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In the early 1900’s more than 
27 companies were building 
electric cars

In 1914, Henry Ford and 
Thomas Edison 
experimented with an electric 
car using Edison Batteries 

In 1915 the Ward Motor 
Vehicle Company offered  an 
electric wagon for $875 on an 
1yr installment plan for the 
vehicle and a $10.50/month 
rental fee for the Edison 
Storage battery

Electrification of vehicles:Electrification of vehicles:
100 year old vision100 year old vision……



Contributions to COContributions to CO22 Emissions is Emissions is 
Across Global Regions and Industry Across Global Regions and Industry 

SectorsSectors

OnOn--road cars (32%) and lightroad cars (32%) and light--duty trucks (29%), as a duty trucks (29%), as a 
portion of the transportation sector (33%), contribute portion of the transportation sector (33%), contribute 
about 20% of US and ~11% of global CO2 emissionsabout 20% of US and ~11% of global CO2 emissions
Vehicles are significant source of Vehicles are significant source of GHGsGHGs but are often but are often 
perceived to be the major sourceperceived to be the major source

Light-Duty 
Trucks, 29%
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Cars, 32%
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U.S. TransportationU.S. SectorsGlobal



Stabilizing Atmospheric 
CO2 Levels
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Accepted Range To Minimize 
Environmental Impact

650 ppm: 2.3 - 3.7 °C

550 ppm: 2.0 - 3.4 °C

450 ppm: 1.7 - 2.8 °C

Simply Simply ““not getting worsenot getting worse”” is not good enoughis not good enough
COCO22 reduction is required on a global basis going forwardreduction is required on a global basis going forward
This is a long term commitment for a sustainable future This is a long term commitment for a sustainable future 

WhatWhat’’s Driving Us?s Driving Us?



• Significant number of vehicles with 
EcoBoost engines

• Electric power steering – begin global 
migration 

• Dual clutch and 6 speed transmissions 
replace 4 & 5 speeds

• Flex Fuel Vehicles
• Add Hybrid applications
• Increased unibody applications
• Introduction of additional small vehicles 
• Battery management systems – begin 

global migration
• Aero improvements
• Stop/Start systems (micro hybrids) 

introduced
• CNG/LPG Prep Engines available where 

select markets demand

Sustainability Strategy Sustainability Strategy ––
Technology Migration PlanTechnology Migration Plan

2007 2011 2020 2030
Near Term

Begin migration to 
advanced technology

Mid Term

Full implementation of 
known technology

Long Term
Continue leverage of Hybrid
technologies and deployment 

of alternative energy sources

Near Term Mid Term Long Term
• EcoBoost engines available in nearly 

all vehicles
• Electric power steering  - High 

volume
• Six speed transmissions  - High 

volume
• Weight reduction of 250 – 750 lbs
• Engine displacement reduction 

aligned with weight save
• Additional Aero improvements 
• Increased use of Hybrid 

Technologies
• Introduction of PHEV and BEV
• Vehicle capability to fully leverage 

available renewable fuels*
• Diesel use as market demands
• Increased application of Stop/Start

• Percentage of Internal combustion 
engines dependent on renewable 
fuels

• Volume expansion of Hybrid 
technologies

• Continued leverage of PHEV, BEV
• Introduction of fuel cell vehicles
• Clean electric / hydrogen fuels
• Continued weight reduction actions 

via advanced materials



Hope for ICE?Hope for ICE?

EcoBoostEcoBoost will have will have 
an even bigger an even bigger 
impact thanimpact than
hybrids...hybrids...

because we intend because we intend 
to roll it out to most to roll it out to most 
of our fleet.of our fleet.

