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Subject: Docket number 10-ALT-1, 2011-2012 Investment Plan Advisory Committee

The Draft of the 2011-2012 Investment Plan does not contain funding opportunities for the
development of PHEV/EV Light duty trucks or any deployment incentives for such vehicles.
Quantum Technologies believes that the CEC is missing out on a very effective opportunity to
reduce GHG emissions and general fuel consumption on a wide scale range and we feel that the
CEC needs to consider this item in the 2011-2012 investment plan.
Quantum Technologies requests that the budget plan considers such funding opportunities and/or
deployment incentives for following reasons:

1.) Vehicles in this class represent the most sold vehicles in the US but there are no
PHEV/EV light duty trucks currently available. Development funding for this segment
would create significant value to the dollars spent.

Top selling light vehicles 2011

May
1 Ford F series 42,399

Chevrolet
Silverado

28,409
3 Chevrolet Malibu 25,600

4 Nissan Altima 25,525

5 Ford Fusion 24,666

6 Ford Escape 23,140

7 Hyundai Sonata 22,754

8 Chevrolet Cruze 22,711

9 Ford Focus 22,303

10 Ram 20,117

Source: Automotive News

Ford F series

5 mos.

214,461

Chevrolet Silverado 150,206

Toyota Camry

Honda Accord

Toyota
Corolla/Matrix

Nissan Altima
Ford Fusion
Honda Civic
Ford Escape

Chevrolet Malibu

126,094

120,039

117.875

112,308

110,878

110,086

100,333

99,046

} Top 2 vehicles sold are Light Duty trucks
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2.) Consumers cannot buy PHEV/EV light duty trucks due to lack of availability. The
OEM'’s are not offering such vehicles due to a current lack of sales volume for such
vehicles. The assembly lines of such vehicles are targeted towards much larger volume.
Development funding for such vehicles combined with deployment incentives would
support a much larger proliferation of PHEV/EV light duty trucks much earlier and has
an additional convincing effect on the OEM.

3.) This vehicle class has a profound effect on GHG emissions. Current Quantum in-house
analysis and testing is putting the reduction effect on GHG emissions between 3 to 5 fold
over conventional light duty trucks for most of the PHEV applications.

Typical daily
driving profile
oflight duty
vehicles

Typical light
duty fuel
economy (15-

\4--_ 18 mpg)
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Data: Quantum Analysis & Testing, EPA combined
Typical Daily Profile: Electrification Coalition
Light Duty Fuel economy for ICE: Based on EPA combined, Quantum testing

4.) Fleet operators are very interested in such vehicles due to their economic benefits for
significantly less fuel consumption combined with less maintenance cost. Most of the
fleets have some kind of corporate mandate to reduce GHG emissions. The initial price
point is the deterring factor against a purchase. To lower the initial price point would help
the most to support proliferation. Development funding would aid in the reduction of the
initial purchase price and would aid towards larger production volumes which will reduce
the price point even further in the future.

In summary, Quantum Technologies is asking the CEC to consider development funding and
deployment incentives for PHEV/EV light duty trucks in the 2011-2012 CEC investment plan.
The availability of such vehicles will have a major effect on GHG emissions in California. Most
fleets would replace their current light duty trucks with PHEV/EV light duty trucks in support of
GHG reductions and at the same time be more economically efficient.
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For questions and/or more details on the PHEV/EV light duty truck opportunity please contact:

Volker Amelung

Managing Director, Business Development
Quantum Technologies Inc.

25242 Arctic Ocean Drive

Lake Forest, CA 92630

Tel: 949 930 3481

Cell: 949 633 2026
e-mail: vamelung @ qtww.com

\Jﬁxﬂ [

Volker Amelung?Lake Fore&t\§2/ 11

Attachments:
1.) Quantum letter to CEC from Dec. 9, 2010 explaining 2 PHEV/EV programs Quantum is
working on.
2.) Copy of Electrification Roadmap Fleets
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To:

California Energy Commission
Dockets Office, MS-4

Re: Docket No. 10-ALT-1
1516 Ninth Street
Sacramento, CA 95814-5512

Subject: Docket No. 10-ALT-1, 2011-2012 Investment Plan

Quantum Technologies requests the CEC to consider 2 programs to the CEC 2011-2012
Investment Plan.

Program No. 1: Support the engineering, manufacturing and production of a Range
Extended Electric Light Duty Truck based on the Ford F-150 (Quantum
PHEV F-150)

Program No.2: Institute a Pilot Project for the manufacturing and production of an

Electric Driven USPS Long Life Vehicle (LLV)

Program No.1: Range Extended Electric Light Duty Truck (Quantum PHEV F-150)

There are currently 4.5 Million Class 1&2 Light duty trucks® in Fleet operations nationwide.
Based on typical user driving durations of 10 years in Government Fleets and 7 years in Private
Fleets?, the replacement requirements of those vehicles exceed 550,000 vehicles each year.
Even with a moderate penetration of 1% of new vehicles being PHEV/EV vehicles in 2012 that
would present a total of 5,500 Class 1 & 2 PHEV/EV trucks. Estimating that in the years to follow
the penetration will rise significantly, the numbers could reach more than 20,000 PHEV/EV
Class 1 & 2 trucks every year. As an example, even a still moderate 5% penetration of PHEV/EV
trucks in Fleet usage in 2020 is totaling up to 27,500 Class 1 & 2 trucks driving either fully
electrical or range extended electrical.

