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Living the dream

Personal Background

A BSME from BYU (Provo), 2001

A Numerous internships before and
during undergraduate program

A Ford Motor Company 2001 i 2007
I Powertrain Product Development

CTrd i

A ldaho National Laboratory 2007 i
present

I Energy Storage and
Transportation Systems
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ldaho National Laboratory

Eastern Idaho based U.S. Department of Energy (DOE) _
Federal laboratory

890 square mile site with 3,600 staff
Support DOEOGs strategic gz

I Increase U.S. energy security and reduce the
nati onos dependence on fo

Multi-program DOE laboratory
I Nuclear Energy

I Fossil, Biomass, Wind, Geothermal and
Hydropower Energy

I Advanced Vehicles and Battery Development
I Energy Critical Infrastructure Protection
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Advanced Vehicle Testing Activity (AVTA)

Part of the U.S. Depart ment of Ene
Program

INL and ECOtality N.A. conductt h e AV T AdatgveHicle gesting,
with Argonne National Laboratory performing dynamometer testing

AVTA Goals

Determine actual petroleum displacement and overall operating cost
of advanced technology vehicles through testing and real-world
demonstrations

Provide benchmark data to industry and government research and
development programs

Assist fleet managers and consumers in making informed vehicle
purchase and operating decisions



AVTA Testing by Technology

A

I 12 models, 259 vehicles, 1.5 million test

I 18 models, 47 vehicles, 5 million test

I 40 EV models, 5+ million test miles

I 26 models, 1.2 million test miles

I 7 models, 500,000 test miles
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Plug-in hybrid electric vehicles (PHEV)

miles
Hybrid electric vehicles (HEV)

miles
Full-size battery electric vehicles (BEVS)

Neighborhood & Urban electric vehicles juf

Hydrogen internal combustion
engine vehicles
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The EV Project 2

A'INL is a principle participant with ECOtality N.A. in largest
electric vehicle / charging infrastructure demonstration
ever undertaken

A 5,700 Nissan Leaf BEVs
A 2,600 Chevrolet Volt EREVS
A >14,000 Level Il EVSE charging units
A >300 DC fast chargers
A 7 market areas in:
I Oregon, Washington, California,
I Arizona, Tennessee, D.C.

Charging Infastructure Locations

A > 40 project partners, including electric utilities

www.theevproject.com

Project Supporter

GER, U.S. DEPARTMENT OF . . i’ \\
©ENERGY G Dulivy
B, NORTH AMERICA ' ;

Idaho National Laboratory
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Electrified Vehicles as a Solution to OIl
Dependency

Areas of concern

A Energy security
I Insufficient domestic supply of easily obtainable oil forces us to rely
on imports

A Global climate change
I Tailpipe and smoke stack CO, emissions

A Economic stability
I Unbalanced supply and demand affect all levels of the economy
(global, national, personal)
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Electrified Vehicles as a Solution to OIl
Dependency

Advantages of Plug-in Electric Vehicles
A Displace petroleum consumption with electricity

A Provide alternatives
I Use domestically generated electricity from a variety of sources

I Use existing infrastructure

I Leverage nuclear and renewable energy sources (wind, solar,
hydro, geothermal)
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Electrified Vehicles as a Solution to OIl
Dependency

Challenges with Plug-in Electric Vehicles
A Current technology limitations (batteries!)

A Some infrastructure required
I Charging stations (short term)
I Communication between vehicles and electric grid (mid-term)
I Additional electricity generation/transmission/distribution (long-
term)
A Consumer market acceptance
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Electrified Vehicle Powertrain Architectures

4 Battery A
Battery Options Electric
AEnergy Capacity E%g,\ ‘Extended Vehicle
APeak Power §iese" Range (BEV)
AChemistry aso\‘\ﬂe’ (Blended Electric
Avoltage ' ?\,e\ \ Plug-in Vehicle
Voot Hybrid (Fr Q)
C Full W (PHEV) ~ \ afie SN Mini e
: b
4 Mild Hyb ('/SI a\ed 0 Ag ;:)Ztil >
g Hyb fid (H E d ervice LLVs
Conventional (HEV) e(\\.w
vehicle o k ueier uction
S GOSY e e |
wu Chevrolet Volt
Ford Escape (2011)
GM 2 Mode SUV Fisker Karma
Hyundai Sonata . (@22
(2012) Productlo_n
Infiniti G Toyota Prius
Honda Civic (2012) I(ZZO%ZT)BD (2012)
_ Honda Insight / \ / \ / \ /

Dates given are announced target years for start of production
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Underlying Physics Principles

A Conservation of energy i it has to come from somewhere
A How much energy does it take to get from point A to point B?

I:Aero

Driveline

Find the power (P) required to maintain a speedofV *Assume Rotational Inertias are negligible

FTractive: ma = nmdv |:Tractive: ma + FAero + FRR+ I:Tire)

%
v * =ma Fa + Frr * Frire= Fresistance
P= I:TractiveV = mE v "

F,=F,+F;, . CF;=- Fresistance CV2 + BV + A

F

inertia
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Comparison of Energy Density of Fuels

A Onboard energy storage is the constraint
IrTtos all about the batteries

Insert plot oflWh/kg vs.Wh/L for various fuels
and battery chemistries here
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Comparison of Vehicle Technology

Conventional vehicle with internal combustion
engine (ICE) only

Gas Tank
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Comparison of Vehicle Technology

A Hybrid Electric Vehicle (HEV) with ICE and electric drive
A Does not plug in to electric grid

Electric
Motor

Gas Tank

Smaller
Engine

HEV Battery
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Comparison of Vehicle Technology
A Plug-in Hybrid Electric Vehicle (PHEV) with ICE and electric drive
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