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Advanced Vehicle Technologies 

Battery Electric 
Vehicles 

Range Extended 
Electric Vehicles 

Plug-in Hybrids 

Fuel Cell Vehicles 
Fuel Economy 
Improvements 

Idle Reduction 

Hydrogen Internal 
Combustion Engine

Other technologies aƻǊŜΧΦ
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Technology Adoption Roadmap

Source: National Renewable Energy Laboratory
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Drivetrain Electrification Options

Source: Roland Berger Strategy Consultants
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Battery Electric Vehicle Technology

Å .9±Ωǎ ǳǎŜ ŎƘŜƳƛŎŀƭ ŜƴŜǊƎȅ ǎǘƻǊŜŘ ƛƴ ǊŜŎƘŀǊƎŜŀōƭŜ 
battery packs

Å Uses electric motors and controllers instead of internal 
combustion engines for propulsion  

Å Commonly used rechargeable batteries are 

ï Nickel metal hydride (NiMH)

ï Lithium ion (Li-ion)

ï Sodium Nickel Chloride (Zebra)

Å The battery pack is recharged by connecting or 
άǇƭǳƎƎƛƴƎέ ƛǘ ƛƴǘƻ ŀ ǿŀƭƭ ǎƻŎƪŜǘ ƻǊ ƻǘƘŜǊ ŜƭŜŎǘǊƛŎŀƭ ǎƻǳǊŎŜ

THINK City 
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Battery Electric Vehicle Technology

Benefits 

Å Energy Efficient. Electric motors convert 75% of the chemical energy from the batteries 

to power the wheels- ICEs only convert 20% of the energy stored in gasoline 

Å Environmentally Friendly. 9Ƴƛǘǎ ƴƻ ǘŀƛƭǇƛǇŜ ŜƳƛǎǎƛƻƴǎ όŘƻŜǎƴΩǘ ƘŀǾŜ ŀ ǘŀƛƭǇƛǇŜΗύ

Å Provides a quiet, smooth operation and stronger acceleration and requires less 

maintenance than ICEs

Å Helps reduce energy dependency. Electricity is a domestic energy source 

Telsa Roadster Nissan Leaf THINK City 
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Battery Electric Vehicle Technology
twhΩ{
Å bƻ ǘŀƛƭǇƛǇŜ ŜƳƛǎǎƛƻƴǎ όƛǘǎ ŘƻŜǎƴΩǘ ƘŀǾŜ ŀ 

tailpipe!)
Å Operating cost is less than conventional 

vehicles
Å Batteries can be recharged
Å Reduces toxic materials sent to landfills
Å Cost pennies to charge vs. dollars at the 

gas pump 
Å Offers a quiet, smooth, and high-

performance driving experience 
Å Faster acceleration 
Å Eligible for purchase incentives

/hbΩ{
Å .9±Ωǎ ƛƴƛǘƛŀƭ Ŏƻǎǘ ƛǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƳƻǊŜ ǘƘŀƴ 

gasoline vehicles
Å Lack of efficient recharging infrastructure
Å High battery cost: Large battery packs are 

expensive
Å Driving range: Range limitations  of 50-100 

miles per charge depending on battery 
type and driving conditions 

Å Recharge time: Fully recharging the battery 
pack can take 4 to 8 hours

Å Battery safety is a concern

Mitsubishi MiEV Nissan Leaf
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Range Extended Electric Vehicle Technology

Å A  plug-in hybrid with a small internal combustion engine or other secondary source 
connected to a generator to recharge the batteries and allow for extended distance 
driving

Å The onboard generator is present only to recharge the batteries ςi.e. does not drive the 
vehicles

Å ¢ƘŜ  ƻƴōƻŀǊŘ ƎŜƴŜǊŀǘƻǊ ƪƛŎƪǎ hb ǿƘŜƴ ōŀǘǘŜǊȅ ŎƘŀǊƎŜ ŘŜǇƭŜǘŜǎ ŀƴŘ άŜȄǘŜƴŘ ǘƘŜ ǊŀƴƎŜέ 
of the electric vehicle.

Å The onboard generator can be anything that produces power: gasoline engine, diesel, 
ethanol, or even a hydrogen fuel cell
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Range Extended Electric Vehicles

twhΩ{
Å Efficiency of an electric drive-train

Å Zero emission operation for the most 
part (~40 miles)

Å Long driving range possible

Å Does not depend on recharging 
infrastructure

/hbΩ{
Å Are not considered true zero emissions 

vehicles (except for fuel cells)

Å Battery safety is a concern

Å Complex engineering integration of the 
software and hardware required to 
make things run smoothly 