NOTE !NOTE !
CHP and advanced TE CHP and advanced TE 
devices (i.e. devices (i.e. PeltierPeltier) ) 
can eventually push can eventually push 
efficiencies efficiencies 
dramatically higherdramatically higher



Much to Learn CollectivelyMuch to Learn Collectively
Unique partnership between 
automotive and utility sectors to 
accelerate the commercialization of 
PHEVs and BEVs

Project goals: 

Creation of New Business Models

Development of open 
architectures, standards and 
specifications

Create Customer Demand based 
on realistic expectations

Diversifies transportation energy 
supply

Future Vision:  From Independent to 
Integrated

Two industries connected by a 
common fuel … driving our 

transportation and energy future…

Unique partnership between 
automotive and utility sectors to 
accelerate the commercialization of 
PHEVs and BEVs

Project goals: 

Creation of New Business Models

Development of open 
architectures, standards and 
specifications

Create Customer Demand based 
on realistic expectations

Diversifies transportation energy 
supply

Future Vision:  From Independent to 
Integrated

Two industries connected by a Two industries connected by a 
common fuel common fuel …… driving our driving our 

transportation and energy futuretransportation and energy future……



Energy lossesEnergy lossesEnergy losses

fueleconomy.gov/feg/atv.shtml

Only about 15% of the energy from the fuel you put in your tank Only about 15% of the energy from the fuel you put in your tank gets used to gets used to 
move your car down the road or run useful accessories, such as amove your car down the road or run useful accessories, such as air ir 
conditioning. The rest of the energy is lost to engine and driveconditioning. The rest of the energy is lost to engine and driveline line 
inefficiencies and idling. Therefore, the potential to improve finefficiencies and idling. Therefore, the potential to improve fuel efficiency uel efficiency 
with advanced technologies is enormous.with advanced technologies is enormous.

hybrids fix braking loss: series or parallel?



Why Hybrid Why Hybrid PowertrainPowertrain

Conventional Vehicle Energy Utilization Conventional Vehicle Energy Utilization 

engine idleengine idle
17.2% 17.2% (3.6%)(3.6%)

engine lossengine loss
62.4% 62.4% (69.2%)(69.2%)

drivelinedriveline

accessoriesaccessories
2.2% 2.2% (1.5%)(1.5%)

driveline lossdriveline loss
5.6% 5.6% (5.4%)(5.4%)

aeroaero
2.6% 2.6% (10.9%)(10.9%)

kinetickinetic

brakingbraking
5.8% 5.8% (2.2%)(2.2%)

rollingrolling
4.2% 4.2% (7.1%)(7.1%)18.2% 18.2% (25.6%)(25.6%) 12.6% 12.6% (20.2%)(20.2%)100%100%

Legend: city Legend: city (highway)(highway)



www.selfinflatingtire.com

(exit to video)

An example of what 
one company does to
mitigate just one of the
many losses on vehicles...



At night, when electric demand is low, Ludington’s reversible 
turbines pump water 363 feet uphill from Lake Michigan. The 
water is pumped through six large pipes, or “penstocks”, to the 
842-acre (27B gal) reservoir. During the day, when electric 
demand is high, the reservoir releases water to flow downhill 
through the penstocks. The flowing water turns turbines and 
generators in the powerhouse to make electricity. 

The value of storing 
energy for later use...



Hybrid Vehicle Hybrid Vehicle 
TypesTypes

M
ot

or

IC
E

Parallel Hybrid:Parallel Hybrid:
Engine power = mechanical pathEngine power = mechanical path
Motor provides assistanceMotor provides assistance

Series Hybrid:Series Hybrid:
EV Operation w/StopEV Operation w/Stop--StartStart
High efficiency High efficiency RegenRegen BrakingBraking
Engine downsizingEngine downsizing
FullFull--size drive neededsize drive needed

PowerSplitPowerSplit Hybrid:Hybrid:
w/ benefits of bothw/ benefits of both
Simple transmissionSimple transmission

IC
E

M
ot

or



Engine locked
(planetary carrier)

generator

engine

The Planetary Gear
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Engine 
stop/start

Engine Assist 
(Downsize)

Regenerative 
Brake

Electric 
launch

All Electric 
Drive

Fuel 
Economy 

Improvement 

Micro-hybrid  
(14V)

YES
(> 0.3 sec )

Minimal 
(< 3 kW)

Minimal 
(< 3 kW)

NO NO 3-6%

Mild Hybrid    
(42V)

YES Modest 
(< 9 kW)

Modest 
(< 9 kW)

NO NO 8%/12%

Medium Hybrid 
(100+V)

