80 0.0027 127 250 S00 025 050 €Emistions problems
17 Spit port single intake) : 15 0.00054 25 50 100 025 050 Vedebloitiniuning -
18 Emmwlndﬂuod(ﬁlu\bld) 15" ~ 000054 23 50 120 021 042 Teniwp
10 SF(Ten . 28° ° 0.00099 47 92 235 020 029 Gethromiwow
20 Wsamesizehy, (V6) : -0 0001%- - (53F (104) (300) - 0.8 035 . FEwwiconsumer pbleme
"21 Carwired, -10% (1990 base) 50 - 000174 - 82 81 470 037 034 DiFafor 105
22 Car WA 1ed, -1% (1990 bese) 05 - 000018 [ ” 50 017 034 Meimidssdbatition Allorded -
23 MFI(TBY) . 1s 000054 25 50 150 o047 033 Good for emissions
24 LAATAY) 28 000099 47 92 288 018 032 (ivenctswiiengine.
25 Reluned intake (std Intake) 05 000018 9 7 65 045 031 Wy iotekes skeedytuned -
26 Eng wtred Al heads {ion) 1.0 0.00038 17 a3 150. 041 022 Tedp . :
27 VYT pusivod (fixed timing) 28 0.0009 49 85 500 009 017 BeswihOHCbese. * -
20 LAAT(LY) : 13 0.00039 19 7 220 008 0.8 Amostetandard
29 Ehciric AT-(hyd contrel) (1 0.00018 9 17 122 007 0.4

Canshesdoftracls
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Table 11 {concluded)

SRI  Fuel Saved Retai .
Ganerlc At - Com B B
. _ FEGain (9095) B=Benefit {©), c c

Rank Tl (base technology) - (%) gem) A4yr(s) toyrs) (§) 4y 1Oyt Remerks
30 4-WISOHC (2v/SOHC) 16 0.00057 2 59 400 007 013 Nipopdy -

31  2-speed scoesoty (t-epeed) 07 000025 12 2 200 008 012 Llogkadime

32 Al head combustion tenelt (ron} 0s 0.00018 ) 17 150 006 0.11  Goodforemissions

33 Light warive train (etd) 05 0.00018 9 7 165 - 005 0.10 Teenlmpats

34 Carwired, -20% all Al (steel) 130 0.0042 197 388 3710 005 010 AsumeccureniAlphess

35 4-Vhead {3-WSONC) 0.0 0.00029 14 27 275 005 0.10  Few3Vheads bcomed

38 3-V/SOHC (2-WSOHC) 08 000029 14 27 275 0U5 0.0 4Vpmised

a7 OHNC (Pushrod) 11 0.0004 19 a7 400 005 0.0 Perlonmance image for cers {nol trucks)
38 4-VIDOHC (24/SOHC) 18 o057 27 53 650 004 008 Highendmally

39 CVT (L4) 10 0.00038 17 2 410 004 008 Considersdonlyfor smeliesl cary
4 LSATW) 05 0.00018 9 17 300 003 008 Tendw

41 SR (MFY 00 ¢ ) 0 a0 o o  Tenduphoremioshone

42 VE8(ve) 09 0 o 0 (250) )} o Conoumet acceptance problems, esp. trucks
43 Supercharged gas {natural aspls) 00 0 0 0 2235 (4] 0 Disptacement, -25%

44 Tubochaged ges (natural asplr) 30 0.0011 (53 (104 2233 002 -005 Gieplacement, -25%

? FWO lsyout (RWD) 03 0000%) S 10 25 < < Packagiag benefts

? 14 . 00005 24 47 >80 a Long Seed time

Electric power steering (twdraulic) -

Source: SRI insmationel



Table 12
TEMOGY SMPROVEMENTS, Y 2001 PURCHASE OF PASSENGER CARS

. SRl FuelSaved Retall
Ganeric Ac Cost 8 h: N
FEGain® (19552001} BeBenefil © [ c
Rank Tie (base technobogy) (%) fgom) Ayr(S) 10yr(8) (B 4y Wy Remarks
1 CR 405 (1993 base) 20  0.00070 48 8 1 487 81 Optimized across bosrd
2 Decal fuel off (fluel on) 10 000035 23 2 s 472 060 Emicsions problams
3 DAD mech (lydr Miar) 1S  0.00053 s o4 (1 13) 235 428 Consumer problems |
4 Spec, bibe peciage (std) 03 00001t 7 12 3 180 348 Donein 1995
5 Tires {-10% b 15% RR red.) 10 000035 23 2 20 118 215 Added across board
8 Asrodrag, -10% (1935 base) 24  0.00084 s¢ - 102 €2 D91 170 Seolectivelydone
7 TBI {carburator) _ 28  0.000%0 €0 1190 6 093 169 Wootabsokte
8 Lockup AT (open converter) 20  0.00068 48 as 8 084 152 Doneacross boad
9 ACF pushrod (shding contact) 23 000080 ] 07 & 082 150 Done across board
10 Friction, -10% (stdengines) 20 000070 48 85 6@ 0780 142 -Solectivelydone
11 Spikt port (siegle intake) 30 000104 69 126 100 063 .28 Trend up from 1996
12 VVT w OHC (fixod timing) " 26- 000080 €0 110 100 060 1.10 Trend up rom 1395
13 Ultre-adv AT (Sud AT) 20 000070 48 es %0 052 095 Propietary
14 Cor wi, 5% (1995base} 28 000097 ] 105 120 048 0.88 Typical goal
15 RCF OHC (sliding contact) 1.0 000035 2 42 047 0.86 Notas urgen aa pushrod
18 Tires~ Inj-moided {sid) 10 000033 p< ] 42 0 039 072 Advrubberpreferred -
17 SFI(T8Y) 40 000137 91 167 25 099 0.71 Towplace MFI
19 Leanttra-lean bum (sM) 80 000284 178 a2t 500 035 064 Emhsionsproblems
19 MFI(B) - 20  0.00070 48 85 150 034 057 Fullreplaces TBI, loses o SF)
20 Engide wi red Al tlock (ron } 15  0.00053 = 64 120 020 053 Trendup
21 Carw,-10% (1995 base) 50 000170 113 208 40 024 044 wmm
22 Carwt,-1% {1005 bese) . oS  0.00018 13 21 50 024 043 Notpopular
23 LAAT(A3) 28 - 0.00087 84 110 236 02 041 Extensiveconversion
24 Retuned iniske (0d) 05 000018 .- 1t. 2 55. 022 029 Schctiveoptimization -
25 4v/SOMC vs 2wSOHG 30  0.00104 ] 120 40 047 032 Aimed atsportier market
28 Eng wtred Al heads (iron) 10 000035 23 42 150 . 018 029 Standardpraciice ¢
27 OHC(Pustrod) 28  0.00087 58 108 400 015 028 Trendup
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Table 12 {conciuded)

