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PETROLEUM DISPLACEMENT “AND” SCENARIOPETROLEUM DISPLACEMENT “AND” SCENARIO 
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Fuel Economy 
Improvements and Mix Shift 

Alternate Fuels: LiquidAlternate Fuels: Liquid 
BiofuelBiofuel and Compressedand Compressed 

Illustrative SchematicIllustrative Schematic 

TimeTime 

Start soon with early options; finish with strongest long-term portfolio 
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Natural GasNatural Gas 
Petroleum ElectricityElectricity 

HydrogenHydrogen 



VEHICLE APPLICATION MAPVEHICLE APPLICATION MAP 
Will require both batteries and fuel cells to coverWill require both batteries and fuel cells to cover 
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STRASTRATEGYTEGY
 

ImprovImprovee
 
VeVehhiiccllee
 

Fuel EconomyFuel Economy
 
andand 


EmissionsEmissions
 

EnergyEnergy 
DiversityDiversity
 

DisplaceDisplace 
PetrolPetroleumeum 

H b id  El tHybrid-Electric 
Vehicles (including

Hydrogen 
Fuel Cell-Electric 

Vehicles 

Battery-Electric
Vehicles (including

E REV)i E-REV) 

Plug-in HEV) 
IC Engine


and Transmission
 
Improvements
 TiTimmee 

Petroleum (Conventional and Alternative Sources) 
Alternative Fuels (Ethanol, Biodiesel, CNG, LPG) 

Electricity (Conv. and Alternative Sources) 
Hydrogen 



  NiMH VS. LINiMH VS. LI--ION BATTERY PACKSION BATTERY PACKS 



  

  

  

  

BABATTERTTERYY TECHNOLOGY IMPROVEMENTSIMPROVEMENTS
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TYPICAL DAILY COMMUTETYPICAL DAILY COMMUTE –– U.S.U.S. 
40 Miles Is the Key40 Miles Is the Key 

78%of customers 
commute 40 miles 

d il  

Based on OmniStats Data posted by the U.S. Bureau of Transportation 

dailyor less 



  

Chevrolet Volt 
Electric Vehicle (with a Range-Extender) 

BATTERY 
Electric Drive 

(typically 25-50 mile EV range) 
Driving on Gasoline 

EXTENDED RANGE 
Designed for over 300 milesmiles40Designed for 

New EPA label:  EV @ 93mpg (35 miles) + Gas @ 37mpg comb (344 miles) = Overall 60mpg (379 miles) 



 

   

  
 

 

 

 

Volt Rollout StatusVolt Rollout Status 
• December 2010 - Ship to Commerce began with 7-state rollout 
• Summer 2011 - Michigan assembly plant retooled to increase production 
• September 2011 – Best month ever for Volt retail sales! 
• October 2011 - Volt retail sales now in 27 states – national by year’s end 

• 2,200 Volts now at dealers or in transit for dealer demo’s 
• 4,000 Volts delivered to customers 

• Supply driven - focus on Quality launch and progressive build-up of volume 
• Greater fleet availability for MY2012 

11 

Volts Purchased or 
Leased by Consumers 

in these States 

Hawaii 
Alaska 

Volts On Order 

Volts have migrated 
to 49 states ! 



CHARGING AND INFRASTRUCTURECHARGING AND INFRASTRUCTURE 

120V120V CordsetCordset120V120V CordsetCordset 

 120V (1.2 kW) charging120V (1.2 kW) charging –– household outlethousehold outlet 
 240V (3.3 kW) charging240V (3.3 kW) charging –– oneone­-time investmenttime investment 
 Charger and control logic on board the vehicleCharger and control logic on board the vehicle 240V Charge240V Charge

StationStation
240V Charge240V Charge

StationStation 
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WHERE ARE THE CARS?WHERE ARE THE CARS? 
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Fleet Distribution during week 
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Source: 2001Source: 2001 National Household TravelNational Household Travel Survey;Survey; GM Data Analysis (Tate/GM Data Analysis (Tate/SavagianSavagian))– SAE paper 2009SAE paper 2009--0101-13111311 
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 Public chargingPublic charging 
–– High visibilityHigh visibility 
–– Commercial/RetailCommercial/Retail 
–– Public education and outreachPublic education and outreach 