YES YES YES
(full benefit) 

NO NO 40%

Full Hybrid     
(300V)

YES YES YES YES NO 55%+

Plug In Hybrid 
(based on 
Blended Full)

YES YES YES YES No (Blended)
Yes (Series)  

80%+

Battery Electric 
Vehicle       

YES No Engine YES YES YES Infinite 

Electrification Technologies Electrification Technologies –– Background  Background  

Function                

System 



HEV PHEV BEV

Battery Yes (Power) Yes (Energy) Yes (Energy)

Electric AC Yes Yes Yes

DC/DC Converter Yes Yes Yes

Regen Brakes Yes Yes Yes

Motor(s) Yes Yes Yes

Inverter(s) Yes Yes Yes

Transmission Yes Yes No

EV Gearbox No No Yes

Charger No No Yes

HEV HEV →→ PHEV PHEV →→ BEV Components BEV Components 

Yes



Multiple Cost DriversMultiple Cost Drivers
Application/Usage (Drive Cycles)Application/Usage (Drive Cycles)

Peak to Average Power RatioPeak to Average Power Ratio
Thermal CyclingThermal Cycling
Power CyclingPower Cycling
Desired RangeDesired Range

TechnologyTechnology
Silicon Technology (IGBT, Diodes) Silicon Technology (IGBT, Diodes) –– Industry Standards vs. Custom?Industry Standards vs. Custom?
Power Module Packaging and Cooling TechnologyPower Module Packaging and Cooling Technology
Capacitor TechnologyCapacitor Technology
Sensing TechnologySensing Technology
Battery Cell TechnologyBattery Cell Technology

Commonality and ReuseCommonality and Reuse
Power Density Power Density –– Package Size Package Size 
Fixed vs. TunableFixed vs. Tunable
Connection SystemsConnection Systems

Total cost can be 
very high –

investment and 
component cost



Hybrid Battery Technology Comparison
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Realizing The Power Realizing The Power 
of Pluggingof Plugging--InIn

Two industries (PHEV & BEV) tied together 
through a common fuel to change the 
transportation and energy paradigm 



Much to Learn CollectivelyMuch to Learn Collectively

Unique partnership between 
automotive, utility, and data sourcing 
sectors to accelerate the 
commercialization of PHEVs and BEVs

Project goals: 

Creation of New Business Models

Development of open architectures, 
standards and specifications

Create Customer Demand based on 
realistic expectations

Diversifies transportation energy 
supply

Future Vision:  From Independent to 
Integrated

Two industries connected by a common 
fuel … driving our transportation and 

energy future…

Unique partnership between 
automotive, utility, and data sourcing 
sectors to accelerate the 
commercialization of PHEVs and BEVs

Project goals: 

Creation of New Business Models

Development of open architectures, 
standards and specifications

Create Customer Demand based on 
realistic expectations

Diversifies transportation energy 
supply

Future Vision:  From Independent to 
Integrated

Two industries connected by a common Two industries connected by a common 
fuel fuel …… driving our transportation and driving our transportation and 

energy futureenergy future……



Ford / Utility Partnership Objectives

PlugPlug--In CollaborationIn Collaboration Business Value ModelsBusiness Value Models
Technical Aspect
• Architectures, standards and 

specifications

• PHEV and grid performance, 
requirements 

Business Aspect
• Accelerating PHEVs and

Grid interface solutions in the
NA market

• Real world PHEV customer 
expectations and usage

• Data/modeling for the creation 
of new vehicle business models

• Battery – Determine a method to 
lower/offset the cost of the PHEV 
battery.

• Vehicle – Determine optimal 
battery/vehicle life-cycle match.

• Customer – Determine the value a 
PHEV offers the customer.

• OEM – Estimate OEM PHEV costs and 
net revenue (loss) with aspects of 
regulatory goals, production and 
warranty costs.

• Utility – Quantify PHEV/Grid value 
elements benefiting the electric power 
industry and PHEV owners, who are 
utility customers.

The PHEV business model is complex, involving connections 
between auto companies, utilities, government and battery suppliers 

as a means of arriving at a sustainable solution.