Soutce: SR Intersational

SRl Fuel Saved Retal
Generic Ac Cost 8 B
) FE Galn* (1005200) B-Henot ©) c c )

Rank Tis (base technology) %) gpm)  Adyr($) 10yr{s)  (§) 4y  Wyr Remarke

28 VVT pusteod (lixed) 28 000090 60 110 600. 042 022 Toocosty

29 L) 1.1 0.00039 25 47 230 9.4t 021 Aimost complete conversion
30 4v/30HC {3+/S0HC) 13  0.00043 30 55 275 0.4 020 3v lodisappear

31 3v/SOHC 24/S0HC) 13 0.00048 20 55 275 011 020 3viodissppear

32 CVTQ4) . 20  0.00070 48 85 410 018 021 Seleclive—amal caronly
33 A-V/DOHC (2-wSOMC) S0  0.00104 €9 126 850 0.17 0.19 DOHC forceria high end
34 Electionic AT (hydraulic) 05 - 0.oool8 "2t 122 0.10 0.18 Standard praciice
35 ve(w) 10 000035 2 42  (250) 009 0.17 Very kmited sppoal

38 2-3p accessory (1-3p) 07 000025 168 30 200 008 0.95 Held backby costs

37 Al head combustin (on) 05  0.00018 1" 2 150 008 0.14 Standardpractice

38 Superch. gas (NA) 60  0.00284 176 a2 2235 008 0.14 Tresd down

39 Lightvalve irsin (s\d) 05  0.00018 " 2 185 007 0.13 Coatprobloms .

40 Carw, -26% all Al (steef) 130 000410 274 499 3N0 007 013 Toovadical—al A

41 Tuibogas (NA) ) 60 000%70 13 208 2235 005 0.09 Trenddown
- 42 5Q4) 0s  0.00010 1" 2 300 004 007 Trendup

43 KUV 0 0 : 0 0  {300) 0 0  Unpopuler

44 SF)(MF)) (] 0 o o 4 0 0 Trendup

7 FWO layout (RWD) 0S5  0.00018 2 2 6 < <1 Max penctration

7 Elechic power stig (hyd) 14 000039 <] 80 260 <« <l Trend up
*Opiimal FE besk with performancs neural



- Table 13
FINAL SCREENING OF TECHENOLOGY IMPROVEMENTS

Cost Efiective 7

M
. MY 1995 MY 2001 ' :
Candidate Tls & 10y & 10y -, Remane—SAl Judgment
1. RCF-Pushred No Yes No Yot Yes, 10 yr 2001 only, but common by 1835
2 TBivscad No Yes No  Yes Yesall 10y butimosty superceded by M1
3. VviVe No  No  Yer Yes' No,consumerproblems
4. WT-OHC in place No No No  Yes Yes,only2001110y
5 Spitpot N N No Yes VYesony200u10y
6 DAB vs hydraulic Yes VYes Yes Yes No(consumer problems)
7. Decel fuel of Yes Yes Yes  Yes No,consumer and emission problems
8. CR«S5 Yes VYes Yes Yes Yes, doable 1935 across the board
9. Friction red pig No No No Yes Yes, 2001 10 yronly in case-Dy-<ase
0. Lockup corwerter No . Yes No Yes Yes, 10 yrbul essenSaly done by 1995
11. Aero drag, 10% ‘No  Yes No  Yes Ve, ony2001 10-yr-case-by<ase
12 Tire upgrade No Yes Yes  Yes Yes, 2001 acress the board
13, Lube package Vee Yes Yes  Yes Yes, toable 1885 scross the board
Nele: Bacaline fuol price hasks.

“Raw St bt e cash back and ot savings o 2001 cas.
. . Soures: SRlinemational

Fuel prices do have some impact on the appropriate level of technological improvement in
fuel economy. Although this analysis indicates that modest fuel price.variations have little effect
on the number of winning (Cost-effective) Tls, increases in fuel prices terid to discourage
discretionary driving (decrease VMT) and shift the sales mix toward more fuel-efficient models.

INDUSTRY-LEVEL ECONOMIC ASPECTS

As a final part of the economic analysis, the SRI team examined some significant overall
‘issues that influence the ability to generate FE gains, such as invesunenis and resource
limitations. Under the contract conditions, net industry employment was to femain constant and

" ‘engineering resources would be more or less fixed. The engineering staff at the vehicle
manufacturers presently has to deal with other serious challenges besides CAFE and FE
enhancement (¢.g., emissions and safety Iaws that are not negotiable). Some members of the
industry have transferred a portion of the growing engineering load to outsiders, such as systems
vendors. Such outsourcing has limits, however, if the OEM wants to retain valuable control over
costs and crucial product aspects such as competitive technical advantages and werranty
performance. The SRI team discovered that the engineering staffs are aiready largely committed
to other high-priority projects (many regulatory items) for years to come. Considerable
engineering effort is also devoted to evolutionary updates and replacements of power trains and
platforms according 1o the automaker’s cycle plan. As these come up for redesign, certain TIs
can be rolled in the redesign with some additional effort and expense per vehicle; because of
finite human, facilitics, and financial resources, however, this oppartunity would be more limited

if dedicated FE gains were pushed on & crash basis. .
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MV 1995 PURCHASE

