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Abbreviations
EV- Electric Vehicle
HEV- Hybrid Electric Vehicle
PHEV- Plug-in Hybrid Electric Vehicle
ZEV- Zero Emission Vehicle
ICE- Internal Combustion Engine
CV- Conventional Vehicle

An example of a hybrid electric vehicle with parts labeled

Advantages
•Reduces carbon emissions
•Decreases dependence on 
imported oil
•Fewer parts; easier to maintain
•Regenerative braking reduces 
need for fossil fuel (HEV, PHEV)
•Advances power electronics 
•Reduces noise pollution

Challenges
•Limited driving range
•Long charging time
•High cost of battery
•Immature infrastructure

HEV Sales by ManufacturerTimeline

Electric Charging Station 
Locations by State

Fuel Economy Comparisons Across Vehicles

1834: The first 
EV is invented

1834 1900 2000

1912: 34,000 EVs are 
registered and they 
outnumber gas-powered 
vehicles 2-to-1

2008: Tesla motors 
produces the Tesla 
Roadster, which is 
the first vehicle to 
use a Lithium-ion 
battery and the first 
BEV to travel more 
than 200 miles on a 
single charge

2009: The Corporate 
Average Fuel Economy 
standard  (CAFÉ) sets the 
average fuel economy to 
be 35 MPG by 2020

1976: Congress enacts the 
Electric and Hybrid Vehicle 
Research, Development and 
Demonstration Act of 1976

1920s: EVs 
disappear and ICE 
vehicles become 
predominant

1973: Arab oil 
embargo 
increases 
demands for 
alternative 
energy sources

1990:California Air 
Resources Board (CARB) 
mandates that 2% of 
vehicles should be ZEV 
by 1998, 5% by 2001, and 
10% by 2003.  (Later 
relaxed because of 
infeasibility) 

2009: The US 
President 
provides $2.4 
billion for PHEV 
development 
and establishes a 
goal of having 1 
million PHEV on 
the road by 2015

1993: The 
Partnership for 
Next Generation 
Vehicles (PNGV)  is 
established 
between federal 
laboratories and 
automotive 
industries

Infrastructure
A comprehensive foundation is 
necessary for EVs to become more 
widespread.  This includes, but is not 
limited to: charging stations, 
standardization of equipment and 
safety issues, reliable support, and 
increased renewable energy 
generation.

Life Cycle GHG Emissions 

Energy Consumption, Efficiency, 
and Emissions for Passenger Cars 

Using GREET

Pollution Reduction
One of the attractive characteristics of the EV is reduced 
pollution emissions. When looking at the tailpipe of an EV this is 
certainly true, but  if the electricity used for propulsion is coming 
from burning of fossil fuels, the pollution source is simply being 
relocated along the production line.

Well-to-wheel (WTW) analysis incorporates efficiency on a 
holistic level– from fuel extraction in the wells to the energy 
needed to move the wheels, and every step along the way. 
WTW can be broken up in two sections for a closer analysis–
well-to-tank (WTT) and tank-to-well (TTW).  These can then be 
compared across vehicles using the GREET model, which stands 
for greenhouse gases, regulated emissions, and energy use in 
transportation.

Batteries
One of the challenges with EVs is that 
today’s battery technology (the energy 
source in EVs) has a low energy density 
compared to liquid fuels such as gasoline 
or diesel. Therefore, the batteries in EVs 
are rather large and contribute to the 
high capital cost.

Newer lithium-ion (Li-ion) batteries have 
a higher energy density than previous 
batteries such as nickel metal hydride 
(NiMH) or lead acid, but is still much 
lower than liquid fuel.

CV HEV PHEV EV

Propulsion System ICE ICE + Electric Motor ICE + Electric Motor Electric Motor

Fuel Liquid fuel Liquid fuel Liquid fuel, Electricity Electricity

Battery Lead Acid NiMH Li-ion Li-ion

2011 Primary 
Energy 

Consumption 
by End-Use 

Sector

*PHEVs with all-electric ranges of 30, 60, or 90km

* * *
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For more:
U.S. DOE Alternative Fuels Data 
Center
http://www.afdc.energy.gov/

U.S. DOE Vehicle Technologies 
Program
http://www1.eere.energy.gov/ve
hiclesandfuels/index.html
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