OverviewOverview
TimelineTimeline

Start:   July, 2007Start:   July, 2007
Finish: Dec, 2012Finish: Dec, 2012

PartnersPartners
Department of EnergyDepartment of Energy
Johnson ControlsJohnson Controls--SaftSaft (JC(JC--S)S)
Electric Power Research InstituteElectric Power Research Institute
Southern California EdisonSouthern California Edison
Detroit EdisonDetroit Edison
NY Power AuthorityNY Power Authority
Consolidated EnergyConsolidated Energy
NY State Energy Research & NY State Energy Research & 
Development AuthorityDevelopment Authority
Progress EnergyProgress Energy
Southern CompanySouthern Company
Pepco Holdings IncPepco Holdings Inc
American Electric PowerAmerican Electric Power
HydroHydro--QuebecQuebec
National GridNational Grid

ParticipationParticipation
One PHEV Hybrid Escape for period of One PHEV Hybrid Escape for period of 

three years. three years. 
Vehicle service included.Vehicle service included.
Vehicle and Fleet data through Ford Vehicle and Fleet data through Ford 

WebsiteWebsite
Conferences/planning/collaboration Conferences/planning/collaboration 

with Ford and utilities across NAwith Ford and utilities across NA
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What goes into a PHEV?What goes into a PHEV?
Total system approach requiredTotal system approach required……

Rear Cargo Area
1)1) replace production high voltage battery replace production high voltage battery 

with high energy Liwith high energy Li--Ion battery  Ion battery  
2)2) add battery chargeradd battery charger
3)3) add gateway module for plugadd gateway module for plug--in control in control 
4)4) revise rear structure for added weight revise rear structure for added weight 

and safety performanceand safety performance
5)5) redesigned suspension for added weightredesigned suspension for added weight

Transaxle/Engine Compartment
1)1) modify transaxle oil lubrication/cooling circuit for modify transaxle oil lubrication/cooling circuit for 

extended engineextended engine--off durabilityoff durability
2)2) add oil to air heat exchanger to increase continuous add oil to air heat exchanger to increase continuous 

operating capability of electric machinesoperating capability of electric machines

High Voltage EDS
1)1) increase wire increase wire 

diameter to handle diameter to handle 
60 kW peak power 60 kW peak power 

2)2) Modify safety Modify safety 
shutdownshutdown

110 V AC plug-in door

Other Areas
1)1) Emissions Emissions -- need revise strategy to need revise strategy to 

meet PZEV w/extended engine off timemeet PZEV w/extended engine off time
2)2) Climate control Climate control -- tailoring new tailoring new 

approaches for heating vehicle and approaches for heating vehicle and 
defrosting during extended engine off defrosting during extended engine off 
timetime

Brakes / Chassis
1)1) Update Update regenregen and and 
brakes/chassis for brakes/chassis for 
revised weight revised weight 
distribution/functiondistribution/function



Vehicle Integration ProgressVehicle Integration Progress

Due Diligence Engineering and Development of Due Diligence Engineering and Development of PHEVsPHEVs is Required to is Required to 
Meet Customer Expectations, Meet Customer Expectations, GovGov’’tt Regulations and Ford StandardsRegulations and Ford Standards

OEM tools/processes focus on delivery OEM tools/processes focus on delivery 
of a safe, reliable, durable and consumer of a safe, reliable, durable and consumer 
valuevalue--driven vehicle: driven vehicle: 

Vehicle structure & crash/responder safetyVehicle structure & crash/responder safety
High voltage & battery systemsHigh voltage & battery systems
Consumer & utility communicationsConsumer & utility communications
Thermal systemsThermal systems
Fuel Economy Emission systemsFuel Economy Emission systems

Vehicle/Grid Integration Progression:Vehicle/Grid Integration Progression:
Near Term Near Term -- G2V charging, G2V & V2G G2V charging, G2V & V2G 
Communication, Smart ConnectivityCommunication, Smart Connectivity
Mid Term Mid Term –– V2H Emergency Back Up V2H Emergency Back Up 
Power Power 
Long Term Long Term –– V2G Power FlowV2G Power Flow