19908 Rark

1. CR4+0Svsstd

2. Dacel{ucl of va on
3. Speciol bevs otd
4. DAB vs hydsswlic
6. Advilres vsstd
68, Aoo diag, -10%
7. TBlvscah

8. RCF-pushrod v dliding contact

9. Lockup AT vs open conv
10. YVT-OHC vs fixed timing

11, Friction, -16%

12. Uitia adv AT vs aid

13. Carwt, -5% .

14. RCF-OHC vs stiding contact
15. Tiras—in}-mold vs atd

18. Lean-uliratean burn vs sid
17. Spitporvvar intake va std
18. Engine wt red (M vs Fo)
19. SFivs TBI

20. ¥vws V6

21, Carwt, -10%

22.Carwt, -1%

‘ Cost Elfective

23. MFivs THI
24 14ATvs A3
25. Rotuned vs std intake

.26, Engina wt red (Athd va Fe)

27. VVT-pustwod vs fixed
20. L4ATvs LI

29. Elctronic AT vs hydraulic
30. 4v/SOHC vs 2w/SOHC
31. 2-spd acoeasory va t-epd
32. Al hd.combustion vs Fo
33. Lt vs sid valve lfain

34, Carw, -26% (Al vs sted])
95. 4WSOHC vs 3W/SOHC
a6. 3v /SOHC vs 2v/SOHC
37. 2viOHC vs pushrod/2v
38. evDOHGC vs 2v/SOHC
39. CVTws L4

40, t5va L4

41. SFlvs MFI

42, Vévs VO

43, Supercharged ges vs NA
44, Turbocharged gas ve NA

os | ; !!““ “"l!llu-

9 1011 121314 1616 17181920 212223242526 2728 2930 31323334 3538 3730 394041 424344

' Not Cost Effective

Key: K-UCWMIP#SOM .-BICthPmeno). wu B/C with P-$0.20/g .

. SOURCE: SR tntemational
- AIGURE 3 FUEL PRICE QENSIﬂVITY. MY 1995 PASSENGER CAR PURCHASE, 4YEAR PAVBACK




7
. MY 1993 PURCHASE
© B0 = 1995 Rank ,
1. CR+0Svsud 23. MFl va TBI
“ - 2. Decel lust off va on 24. 14ATvs A3
L 3. . Specla ubavs std 25. Rowned vs vid intake
4. DAB vs wdraulic 28, Enginoe wt red (Al hd vs Fe)
Py 5. Adv tkes ve std 27. VWWT-pusivod vs fixed
8. Aero drag, -10% 28. L4ATve L2
I 7. TBlvscab 29. Etectronic AT vs hydraulc
¢ 8. RCF-pushvodvs sidingoontadt 30, dWSOHC va 2wSOHG
s 9. Lockup AT.vs open conv 39. 2-spd accessory W 1-spd
T 10. VVT-OHC vs fixed timing 32. M hd combustion ve Fo
a5 L 11. Fuiction, -10% 33, Lt va std vave frain
) 12. Ultra adv AT va sid 34. Carwi, -26% (Al vs sheel)
4 13. Carwt, -5% 35, Ay/SOMGC vs 3v/'SOHC
" 14, RCF-OHC vs shding confact 96, v /SOHC w8 2v/SOHGC
15. Tires—in}-mold vs atid 37. 2vACHC vs pushrod/2y
ss p 16. Loon-utira-oan bum ve std 98. 4v/DOHC vs 2wSOHC
X 17. Splt portiver intske va iid 39. CVT.vs L4
3 & . 18. Engize wt red {Al va Fe) 40. LSvsild
19. SFivs TBI N 41. SFivs MF1
28 L 20. 4vs V8 42, Vg va VB
21. Car wt, -10% , 43. Supercharged gas vs NA
2 ¢ 22.Car w1, 1% 44. Twibocharged gas vs NA
ac 1 . ] Coat Effactive
!I!' o ’ Not Cost Effective
05 . ! II I am II.
0 ) : ' -.III-lIl".'...
12345678 101"2131415161718?9202122232425282?282980313233&353637383940“6243

Kay: X =BVC with P + $0.30/; W=B/C with P (baseiine}; == B/Cwith P -$0.200
SOURCE: SR Infemational

FIGURES ~ FUEL PRICE SENSITIVITY, MY 1995 PASSENGER CAR PURCHASE, 10-YEAR PAYBACK



MY 2001 PURCHASE*

2001 Rank!

CR+«05vssld .

Dacol fuol off vs on

DAB vs hydraulic

Special lubs vs std

Adv tires vs std

Aero drag, -10%

TBI vs cab

Lockup AT vs open conv

8. RCF-pushrod vs sliding conlact
10. Friction, -10%

11. Split portivar int vs sid

12. VVT OHC vs fixed timing
13. Ultra ady AT vs std

14. Car wt, 5%

15. RCF-OHC vs sliding contact
16. Tires—inj mold vs std

17. SFivs TBI

18. Lean-Ufira-lean burn vs sid
18. MFlvs TBI '
20. Eng wt Alvs Fe

21, Carwt, -10%

22. Carwt, -1%

*Optimal genaric FE gain basis

PN, DON

23. L4 AT vs A3

24_Rotuned vs sid intake

25. 4v/SOHC vs 2v/SOHC

26. Engine.wt red (A! hd vs Fe)
27. 2viIOHC vs pushrod 2vOHC
28, VVT pushrod vs fixed
28.L4ATvsl3

30. 4v/SOHC vs 2v/SOHC

31. 3v/SOHC vs 2v/iSOHC
32.CVTvs L4

33. 4v/DOHC vs 2v/SOHC

$4. Elect AT vs hydraulic
35.V6vs V8

36. 2-speed accessory vs 1-spesd
37. Al hd combustion vs Fe

38. Supercharged gas ve NA
39. Lt vs std valve train

40, Car wt, -26% (Al vs stes!)
41. Tutbocharged gas vs NA
42.15vs L4

43.4vs V8

44, SFlvs MFi

{Rank varies for MY 2001 and MY 1995 because of the effect of
upgrade of TI's from suboptimal to optimal 4
Cost Effective