 WorkplaceWorkplace 

CHARGING INFRASTRUCTURECHARGING INFRASTRUCTURE 

WorkplaceWorkplace 

PublicPublicPublicPublic 

 WorkplaceWorkplace 
–– Corporate, municipalCorporate, municipal 

parking lotsparking lots 

 Residential (majority)Residential (majority) 
–– SatisfyingSatisfying consumerconsumer­-drivendriven 

home installation processhome installation process 
–– Permits, electricians,Permits, electricians, 

inspections, meters, ratesinspections, meters, rates 

ResidentialResidential 
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HOME CHARGINGHOME CHARGING INSTINSTALLAALLATIONTION –– EARLEARLYY LEARNINGS 

240V Home Charging240V Home Charging (120V cordset is standardis standard wwiithth VVoolt)lt)(120V cordset
 58%58% of Vof Voolt customerslt customers choosingchoosing 240V240V chargingcharging 

–– 35%35% hardwhardwareare onlyonly and 23% hardwand 23% hardw areare wwiith home installationth home installation 

 $500 $6,000 (~$1,500 avgHome chargingHome charging installationinstallation $500--$6,000 (~$1,500 avg)) 
–– Permitting costs $25 $325Permitting costs $25--$325
–– 22ndnd metermeter incrincremental costs ~$1emental costs ~$1,,000000 ((overheadoverhead)) toto ~$3~$3,,000000 ((underunderggroundround)) 
––	 $490 $1,500240V hardw240V hardwareare (EVSE)(EVSE) additionaladditional $490--$1,500

 take 2 4 hoursStandardStandard installations typicallyinstallations typically take 2--4 hours

– Non--standard installations
– Non standard installations cancan requirerequire trenching, servicetrenching, service upgrades, etc.upgrades, etc. 
–– Utilities varUtilities varyy onon time--of	 options  sub meter, wholehole househouse TTOOU)U)time of--use (T	 metermeter,, sub--meter, wuse (TOU)OU) options (2(2ndnd


–– otal time from registration to inspection can be 1 6 weekseeks
TTotal time from registration to inspection can be 1--6 w

 Inspectors areInspectors are learninglearning aboutabout EV charging,EV charging, chargingcharging equipmentequipment 
suppliers, metersuppliers, meter optionsoptions 
–– Numerous requestsNumerous requests forfor additionaladditional info,info, drawdrawings, visits,ings, visits, codecode interpretationsinterpretations 
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GM/UTILITY PARTNERSGM/UTILITY PARTNERS 
FOR VOLT RETAIL MARKET ROLLOUTFOR VOLT RETAIL MARKET ROLLOUT 

PacifiCorpPacifiCorp 

HydroHydro--QuébecQuébec 

Dairyland PowerDairyland Power
Consumers EnergyConsumers Energy 

EnWinEnWin NYPANYPA 

Central Hudson G&ECentral Hudson G&E 

BC HydroBC Hydro 

Northeast UtilitiesNortheast Utilities 

NY ISONY ISO 

PJMPJM 

Seattle City LightSeattle City Light 

Great River EnergyGreat River Energy 

DTEDTE 
ConEdConEd 

Hydro OneHydro One 

Portland General ElectricPortland General Electric 

Snohomish County PUD No. 1Snohomish County PUD No. 1 

We EnergiesWe Energies 
Rochester G&ERochester G&E 

LIPALIPA 

Manitoba HydroManitoba Hydro 

United IlluminatingUnited Illuminating 

Avista Corp.Avista Corp. 

Madison G&EMadison G&E National GridNational Grid 

Sacramento Municipal UDSacramento Municipal UD 

San Diego Gas & ElectricSan Diego Gas & Electric 

TriTri-State G&TState G&T 

Arkansas Electric CoopArkansas Electric Coop 

HoosierHoosier 

Southern CompanySouthern Company 

PSEGPSEGExelonExelon 

CPS EnergyCPS Energy 

Southern California EdisonSouthern California Edison 

Hawaiian Electric Co.Hawaiian Electric Co. 

Great Plains EnergyGreat Plains Energy 

FirstEnergyFirstEnergy Constellation EnergyConstellation Energy 

Progress EnergyProgress Energy 

PJMPJM 

Salt River ProjectSalt River Project 

Austin EnergyAustin Energy 

Pepco Holdings, Inc.Pepco Holdings, Inc. 