PHEV Design Must be Integrated to Meet Standards & ExpectationsPHEV Design Must be Integrated to Meet Standards & Expectations



Features:

† Outstanding fuel economy - especially in real-world city driving

† Two-thirds fewer trips to the gas station

† Overnight recharging from standard home electrical outlet

† Interactive vehicle powertrain display

† Capless fuel filler

† Engine off operation during low speed driving

† Regenerative braking

† Flex Fuel (E-85)

Overall Vehicle Specifications:
† Engine: High efficiency 4 cylinder Atkinson cycle

† Li-Ion HV Battery Capacity: 11.5 kW - hr

† Fuel Capacity: 15 Gallons

† Seating: 5 Passengers

† Cargo Room: No compromise - Same as Ford Escape Hybrid

† Fuel Economy: Up to 120 mpg *

† Weight: 3900 lbs

† Max Speed: 102 mph

•Ford Escape Plug-In Hybrid operated in charge depletion mode

PHEV - Features and Specifications



What goes into a BEV?What goes into a BEV?

1

2
3 4

5

6

7

8

9

10

11

11

12

13

1

2

3

4

5

6

7

Motor Controller and Inverter

High Voltage Electric HVAC Compressor

Electric Water Pump

Traction Motor

Electric Power Steering

Gearbox

Modular Powertrain Cradle

9

10

High Voltage PTC Electric Coolant 
Heater and Controller

Vehicle Control UnitNo ICE, all BEVNo ICE, all BEV

• Powered by an electric motor 
and high-voltage lithium-ion 
battery cells

• Targeted range of 100 miles
• Other vehicle systems (e.g., 

HVAC) also require electric 
solutions

• 14 new components
• Have to rethink every system

8 Electric Vacuum Pump

11

12

13

Battery Pack and Battery Cells

AC Charger

DC-DC Converter

14 Plug in AC

14

Move from a 
engine driven 
hydraulic world 
to motor/battery 
driven electric 
world…



Advanced 
Lithium 

Batteries
for Mobile and 

Stationary
Uses Utility Data

Management
and Operations

An Aggressive, Pragmatic, DataAn Aggressive, Pragmatic, Data--driven driven 
Vision Utilities & Ford Working TogetherVision Utilities & Ford Working Together--

Smart
Appliances

Renewables
Wind/ Solar

Exploring Customer Value From Exploring Customer Value From ““Plugging InPlugging In””
•• Use low cost offUse low cost off--peak energy to charge vehicle peak energy to charge vehicle 
•• Storing energy in advanced batteries Storing energy in advanced batteries -- ““drivedrive”” the the 

wheels and occasionally wheels and occasionally ““powerpower”” the house the house 
•• Storing energy onStoring energy on--site from wind/solar generationsite from wind/solar generation
•• Finding new uses for generation capacity, at night, Finding new uses for generation capacity, at night, 

may help lower  future electricity ratesmay help lower  future electricity rates
•• Night time energy use may help enable Night time energy use may help enable renewablesrenewables
•• Finding new uses for Finding new uses for ““newnew”” batteries may help batteries may help 

lower costs of future hybrid batterieslower costs of future hybrid batteries

Lower PHEV/BEV acquisitionLower PHEV/BEV acquisition
& Ownership Costs?& Ownership Costs?
Utility Value?Utility Value?

Off Peak
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Deep Understanding V2G ConnectivityDeep Understanding V2G Connectivity

AC/DCAC/DC

DistributionDistribution
SubstationSubstation

Multiple Home PoleMultiple Home Pole
TransformerTransformer

AC/DCAC/DC

AC/DCAC/DC

HomeHome

ChargeCharge
Plug/Cord Plug/Cord 
Level 1 & 2 Level 1 & 2 
availableavailable
per SAE per SAE 
J1772 J1772 ©©

VehicleVehicle

BatteryBattery

Existing design:Existing design:
58A 58A –– 87A (not including 87A (not including 
charger)charger)
per NEC220per NEC220

Existing design:Existing design:
31A 31A –– 59A/ home*59A/ home*
per standard utility sizing methodsper standard utility sizing methods

Existing design:Existing design:
29A 29A –– 56A/ home*56A/ home*
per standard utility per standard utility 
sizing methodssizing methods

Existing wiring: Existing wiring: 
capable of worst capable of worst 
case drive cyclecase drive cycle

Existing battery: capable Existing battery: capable 
of charging at the of charging at the 
vehicle worst case drive vehicle worst case drive 
cycle discharge rate.cycle discharge rate.