Key: X=B/C with P + $0.30/g; m = B/C with P {baseline); == B/C with P -$0.20/g

TtTet Yoot
123456789

SOURCE: SRI Intemational

FIGURE 7

LML LS L L L L L L B L |

1011121314 1516 17181920212223 242526 27282930 313233343536 37 383940 41 424344

* Not Cost Effective

FUEL PRICE SENSITIVITY, MY 2001 PASSENGER CAR PURCHASE, 4-YEAR PAYBACK
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MY 2001 PURCHASE*

95
%0 2001 Rank?
1. CR+0.5 vwssid 23.L4ATVvs A3
85 2. Decel fueloff vs on 24_ Retuned vs std intake
80 8. DAB vs hydraulic 25. 4v/SOHC ve 2viSOHC
4, Special lupe vs std 28. Engine wt red (Al hd vs Fa)
L 5. Adv tites vs sid 27. 2vfOHC vs pushrod 2vOHC
. 6. Aerodrag -10% 28. VVT pushrod ve fixed
10 7. TBlvs cab 29.L4 ATvs L3
8. Lockup AT vs open conv 30. 4v/SOHC vs 2wSOHC
75 9. RCF-pushrod vs sliding contact 31. 3v/SOHC vs 2viSOHC
5 < 10. Friction, -10% 32.CVTvs 14
11. Spfit portivar int vs sid 33. 4v/DOHC vs 2v'SOHC
12. VVT OHC vs fixed timing 34. Elect AT vs hydraulic
45 - 13. Ultra adv AT vs std 35. V6 va V8
14, Car wt, -5% 36. 2-speed accassoly vs 1-spoet
4 - 15. RCF-OHC vs sliding contact 37. Athd combustion vs Fe
16. Tires—In)mold vs std 38. Supercharged gas vs NA
3s 4 17. SFlvs T8I 39_1t vs std valva train
18. Lean-Ultra-ean burn va std 40. Car wt, -26% (Al vs stesf)
3 - 19. MFl vs TEI 41. Turbocharged gas vs NA
20. Eng wi Alvs Fe 42.L5vs 14
25 - 21. Car wt, -12% 43.14vs V6
22.Carwt, -1% 44, SFlvs MFI
2. “Optimal! gane-ic FE galn basis
tRank varias for MY 2001 and MY 1995 because of the effect of
15 4 I I ;; I upgrade of Ti's from suboptimal fo optimal
B 1 ;f Gost Effective
*ﬂ;iiii * Not Cost Effective
0.5 oy -
.-..IIIIIII
LI N
o llllIlllllr1llTll1rllIl|lllll LR L

T
23

Key: X =B/C with P +$0.30/g; W= B/C with P (baseline); —= B/C with P -$0. 20/g

§6789101112131415161 7‘I81920212223242526272829303132333435363738394041424344

SOURCE: SR International

FIGURE 8

FUEL PRICE SENSNVITY, MY 2001 PASSENGER CAR PURCHASE, 10-YEAR PAYBACK



The annual capital budgets that all of the manufacturers have available to spend on new
vehicles reflect in total the funding that corporations can earn from continuing operations, the
amount they can comfortably borrow in debt funding, and what the equity markets will allow
them 1o ralse. A review of such proprictary figurcs for perticipating MVMA members suggests a
U.S. ceiling of about $12 billion in average annual spending during the 1990s. Most of this
funding is set aside for purposes other than FE enhancement such as market-driven upgrades.
Thus, the manufacturers clearly are capital constrained in their ability 10 add FE techrology.
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Appendix A
METHODOLOGY AND SAMPLE CALCULATIONS

INTRODUCTION :
SRI's CAFE analysis for MVMA is in some ways similar to that perfarmed by other

independent analysts. SRI's methodology built CAFE projections from a. baseline case,

MY 1990. To determine CAFE estimates, the SRI methodology also nsed sales-weighted dsta
{hat were barmonically averaged over the given passenger cars and LDTs. See Figure A-1 for
the general sequence of key operations performed to forecast FE. Detailed examples will follow.

Unlike other studies that use only domestic data to predict CAFE, volume daa used in the
SRI analysis included both domesdc and import producdon offered for sale in the United States.
Further, SRI obtained highly proprietary, detailed data such as product changes, estimated
shipment volures, technology changes, company product plans, and technology costs. Note that
this information did not hold the product mix constant as was assamed in other studies. SRI’s .
methodology produced forecasts of FE capability lower than forecasts made in other studies.
SRI attributes this lower forecast to the more realistic technology usage rates applied that reflect
a proper consumer perspectve (Le., SRI only added technologies-that are cost-effective and
consumer-acceptable) and that fully consider industry capabilites (financial, human, facilites) to

implement advanced technologies by 1995 and 2001

DESCRIPTION OF THE METHODOLOGY

From the data obtained and SRY information such as engineering and economic 3ssessments
of TIs, SRI developed detailed projections of FE for 1995 and 2001-for each participating
manufecturer. Using SRI's individual company CAFE projections, the tearn then estimated FE
for the entire fleet. To develop these fleet-wide projections, SRI' changed the individual

y's CAFE estimates from miles per gallon to consumption [gallons per mile (gpm)] and
then applied sales-welghted, harmonic-averaging methods to aggregate the results (as specified
in federal CAFE regulations). ' '

SRI's FE projections wese based on the following conditions:

« SR included FE improvements in manufecturer product plans that assumed
no new radical CAFE legislation. : :

« SRI baseline estimates of fuel prices were used in sclecting cost-effective TIs
for cach platform. .

«  SRI made no deletions from the manufacturers’ product plans,'but minor
- modifications were made.



« TIs that SRI added to the product plans were judged to be market-available,
cost-effective, compatible with environmental and safety standards, and

consumer-acceptable.
Baseline Case Constructed l
from Actusl 1090 FE Data

. Flold um ‘ > . .
Performed . ‘ Manufacturer Data, Technology,
‘ Telephone and Other | >
Updates to Data Bace )

(Givento SRI)
| Com| Modals
puter >
Constructed ) .
| Baskets of TTs Défined for
$ Each Platiorrn Repressntative

1995 and 2001 FE '
. Ferocasts Done
for Each Platform ' .