Chevy Volt Fisker Karma 
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Plug-Lƴ IȅōǊƛŘ ¢ŜŎƘƴƻƭƻƎȅ όtI9±Ωǎύ
Å Combines the propulsion capabilities of traditional 

combustion engine with an electric motor

Å Can be charged with electricity and run under engine power 

like traditional hybrid electric vehicles

Å PHEVs are powered by two energy sources 

ï An energy conversion unit (such as an internal 

combustion engine or fuel cell) and 

ï A motor driven by an energy storage device (usually 

batteries)

Å Energy conversion unit can be powered by gasoline, diesel, 

compressed natural gas, hydrogen, or other fuels

Å Batteries are charged by plugging into a standard 110-volt 

electrical outlet 

Å Ability to be charged by the energy conversion unit when 

needed 

Å tI9±Ωǎ ƘŀǾŜ ƭŀǊƎŜǊ ōŀǘǘŜǊȅ ǇŀŎƪǎ ǘƘŀƴ ŎƻƴǾŜƴǘƛƻƴŀƭ ƘȅōǊƛŘ

Å 5ǳǊƛƴƎ Řŀƛƭȅ ŘǊƛǾƛƴƎΣ Ƴƻǎǘ ƻŦ ŀ tI9±Ωǎ ǇƻǿŜǊ ŎƻƳŜǎ ŦǊƻƳ ǘƘŜ 

stored electricity 

Å The engine kicks on when longer trips are required 
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Plug-Lƴ IȅōǊƛŘ ¢ŜŎƘƴƻƭƻƎȅ όtI9±Ωǎύ

Benefits 

Å Cuts fuel use and cost while maintaining performance 

ï Electricity costs less than gasoline or diesel fuel

Å Offers flexible fueling options 

Å Highly efficient-requiring little petroleum-based fuel to 
drive

Å Combustion engine works as a back up when the batteries 
are depleted

Å Uses no fossil fuel during the all-electric range

Å Produces lower greenhouse gas emissions 

Å Fewer fill-ups

Å Convenience of home recharging  
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Plug-Lƴ IȅōǊƛŘ ¢ŜŎƘƴƻƭƻƎȅ όtI9±Ωǎύ

twhΩ{
Å Ability to plug into a standard 110-volt 

electric outlet  (capability conventional 
ƘȅōǊƛŘ ǾŜƘƛŎƭŜǎ ŘƻƴΩǘ ƘŀǾŜύ

Å 9ƭƛƳƛƴŀǘŜǎ άǊŀƴƎŜ ŀƴȄƛŜǘȅέ ŀǎǎƻŎƛŀǘŜŘ 
with all electric vehicles 

Å Qualifies for purchase incentives

/hbΩ{
Å Not considered as Zero Emission vehicle

Å Additional cost, weight and size of the 
battery pack

Å Still dependent on fossil fuels
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Fuel Cell Vehicle Technology

Å Uses a completely different 
propulsion system than 
conventional vehicles

Å The fuel cell stack combines the 
Hydrogen gas stored onboard 
with oxygen from the air to 
produce electricity that drives 
the electric motor

Å Batteries are also used to store 
regenerated energy from braking

Å Needs refueling infrastructure

Honda FCX Clarity
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Fuel Cell Vehicle Technology

Å Energy efficient ςup to 3 times more energy 
efficient than gas engines

Å Quick recharging capabilities

Å Driving range comparable to conventional vehicles

Å Produces no harmful exhaust emissions

Å Combustion leads to byproducts ςWater vapor ς
that does not damage the environment

Å Qualifies for alternative fuel vehicle tax credit 

Å Simplicity of design, with no moving parts, offers 
the benefits of quiet operation and reliability

Å Hydrogen can be produced a number of ways 
domestically, relieving the stress of overseas 
petrochemical dependence

Benefits

Honda FCX Clarity
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Fuel Cell Vehicle Technology

twhΩ{
Å Emission byproducts are environmental 

friendly (water vapor)
Å Range comparable to conventional 

vehicles
Å Qualifies for alternative fuel vehicle tax 

credit 
Å Generates electrical power quietly and 

efficiently, without pollution

/hbΩ{
Å Component pieces of a fuel cell are 

costly
Å Durability issues 
Å Fuel cells need to operate in sub-zero 

temperatures, low humidity 
environments and high operating 
temperatures

Å Need to develop refueling 
infrastructure

Å Safety concerns with hydrogen tank 
onboard
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Hydrogen Internal Combustion Engine

Å An alternative fuel vehicle that uses hydrogen 
fuel for motive power

Å An internal combustion engine is modified to 
use Hydrogen as fuel

Å Sometimes considered as an interim 
technology that will bridge the gap between 
today's gasoline-powered internal combustion 
engine (ICE) vehicles and fuel cell vehicles

Å Vehicle uses a tank to store hydrogen that 
needs to be refueled externally

Ford Model U Hydrogen ICE Concept

Ford Hydrogen Powered Shuttle Bus