* Multiplication * Multiplication 
factor (Coincidence factor (Coincidence 
factor) varies from factor) varies from 
region to region and region to region and 
utility to utility.utility to utility. Considering vehicles with 3.5 kW chargers, based on our understaConsidering vehicles with 3.5 kW chargers, based on our understanding of nding of 

NEC code, the calculated home current requirement will increase NEC code, the calculated home current requirement will increase by 17% to by 17% to 
25% and each utility component will equally be impacted.25% and each utility component will equally be impacted.



Human Machine Interface (NAV System)Human Machine Interface (NAV System)

Main Menu

Instant Fuel Economy Average Fuel Economy

Powerflow HV Battery

Trip Calculator Charge Settings

8484



Vehicle to Grid InterfaceVehicle to Grid Interface
Charge SettingsCharge Settings

Select Price –
Based Charge*

Input Price
Threshold*

Select Time –
Based Charge

Return to
Main Menu

Input Time –
Based Charge

Start Time

Select Time –
Based Charge
With End Time 

Input Time –
Based Charge

End Time

Allow Utility
Company to Interrupt 

Charge*

•- Denotes that option is only available if Utility Zigbee interface is present. If option is selected
and Zigbee interface is unavailable, vehicle will default to regular charge mode.

Appears when a Settings 
Conflict occurs



Energy Storage comes in a variety of flavorsEnergy Storage comes in a variety of flavorsEnergy Storage comes in a variety of flavors

Electrochemical (aka "batteries")Electrochemical (aka "batteries")
•• primary vs secondary (rechargeable)primary vs secondary (rechargeable)
•• NickelNickel--metal hydridemetal hydride
•• Lithium ion (popular research)Lithium ion (popular research)
•• Lithium polymerLithium polymer
•• Lead acidLead acid
•• Nickel cadmiumNickel cadmium
•• Zinc airZinc air
•• Flow batteriesFlow batteries
•• ZebraZebra

HydraulicHydraulic
•• UPS trucksUPS trucks

FlywheelFlywheel
•• Flybrid SystemsFlybrid Systems

PneumaticPneumatic
•• MDI Air CarMDI Air Car

Hydrogen (energy carrier)Hydrogen (energy carrier)
storage can be...storage can be...
•• Sodium borohydrideSodium borohydride
•• Compressed gasCompressed gas

(requires energy to compress)(requires energy to compress)
•• Liquid (must be preheated)Liquid (must be preheated)
•• Metal hydrideMetal hydride

ElectrostaticElectrostatic
•• ultracapacitors or supercapacitorsultracapacitors or supercapacitors



Escape 
Battery 
Module

Fusion 
Battery 
Module

High Voltage Traction BatteryHigh Voltage Traction Battery

17% Fewer 17% Fewer 

CellsCells

23%         23%         
LighterLighter

17%          17%          
Lower     Lower     

VoltageVoltage
20% More 

20% More 

Power P
er 

Power P
er 

CellCell

30% Volume
Saving

FordFord’’s Gen I to Gen IIs Gen I to Gen II



DC/DC ConverterDC/DC Converter

All new high efficiency converter via improved magnetics All new high efficiency converter via improved magnetics 
Increased output for increased customer featuresIncreased output for increased customer features
Higher switching frequency design for weight and size reductionHigher switching frequency design for weight and size reduction
Improved diagnostics and better load mgmt controls via HSImproved diagnostics and better load mgmt controls via HS--CANCAN

Volume:Volume:

Weight:Weight:

Output current: Output current: 

Gen IGen I Gen IIGen II

276.8276.8××175175××80 mm80 mm
4.7 kg4.7 kg

220220××205205××63 mm63 mm
2.7 kg2.7 kg

+14%+14%

--27%27%
--42%42%

84

86

88

90

92

0 20 40 60 80 100 120 140

Load [A]

Ef
fic

ie
nc

y 
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Why lithium?Why lithium?Why lithium?