FE Prodictions
by Company

‘ Y

| Flost FE Estimatos  byEPACism ‘ '

SOURCE: SR intenational | ) .
. FIGUNEA-1  FUEL ECONOMY FORECASTING PROCEDURE

The SRI FE pmjections for each manufacturer in 1995 and 2001 are cxtremely data-
intensive and proprictary. Thus, the results were summarized into FE projections for the car and
truck fleers as a whole. Unlcss noted otherwise, the analyses for projecting FE for LDT flests
parallels the methodology used for projecting FE for passenger car flects. '

The SRI estimates of FE gains were based on incremental Tis from the 1990 scenerio. This
1990 baseline FE scenario included unadjusted, combined metro-highway results for miles-per-
gallon caiculations. To determine the overall effects of T1 on FE in the. 1995 and 2001 scenarios,

Representative Car Models
Chosen for Each Platform
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SRI added the TI effects from a “basket” of TIs (manufacturers' product plans plus SRI TIs),
accounting for the change in penetration rates for each TI from 1990 10 1995 w 2001. Note that
this basket for each plarform was checked to ensure that only logical TIs were contained and
mutually exclusive TIs weze not coatained. Where a specific weight difference was discernible
between the 1990 baseline platform and fuwre representative platforms, SRI rolled in a custom
TI for weight adjustment (plus or minus FE gain) on a case-by-case basis that incorporated
weight penalties for safety and environmental regulations. Many such roll-ins occurred between
1990 and 1995, and the trucks in particular suffered from safety-related weight boosts. Page 13
and footnotes to Tables 9 and 10 described the magnitude of weight adjustments.

In that credits for technologies such as alternative fuels are not to be used to set capability
standards, no credits were discussed or allowed in this analysis. In other wards, SRI performed
the entire analysis on an unadjusted basis.

SRI considered using a multiplicative method to determine the cumulative effect of TIs on
fuel economy. But, because the miles-per-gallon gains were small, SRI used the additive
method, which is judged to be mathematically equivalent. As expected, large variations
appeared in the technologies used and in the technology penetration rates among the various
manufacturers. Tables 9 and 10 in Section ITI of the main text provide SRI’s assessments of fleet
penetrations for each TI.

Various combinations of TIs are used on cars (or LDTS), thus requiring a way to handle the
additive effects of groups of variables. To accomplish this, SRI applied an engineering
interaction factor (EIF) to dilute sums of TI FE gains for projecting the overall effect of the TIs
on FE. This adjusts for the engineering reality that actual gains seen on the dyno for a group of
TIs generally are less than the predicted sum of the individual TIs. For use in this analysis, a
MVMA member gave SRI the factor (.88, that developed as a result of sophisticated engineering
tests and complex computer-generated simulation models. This EIF covers the most important
- first-order engineering interactions, such as pumping losses.

Note that FE losses from negative TIs, such as weight gains, were handled differently from
FE gains. In several cases, a positive basket of TIs was offset by a sizable weight gain. The EIF
in this case (for the negative miles-per-gallon factor alone) was 1.0 because moderate weight
adjustments do not usually interact with other TTs,

The team assumed that the same generic percentage of FE gains for certain TIs would be
usable far both cars and LDTs. The collection (baskets) of TIs for cars versus trucks, however,
were widely different. For example, the OHC TI has low penetration in LDTs compared with
that of passenger cars. Entirely separate spreadsheets were run for the LDT fleet,

SRT's methodology and formulas were set up so that a baseline correction factor was not
needed in the analysis. Because the 1995 fleet was always compared with the 1990 baseline
fleet, improvements from TIs already present in 1990 and their respective changes in penetration
rates for the future were considered. SRI did not estimate changes as an improvement over a
fantasy fleet of unimproved vehicles, Thus, a baseline correction factor was not required to
accurately describe FE gains in the fleets over time.

As the 1995 analysis used 1990 as a base year, SRI based the 2001 estimates upon 1995
penetration rates and levels of technologies. Therefore, the change from existing 1995
penetration and technologies were the important factors considered. Harold Javitz, Ph.D,, of
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SRI, (an expert in computational smiistics) reviewed and verified this method, as well as other
mathematical assumptions. '

As the number and variation of power train combinations was to0o large to analyze with
available time and funding, SRI chose a representative model configuration from each car and
truck platform. The SRI team then thoroughly analyzed this representative configuration for
technology similarities and differences compared with the 1990 baseline vehicle configuration.
In this analysis, the representative model chosen was the projected unit sales volume leader in
each platform. Therefore, the 1995 and 2001 CAFE projections are based on a representative

sample of the projected sales. Considering MY 1995, for example, SRI's representative fleet
coverage included 55% of passenger cars and 47% of LDTs forecast by the MVMA members.
In MY 2001, SRI’s representative fleet coverage was 62% of passenger cars and 44% of LDTs
forecast by the MVMA members. In general, the typical models used in SRI's analysis (as
evident in the product plans) are newer, more technically advanced vehicles that will account for
the bulk of future shipments. Thus SRI’s vehicle selection is believed to be a justifiable
representation for the future fleer.

To summarize again, SRI performed the following tasks to forecast the FE:

* Selected a representative high-volume vehicle model, or model configuration,
in each platform group

* Determined for each representative platform which TIs would be adopted
(cither because the TI was in the manufacturer product plans or otherwise met
contract conditions) and how TI penetration would vary with time

+ Applied the generic FE gain for each TI
* Computed the resultant net FE gain for each representative platform
* Aggregated platform results (harmonic average) by company and for the fleet.

A numerical example of 1995 FE projections for two hypothetical platforms is shown in
Table A-1 o illustrate how the EIF was handled. An example for 2001 would be similar except
that changes in TI penetration from 1995 would be used and new more optimal FE gains would
be subsituted for each TI.