Tennessee Valley AuthorityTennessee Valley Authority 

Nebraska Public Power Dist.Nebraska Public Power Dist. 

AEPAEP 

Duke EnergyDuke Energy 
AmerenAmeren 
ServicesServices 

Hetch Hetchy Water and PowerHetch Hetchy Water and Power 

LIPALIPA 

Pacific Gas & ElectricPacific Gas & Electric 

Golden Valley Electric Assn.Golden Valley Electric Assn. 
CenterPoint EnergyCenterPoint Energy 

Lincoln ElectricLincoln Electric 
Dominion ResourcesDominion Resources 

Madison G&EMadison G&E 

Arizona Public ServiceArizona Public Service 

National GridNational Grid 

OncorOncor 
American Electric PowerAmerican Electric Power 



ELECTRIC GRID DESIGNED FOR PEAK DEMANDELECTRIC GRID DESIGNED FOR PEAK DEMAND 
VOLT LEVERAGES OFFVOLT LEVERAGES OFF--PEAK FOR CHARGINGPEAK FOR CHARGING 
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 Dedicated project leaderDedicated project leader 
 State, city, countyState, city, county 
 Clean Cities Orgs/AQMDClean Cities Orgs/AQMD 
 DOTDOT 

PLUGPLUG--IN READY COMMUNITIESIN READY COMMUNITIES 
Required StakeholdersRequired Stakeholders 

 Utilities (municipal andUtilities (municipal and 
regional)regional) 

 Regulators/public utilityRegulators/public utility 
commissionscommissions 

 Permitting and codePermitting and code 
officialsofficials 

 Local employersLocal employers 
 Local universitiesLocal universities 
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PLUG IN READY COMMUNITIESCOMMUNITIESPLUG--IN READY
Required StakeholdersRequired Stakeholders	 Desired EnablersDesired EnablersDesired EnablersDesired Enablers
 

Game PlanGame Plan 
InfrastrucInfrastructtureure//IncInceentntiviveses/Edu/Educatcational Outreachional Outreach 

VVeehhiiclecle 
PuPurchrchasease 
InIncencentivtiveess 

ChaCharrging Insging Insttaallallationtion 
InIncencentivtiveess 

(H(Hoomme, We, Woork,rk, PuPubblic)lic) 

Low OffLow Off--Peak ChPeak Chargargiinngg RatesRates 
(e.(e.gg..,, toto encourencourageage ninighttighttimeme charchargiging)ng) 

GreenGreen/Ren/Renewewabablele 
ChaCharrging Optionsging Options Building CodeBuilding Codess toto 

IncInclludeude HomeHome 
ChaCharrging Enaging EnabblelersrsGovGoveernment Fleetrnment Fleet 

PuPurchrchasesases 

HOV LaHOV Lanene 
AAcceccessss 

FFrreeee 
ParkingParking 

FFrreeee 
ChaCharrgingging 

 Dedicated projectDedicated project leaderleader
 
 State, cityState, city,, countycounty 
 Clean CitiesClean Cities Orgs/AQMDOrgs/AQMD 
 DOTDOT 
 UtilitiUtilitieses ((munmuniicciipapall anan dd 

regional)regional) 
 Regulators/public utilityRegulators/public utility 

commissionscommissions 
 Permitting andPermitting and codecode 

ofofficialsficials 
 Local employersLocal employers 
 Local universitiesLocal universities 



    

GM’s Project Driveway
Real World Experience with a Fuel Cell Vehicle 

119 vehicles in 6 countries; Over 80,000 applicants119 vehicles in 6 countries; Over 80,000 applicants
80 Mainstream Drivers Using Fuel Cell as Personal Vehicle80 Mainstream Drivers Using Fuel Cell as Personal Vehicle

8,000 everyday drivers8,000 everyday drivers

119 vehicles in 6 countries; Over 80,000 applicants119 vehicles in 6 countries; Over 80,000 applicants
80 Mainstream Drivers Using Fuel Cell as Personal Vehicle80 Mainstream Drivers Using Fuel Cell as Personal Vehicle