““ThereThere’’s lithium, then hydrogen... then God.s lithium, then hydrogen... then God.””
-- an engineer who shall remain namelessan engineer who shall remain nameless

• abundant
• recyclable
• light weight
• high power
• higher voltage



Failure is the opportunity to begin again more intelligently.  -Henry FordFailure is the opportunity to begin again more intelligently.  -Henry Ford

HEV batteriesHEV batteriesHEV batteries
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Austen’s Lithium BatteryAustenAusten’’s Lithium Batterys Lithium Battery
V

PF6
−

PF6
−

PF6
−

PF6
−

Li+

Li+

Li+Li+

Positive electrode is full of Positive electrode is full of 
lithium at the end of dischargelithium at the end of discharge

Li+
e−

Li+
e−

Li+
e−

Li+
e−

Li+
e−

Li+
e−

Li+
e−

Li+
e−

Li+
e−

Li+
e−

PF6
−

Li+
PF6

−
Li+

PF6
−

Li+

PF6
−

Li+

PF6
−

Li+

Metal oxide                                Electrolyte          Metal oxide                                Electrolyte          CarbonCarbon

Li+
e−

By putting energy into the cell, lithium is By putting energy into the cell, lithium is 
forced out of the metal oxide (positive) and forced out of the metal oxide (positive) and 
into the carbon (negative).into the carbon (negative).

chargechargedisdis



The elusive fast-charge solved?The elusive fastThe elusive fast--charge solved?charge solved?



Even if we had a fast-charge PHEV...
• significant infrastructure changes
• new power plants
• larger gage copper
• larger charger

Even if we had a fastEven if we had a fast--charge PHEV...charge PHEV...
•• significant infrastructure changessignificant infrastructure changes
•• new power plantsnew power plants
•• larger gage copperlarger gage copper
•• larger chargerlarger charger



Electric Drive Electric Drive 
(up to 47 mph)(up to 47 mph)

Moderate Speeds and Moderate Speeds and 
LoadsLoads

““Power SplitPower Split”” System OperationSystem Operation



Advantages of Power Split Powertrain:Advantages of Power Split Powertrain:Advantages of Power Split Powertrain:

Smaller engine with “same” vehicle performanceSmaller engine with Smaller engine with ““samesame”” vehicle performancevehicle performance

More optimal engine operation More optimal engine operation More optimal engine operation 

Regenerative brakingRegenerative brakingRegenerative braking

Potentially better fuel economy and emissionsPotentially better fuel economy and emissionsPotentially better fuel economy and emissions

DisadvantagesDisadvantagesDisadvantages

Cost and weightCost and weightCost and weight

System complexity System complexity System complexity 



FORDFORD’’S BLENDED PHEV IS MORE ROBUST, FLEXIBLE, AND COSTS BLENDED PHEV IS MORE ROBUST, FLEXIBLE, AND COST--
EFFECTIVE THAN GMEFFECTIVE THAN GM’’S RANGE EXTENDED EV (VOLT)S RANGE EXTENDED EV (VOLT)
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Range Extended EV ArchitectureRange Extended EV Architecture

VoltVolt

Chevrolet VoltChevrolet Volt
•• Battery/Motor always engaged and engine only Battery/Motor always engaged and engine only 

recharges battery (does not drive wheels)recharges battery (does not drive wheels)
•• Battery/Motor must be sized for all vehicle Battery/Motor must be sized for all vehicle 

conditionsconditions
•• Weight est. 190 kgWeight est. 190 kg
•• 300 mile range maximum largely dependent on 300 mile range maximum largely dependent on 

temp and loadstemp and loads
•• Top speed raised to 100 mphTop speed raised to 100 mph
•• Overnight charge requires 240VOvernight charge requires 240V
•• BatteryBattery--only mode: 25 only mode: 25 –– 50 miles (reduced by 50 miles (reduced by 

high electric loads and cold/hot weather high electric loads and cold/hot weather 
operation)operation)

•• After 40 mile max. the engine must run After 40 mile max. the engine must run 
continuously to recharge the battery and avoid continuously to recharge the battery and avoid 
compromising performance.compromising performance.