Table A-2 presents an example of the harmonic mean, or average, used in the analysis of
miles per gallon. Table A-3 demonstrates the benefit/cost analysis of technology improvements,
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Table A-1

EXAMPLE OF FE GAIN FORECAST
(Percent)
- 1990-1995 - Apple Orange .
: Changeln Genetic . N®FE - NatFE _
S | Penetration F_g Galn_ _Gan___Gan = .
Waeight raduction 50 ET IR L '
Weight increase 50 -3 -15
Spiit port 100 15 15 1.5
& 100 1.0 1.0 10
CR 405 100 13 .13 13
EAT 05 05 05
. Subtotal positve FE gains (%) 88 43
" x0B88EF=s &1 88
Subtotal negative FE gains (%) 0 -5
x10EFe= 0 -15
Net FE gains (%) = 5.1 2.3

Base 1990 FE (mpg) 260 275
New 1995 FE (mpg) 273 28.1

Source: SRI intemational

Table A-2
HARMONIG MEAN EXAMPLE USED IN THE MPG ANALYSIS

Harmonic mean = (1/(Zncn))

i, = market ghare

-Gp = Consumgption = gpm = 1/mpQ
n= number of sampies

sentative . -Est'd Fleet
Volumes Co. en tn ' CAFE
Company .EW.EL Jnpg.  fgem) (6 Jnop. © Efmon,  _(2)

A 2802 00357 1818  0.00849
B soo 2701 00370 2273 0.00841
c €00 3004 00332 2727  0.00908
D 700 2903 00344 3182  0.01096

0.03494 28.62

Source: SRI intematlional
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' Table A-3 -
YECHNOLOGY IMPROVEMENT BENEFTT/COST ANALYSIS

FE gain 1995: generic suboptimal FE gains (%)iromeach Tl .
FE galn 2001: generic optimal FE gains (%) from each T
. 1990 CAFE = mpg based on actual 1890 dataresulls
Consumgption “c” = gpm = 1/Mpg '
- . yavel years : -
VMT : I vehicie miles traveled per vehicie per year for ntravel years (4 or 10)
Pp = price of fuel in $/galion for year n :
. DFp= present value of $1 = 1/(1+)7, (=10%), for n years of travel
Present valug = PV = $ VMT P DFp, Zis asneito40r10

Benefil » AC PY

C = retail costin$

%— cost-glfectiveness ratio

_ Ti Example . .
CRup 0% _Lsvsid

FE gain (%) 1.3 08
90 flest CAFE (mpg) 27.4 ; 274
|0 ¢ (gpm) 0.0385 . 0.0365
95 fleet CAFE (mpQ) - 27.76 ' 27.54
85 *¢” (gpm) 0.0380 © 0.0863
Ac ('90-'95) 0.00047 : 0.00018
PVAyr 59,000 59,000
Bayr($) ] 27.73 , 10.62
C($) -1.00 _ 300.00
% ayr ) 27.73 0.04

~ Please refer to PV formula above. Inthis exampie, P = base + 30¢/galion.
. Seurce: SRI Intemational '

Thecefore. CR of +0.5 would be included in the forecasting snalysis s its @ is greater than

1. On the other hand, the technology L5 would not be economically feasible as iu% is much
less than 1. Thus, SRI did not add LS in the FE projections, although many are already in the
product plans. '

DEPTH AND BREADTH 1995 AND 2001 COMPANY FORECASTS

The computer models used to project FE encompassed &n enormous amount of data. For
example, the models to project FE for the passenger car fleet in 1995 required 75,000 different
data cells in multiple computer models/electronic spreadsheets. L .

Areas in which statistical and judgmental errors could occur in this methodology include: .
» Estimates of gencric FE effects of individual TIs
« Estimates of technology costs



« The use of one car/LDT model to represent an eatire plaform:
e Accuracy or completeness of data supplied to SRI from the manufacturers.

-SRI belicves that its projected TI gains and FE estimates are reasonable and that they
accurately reflect the maximum feasible/practical FE achievable by the participating
. manufacturers. The uniqueness of being auble wo use actwal manufacturer technalogy,

i cost.estimates, and product plans decreased the number of independent judgments
that SRI had to make. Although SRI's expert judgments can be questioned, as can any
judgments, SRI is an independent arganization whose highly qualificd professionals provide
their unbissed views that are considered more objective then-those from industry insiders
performing the same kind of analyses. :
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SRI management hssemfled and organized a project team of yrofessionia'ls.' as showsn in .

Figure B-1. The team brought to the assignment & combined work expericnce that spanned tons
of docades and covered a broad spectrum of relevant disciplines including sutomotive
engineering, economic analysis, mathematics, market research, fuel price forecasting, and
computer modeling. Project responsibilitics are summarized in Table B-1. :

Table B-1 :
PROJECT PROFESSIONAL RESPONSIBILITIES
' ' SRl o
fos Staff Ormanizetion ____Activities

Fredarick E. Weil 205 Division-ievel review of project

Norman Stoller 205 Project supervisor (chief interface with MVMA on
high-level project matters), report production

Larry M.Rinek 224 Project leader (chief of staff), field interviews, mpg
analysis.(Ford and Honda), BCONOMIC analysis,
report production

Pamela J. Olson 224 Principal computer modsler, security mortior, fisld

. inerviews, repon production -
Philip D. UmhoRz 24 Principal technology advisor, fiek interviews, mpg
, ' analysis (Chrysler and GM)

Daniel P. Brousseau 107 Lﬂerai:re search, spreadsheet data ertry and
analysis

H. Nicholas Sturcke 288 Supervisor, European investigation

Adrew B. Flower * 288 European investigation, field interviews

Paut A. Zaman 288 European investigation

Mitoshl Masuya 209 Japanese Investigation. field interviews

Harold S. Javitz 244 Mathematics and statistics consultant

Stanford Reld 164 Energy consultant .

B-1



DIVISION |
PROJECT MONITOR
Froderic E. Well

PROJECT LEADER
Larry M. Rinek,
Senior Consuftan!

| : T
Phillp D. Umholtz, Pamela J. Oison, H. Nicholas Sturcke®
Consultant Senior Consultant .