8,000 everyday drivers8,000 everyday drivers 

2,000,000 miles logged2,000,000 miles logged2,000,000 miles logged2,000,000 miles logged 



GM Chevrolet Fuel Cell EquinoxGM Chevrolet Fuel Cell Equinox
Real World ExperienceReal World Experience
GM Chevrolet Fuel Cell EquinoxGM Chevrolet Fuel Cell Equinox
Real World ExperienceReal World Experience 

Successful operation through 4 full wintersSuccessful operation through 4 full winters
Photo from Winter Testing in Northern OntarioPhoto from Winter Testing in Northern Ontario –– 20082008

Field Operating Experience toField Operating Experience to ––2020ooCC

Successful operation through 4 full wintersSuccessful operation through 4 full winters 
Photo from Winter Testing in Northern OntarioPhoto from Winter Testing in Northern Ontario –– 20082008

Field Operating Experience toField Operating Experience to ––2020ooCC 



    

GM Project DrivewayGM Project Driveway
World’s largest fuel cell vehicle demonstrationWorld’s largest fuel cell vehicle demonstration
GM Project DrivewayGM Project Driveway
World’s largest fuel cell vehicle demonstrationWorld’s largest fuel cell vehicle demonstration 

Over 1,980 hours on single vehicle systemsOver 1,980 hours on single vehicle systems
Reduced COReduced CO22 Emissions by 1.7 Million pounds (836 U.S. tons)Emissions by 1.7 Million pounds (836 U.S. tons)

Over 1,980 hours on single vehicle systemsOver 1,980 hours on single vehicle systems
Reduced COReduced CO22 Emissions by 1.7 Million pounds (836 U.S. tons)Emissions by 1.7 Million pounds (836 U.S. tons) 



Business to Business PartnershipsBusiness to Business Partnerships
Real World ExperienceReal World Experience
Business to Business PartnershipsBusiness to Business Partnerships
Real World ExperienceReal World Experience 

Fuel Cell Vehicle Rescuing Stranded 
Internal Combustion Engine Drivers
Fuel Cell Vehicle Rescuing Stranded 
Internal Combustion Engine Drivers 



Hydrogen FuelingHydrogen Fueling
Real World ExperienceReal World Experience
Hydrogen FuelingHydrogen Fueling
Real World ExperienceReal World Experience 

700 bar stations with 3 minute refueling700 bar stations with 3 minute refueling –– 300 miles300 miles
Over 24,000 refueling eventsOver 24,000 refueling events
Over 53,000 kg of HOver 53,000 kg of H22 fueledfueled

700 bar stations with 3 minute refueling700 bar stations with 3 minute refueling –– 300 miles300 miles 
Over 24,000 refueling eventsOver 24,000 refueling events
Over 53,000 kg of HOver 53,000 kg of H22 fueledfueled 
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U.S. INFRASTRUCTURE DEVELOPMENTU.S. INFRASTRUCTURE DEVELOPMENT 
FOR FIRST MILLIONFOR FIRST MILLION FCEVsFCEVs 
 $10$10--25B investment would establish network25B investment would establish network 

of 11,700 stationsof 11,700 stations 
–– Top 100 urban areasTop 100 urban areas 
–– 130 000 miles of highway130 000 miles of highway130,000 miles of highway130,000 miles of highway 



PROJECT DRIVEWAYPROJECT DRIVEWAY 

2525--50 MILES50 MILES 
GASGAS--FREEFREE 

2,000,0002,000,000 
MILES LOGGEDMILES LOGGED 
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Compare and Contrast InfrastructureCompare and Contrast Infrastructure 
 Hydrogen 

– Public infrastructure 
– Commercial installers, permitters, inspectors 
– Infrastructure installation has no impact on consumer 
– Upfront cost to install a station serving 1,000-1,500 customers/week 

 Electrical 
– Home charging 
– 120V is viable (for an EREV or PHEV) and no-cost 
– 50-60% Volt customers opting for 240V home charging 

• Cost impact of 240V EVSE and home installation 
• Time and inconvenience for home installation 
• Patchwork of incentive programs 	help consumers, but add cost and complexity 

for OEM 
– Public charging is optional 

• Easier to rally local stakeholders to install a few public chargers 
– Distributed cost to establish home charging 
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