Ford Escape PlugFord Escape Plug--In HybridIn Hybrid
•• Battery discharged under first 30 equivalent Battery discharged under first 30 equivalent 

electric miles then operates like regular HEVelectric miles then operates like regular HEV
•• Weight 130kgWeight 130kg
•• Battery/Motor sized to optimum efficiency in Battery/Motor sized to optimum efficiency in 

combination with the enginecombination with the engine
•• Provides 700+ mile rangeProvides 700+ mile range
•• Top electric speed of 62 mphTop electric speed of 62 mph
•• Recharges with 120 or 240V easily overnightRecharges with 120 or 240V easily overnight
•• 30 electric equivalent miles after each charge30 electric equivalent miles after each charge
•• Uses engine only at peak efficiencyUses engine only at peak efficiency



A A ““Power SplitPower Split”” PHEV SystemPHEV System

ELECTRICELECTRIC DRIVEDRIVE

BLENDED ELECTRIC/ENGINE DRIVEBLENDED ELECTRIC/ENGINE DRIVE

HYBRID DRIVEHYBRID DRIVE

At higher power demands and vehicle speeds, At higher power demands and vehicle speeds, 
the vehicle automatically switches to blended the vehicle automatically switches to blended 
electric/engine mode, providing propulsion electric/engine mode, providing propulsion 
using both the engine and the highusing both the engine and the high--capacity capacity 
batterybattery

At urban speeds, the highAt urban speeds, the high--capacity plugcapacity plug--in in 
hybrid battery allows for extended batteryhybrid battery allows for extended battery--only only 
driving distancedriving distance

In hybrid drive mode, the vehicle continues to In hybrid drive mode, the vehicle continues to 
operate as a standard hybrid electric vehicleoperate as a standard hybrid electric vehicle



Flybrid SystemsFlybrid SystemsFlybrid Systems

•• AA flywheel made of steel and carbon fibre which rotates at flywheel made of steel and carbon fibre which rotates at 
over 60,000 RPM inside an evacuated chamber over 60,000 RPM inside an evacuated chamber 

•• The flywheel casing features containment to avoid the The flywheel casing features containment to avoid the 
escape of any debris in the unlikely event of a flywheel escape of any debris in the unlikely event of a flywheel 
failure failure 

•• The flywheel is connected to the transmission of the car on The flywheel is connected to the transmission of the car on 
the output side of the gearboxthe output side of the gearbox via several fixed ratios, a via several fixed ratios, a 
clutch and theclutch and the CVT CVT 

•• 60 kW power transmission in either storage or recovery 60 kW power transmission in either storage or recovery 
•• 400 kJ of usable storage (after accounting for internal 400 kJ of usable storage (after accounting for internal 

losses) losses) 
•• A total system weight of 24 kg A total system weight of 24 kg 
•• A total packaging volume of 13 litresA total packaging volume of 13 litres

http://flybridsystems.com/http://flybridsystems.com/



Motor Development International (Air Car)Motor Development International (Air Car)Motor Development International (Air Car)

www.mdi.lu/english/



Wind-powered 'Ventomobile' Places First in Race
ScienceDaily (Aug. 28, 2008) — The solely wind-driven Ventomobile constructed by the 
InVentus team, a team of some 20 Stuttgart University students of Aerospace 
Engineering, came in first at the "Aeolus Race" in the Dutch town of Den Helder last 
Friday.

VentomobileVentomobileVentomobile



Personal responsibility... it works!Personal responsibility... it works!Personal responsibility... it works!

www.fuelacademy.com/

2008 Guinness 
Book Round 
Australia 
Fuel 
Economy 
Overall 
Record

Peugeot 
308 HDi 
Diesel

Averaged 90.75 miles 
per gallon, 3.13 
L/100 km’s, covering 
14,580 km’s round 
the coastal road 
route of Australia

new MIT study confirms thisnew MIT study confirms this
velocity matters less than accelerationvelocity matters less than acceleration