Senior Consukant

Stanford Field
Program Direcior

Dr. Harokd S. Javiz,
Associate
Center Director

Danie! P. Brousseav,
RAesearch Analyst

Paul A. Zaman,* |
Consuitant

*Based at SRI's offica in Croydon, (London) England

1Basec a1 SRI's East Asia regional offics in Tokyo, Japan

FIGURE B-1 PROJECT PROFESSIONAL STAFFING
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. Tadle C-1
LIST OF $RI FIELD CONTACTS

Automotive OEMS
Chrysgler

Ford.

General Motors
Voivo

Nissan

Toyota

Honda North America
Fiat

Vokswagen

Rover Group .

Autometive Suppliors
R. Bosch

Eaton

Siemens Automolive
Lucas Automotive
Borg-Warner

Du Port

AVL GmbH

Others

University of Michigan .

U.S. Congress, Office of Technology Assessment
Energy & Environmental Analysie -

United Auto Workers

Environmental Protection Agency

C1

~VISITLOCATION

Highland Park, M
Dearbom, MI
Warren, Mi
Rockieigh, NJ
Tokyo, Japan
Tokyo, Japan
Washington, DC
Orbassano, italy
Wolfgburg, Germany
Coventry, England

Farmington Hilis, M
Southfield, Mi

Troy, Mi

Troy. Mi

Utica, NY

Teoy. MI

Graz, Austria -

Ann Arhor. MI
Washington, DC -
Adlington, VA :
Washington, DC
Ann Arbor, Ml



Appendix D
SRI FUEL PRICE FORECAST



Appendix D
SRI FUEL PRICE FORECAST

An important factor in detenmining the economic benefits of fuel-savings technology is the
fuel price. For this study, SRI forecast average retail U.S, pump prices for unleaded regular (87
octane) gasoline. Although the scope of the study included diesel vehicles, it was found not -
nccessary to research diese] fuel prices. The participating manifacturers do sot plan to offer
diesels in their CAFE flects [passenger cars and LDTs below 8500 1b gross vehicle weight
(GVW)] for MY 1995 and 2001, primarily because of exhaust emissions compliance problems

(e.g. NOx). . : ,

. 'To generate a fuel price forecast, the team conducted a multistep proces’s that first examined
SRI’s forecast Arabian light crude oil prices at the wellhead that would be delivered o a U.S.
refinery (e.g., Houston, TX). In the next step, the team added gasoline refining costs, including
special environmental expenses to comply with 1990 Clean Aitr Act requirements. Such
requirements include the need to reduce Reid vapor pressure, reduce benzene content, limit
aromatic content, and add oxygen. Finally, the team added costs for transportation to dealers,
dealer margins, assumed state and federal fucl taxes and state and local sales taxes to the finished
gasoline price at the refinery gate, thus yielding retail pump prices.

Moderate increases are built into the tax structure as state and federal government
demonstrate the need (budgel problems) and willingness to raise revenues from this source.
Within the past year, sizable increases already were rolled into California and federal fuel 1axes.
Although an underlying political sentiment exists for raising taxes to discourage [uel
consumption, the SRI team did not factor in the $0¢/gallon (or higher) tax that some
contemplated. SRI is aware that European governments regularly tax fuel in the $1.50 to
$4.00/gallon range, but this was judged not 1o be politically acceptable in the United States.

The entire analysis was performed in 1990 dollars, Results are shown in the tabulation -
below and are illustrated graphically in Figure D-1.

Price Price

Year _{$/gallon) Year ﬂgallon)
1980 115 2000 148
1991 1.14 2001 155
. 1992 - 112 2002 1.62
19393 1.1 2003 168
1994 1.1 2004 1.70
1995 112 2005 1.74
19856 1.18 2006 1.78
1997 3.19 2007 182
1998 125 2008 184
1989 197 2009 1668
2010 188

D1



Regular Unleaded Qasotine Price,
990 L.S $/gatio

200 1
1.90 4
160 4.
= 1.70 |
1.60 4
& 150 +
1.40 4
¥ 1.80
1.20 ¢
1.10

1.00 PO | -
1990 Bt 92 93 B4 1995 V6

SOURCE:; SRI international

ate | I I

2 03 04 200506 U7 08 09 2010

a (] "

97 98 'Y 2000 01

FIGURE D1 QASOLINE PRICE FORECAST
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Appendix E

r - - |
> PROJECTED ANNUAL MILES TRAVELED PER VEHICLE



Years of MY 1895 Purchase MY 2001 Pyrchase -
Ownership_ Passenger Car, Y ) _gamer_c.ﬂ_ LT
1 13,800 . 15,600 13,800 15,800
2 12,600 14500 13,200 14,100
3 12,300 14,000 12,600 14,400 .
4 11,600 13,300 12,000 13,700
5 11,100 12,600 11,400 13,000
€ 10,500 11,800 10,800 12,600
7 10,000 11300 - 10.300 11,800
8 9,500 10,700 9,800 11,100
9 8,100 10,300 9,300 10,700
10 8,700 9,900 8,800 10,200
Note: Derived by SR from EPA Mobile 4 data baseline (May 1989) adjusted for expected growth.

SRI research indicates that VMT will grow slowly in the long le
leisure time, but short-term flucluations may occur in response’

in vemcle fue! efficiency.

Table E-1
" PROJECTED ANNUAL MILES TRAVELED PER VEHICLE

E-1

rm,. with increased availability of
to fuel prices and changes
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1

Tabte F-1
FUEL PRICE SENSITIVIVY DATA (B/C Variation with Fuel Pllo. Level)

__MY 1995 Purchase MY 2001 Puschaso® :
_ 4-y5 Payback 10-y1 Payback . 438 Payback 10-yr Payback
1008 2000 )
T (Technology improvervents) Rask P20 £ Ps030 P020 P Pmso Rank} P020 P P:030 P020 P Ps030
CR+0.5va sd 1 182 220 278 367 499 1 410 468 554 752 854 1002
Decol fue! off vs on 2 281 339 428 587 6.68 ._‘us 2 414 472 559 780 880 1012
Spec. lube va sid 3 119 137 112 220 269 330 4 167 190 225 308 348 407
DAB vs. hydreufic 4 084 113 142 189 223 273 3 208 235 27 are 428 8.0
Adv tires vs std 5§ 070 085 107 142 167 208 § 104 118 140 130 215 2859
Asro drag, -10% 8 055 067 084 ' 112 132 162 6 082 093 1.10 150 1.70 2.00
TBlva cab 7 058 087 084 192 131 161 7 o082 0983 110 150 160 199
RCF-pushrad va slidiag contact 8 049 059 074 039 117 143 9 072 082 099 133 150 177
Lockup AT va cpen convarter 9 042 051 084 085 101 123 8 ¢73 084 099 3¢ 152 17
VVT-OMG vs fixed timing 10 038 043 035 073 065 1.05 12 o053 060 072 097 110 129
Friction, -10% 11 035 042 08 070 08 1.02 10 068 078 0% 125 142 187
Uhra adv AT ve std 12 031 037 047 052 073 090 13 046 052 062 084 095 1.0
Car, wt, 5% 13 029 035 o044 050 069 0B84 t4 043 D48 OS7 078 0.8 104
RCF-OHC va slding contadt 14 028 034 043 057 087 082 15 041 047 036 078 086 1.0
Thes-inj-moid vs std 15 023 028 038 047 056 068. 18 035 039 047 083 072 o0&
Loon-ukra-low burn vs std 16 021 025 032 042 050 081 18 031 035 042 057 064 0.7¢
Spik porivar inske vs std 17 o021 025 032 042 050- 061- 11 061 063 082 - 112 128 149
Engnewired (AlblkvaFs] =~ 18 047 @2t 027 - 035 042 051 20 020 029 035 047 053 063
SFivs TBI ) 19. 016 020 029 ‘033 039 049 17 034 039 o048 083 0.7¢ o064
K V8 2 o015 01 022 020 035 049 9 o 0 0 e o0 o
Curw, -10% 21 o014 017 022 029 034 042 21 021 024 o029 039 044 0S2
Cuwt, -1% 2 o014 017 021 028 034 041 2 021 D28 028 038 043 DSt
MFlvs TB) 23 034 047 o02% 020 033 041 19 027 03t 037 050 057 o067
L4ATve Ad . 24 013 018 020 .020 032 099 23 019 022 o028 038 041 049
Retuned vs std intake 25 043 045 0.9 028 039 037 2¢ 019 022 o020 035 039 048
Engine wi red (Al va Fe) 26 009 011 014 019 022 027 26 014 018 0.19 025 029 034
VVT-pushrod vs fixed 27 007 003 o.f0 015 017 020 20 041 042 014 010 022 026




(4

Table F-1

(concluded)
MY 1995 Purchase MY 2001 Purchass*
4y Payback 10-yr Payback 4-yt Payback 10-yv Payback

J!lm&m.!mm-n_bl. M L,_ L .E___*O P020 P P:0.30 ._r&t.ﬂa Po20 P P30 P020 P P00
4ATvs 13 0.08 014 0.t8 017 010 031 013 018 €21 024
Electronic AT va hydrauito 29 nos 0.07 o.oa 012 014 0.18 :u 008 010 0.12 016 018 02t.
AV/SOHGC vs 2VSOHG S0 008 007 009 011 013 016 25 o018 017 o2t 028 ¢3%2 037
2-spd access va 1-epd 81 005 0068 007 0.0 092 014 38 007 008 0.0 0.13 016 0.18
Al hd combisstion va Fe 92 005 006 007 0.0 091 014 37 - 007. 008 009 013 014 0.7
L1 vs s1d vaive tralt 33 004 005 008 000 0.90 012 33 . 008 007 0.09 012 013 0.5
Carwt, -20% (Al vs steel) 34 004 005 008 009 0.0 0.2 40 008 007 009 012 013 0.18
4VISOHC vs 3WSOHC < . 004 005 008 .00 0.0 012 30 010 0.11 0.13 018 020 024
3V/SOHC vs ZWSOHC 38 004 005 005 008 010 0.2 3t o100 031 01 0.8 020 0.24
2VIOHC vs pushrod 2V 37 004 005 006 000 009 O0.91 27 013 o015 0.7 023 026 031
4AV/DOHC vs 2WSOHC 38 003 004 005 007 008 010 33 009 041 0.13 017 o019 023
CVivsld 39 003 004 005 007 008 0.0 32 " 010 011 O.M 0.18 021 024
WBwid 40 002 003 004 005 008 007 42 003 004 005 008 007 008
SFivs MA 4 Y o o 0. o 44 0 0 0 0 o 0
Vevs V8 2 o [ o 6- o. 0 35 008 009 0. 015 0.17 020
Superchaged ges ve NA' 43 o 0 o 0 0 0 . 38 Q07 008 008 013 014 0.7
. Turbochamged gas ve NA- 4 002 02 0 004 DO5 -006 41 004 005 006 008 008 O.11

“Opmal generic FE gain basty.
mmnmmummmuumuwmﬁunmwnm
msmmm
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AT

DAB
DOHC
DOE
EAT

"EPA

gpm
GVwW

LS5,4,3-

10T

mpg
MVMA

NA
NHTSA

GLOSSARY

auomatic transmission

corporate average fuel economy
chlorofluarocarbon
continuously variable uanmssxon

direct acting bucket

dual overthead cam

Department of Energy (U.S.)
Department of Transportation (U.S.)

electronic automatic transmission
engineering interaction factor
Environmental Protection Agency (U.S.)

fuel economy
front-whee!l drive )

‘ gallons per mile

gross vehicle weight

lockup §-, 4-, 3-, speed' automatic ransmission |
light-duty ruck

multiport fuel injection
miles per gallon
Motor Vehicle Manufacturers Assocxauon

* model year-

naturally aspirated
National Highway Traffic Safety Administration

'orig!nal equipment manufacwrer

present value
roller cam follower

retail price equivalent
rolling resistance
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RWD

SOHC
TBI

rear-wheel drive

Society of Automotive Engineers
sequential fuel injection
single.overhead cam

throttle body injection
u;chnolog;y improvement

vehicle miles Wded
variable valve timing

G-3



	image80874
	image80894
	image80895