In addition, the driving profiles of Class 1&2 trucks in Fleet operations strongly support the
usage of electric drive vehicles. Average driven miles per day in Light Government is 22 miles
and 75 miles in private fleets”.

1 Fleet Electrification Roadmap, Nov 2010, Electrification Coalition: Class 1 trucks up to 6000 Ibs GVWR, Class 2 trucks from 6,001 to
10,0001bs GVWR

2 Fleet Electrification Roadmap, Nov 2010, Electrification Coalition

3 Fleet Electrification Roadmap, Nov 2010, Electrification Coalition
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Fleet vehicles are, from a charging infrastructure point of view, so called A to A vehicles due to
their central charging profile. No external charging infrastructure would be required.

There is currently no PHEV/EV light duty truck available which meets the Fleet Operators
specifications. For the OEM the yearly production numbers are still too low and for many
Upfitters the vehicle add-on price is still too high for Fleet operators to accept.

The Ford F-150 is a Class 2 truck and represents the one light duty truck which sticks out the
most:

- Most Fleets operate the F-150 due to its work profile (rugged workhorse)

- The most sold vehicle in the US exceeding 600,000 vehicles every year

Based on the proliferation of the F-150 it is estimated that conservatively 25% of the total
volume of the 5,500 annual PHEV/EV Class 1&2 trucks is represented by the PHEV/EV F-150.
Being able to provide a technical solution using already in production power electronics,
Quantum is working on a Range Extended Electric F-150 truck with 35+ miles all electric range
and 400 miles hybrid range using its F-Drive Technology.

For this project Quantum is seeking matching funds to design, engineer and manufacture up to
5,500 PHEV based on the Ford F-150 within the next 3 years to enable Fleet operators to add a
light duty truck to their fuel efficient fleets.

This 3-year period will establish and demonstrate the market for this vehicle. After that time
frame the volume will be high enough for the OEM to fully engage which will bring the per
vehicle cost down even further.

The total amount of funds required is $6.8 Million including all engineering and the set up of
the manufacturing facility. Quantum is seeking a 50% share of matching funds to aid in the
execution of this program.

The manufacturing facility would be at Quantum Technologies in Lake Forest, CA.
Start of Production is targeted for the First Quarter of 2012 with Pre-production vehicles being
available for Fleet usage in the second half of 2011.

Current projections add 85 new employees to Quantum’s production facility which in turn
would create additional 260 — 750 indirect and induced new employment opportunities for
California®.

The fuel efficiency of the F-150 PHEV will be at 70 mpg for all travel up to 65 mile per day which
will reduce the CO, emission to 75 g/km (see chart 1).

4 Based on RIMS Il from the Bureau of Economic Analysis
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2009 Fuel Economy and CO2 Emissions

Chart 1
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Ford F-150 SFE 2WD
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Dodge Ram 1500 2WD
FFV
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Competitive Vehicles

The Fleet customer is purchasing the base F-150 and Quantum Technologies will be converting
the F-150 into the Quantum PHEV F-150 at its Lake Forest facilities. From there the finished
vehicle will be shipped to the Fleet customer’s destination.

Current Fleet demand drives the Range extended Electric version of the F-150, but some Fleets
already show interest in an electric only version. The PHEV provides the platform for an easy
evolution to an electric only F-150.

The current HVIP program covers vehicles higher than 8500 Ibs GVWR.
Quantum is requesting an exception for Fleet users only to extend the weight limit down to
6,700 Ibs GVWR to match up with the Quantum PHEV F-150.

Program No. 2: Electric conversion of the USPS LLV

Quantum Technologies is among 4 other companies currently engaged in an USPS project to
prove the performance of an Electric Drive Vehicle for the US Post office.

The vehicle chosen from the USPS was the Grumman Long Life Vehicle (LLV) due to its daily
drive cycle of about 25 miles. This is a perfect application for an EV.

Quantum is applying its all-electric
QuietDrive ™ System to the vehicle
as a full replacement of the current ICE.

There are about 142,000 LLV’s in operation
today.

The Grumann Log Life Vehicle
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To convert all 142,000 LLV’s into EV within the next ten years a total of 2,600 jobs could
be created directly, indirectly and induced®.

Furthermore, the conversion of the total LLV Fleet would save over 9,000 tons of NOx, over 7
Million tons of CO, and over 13 million barrels of oil in 10 years of operation.

Quantum Technologies proposes a pilot program to convert 100 LLV’s in California into EV’s
using the QuantumQuitDrive™ and deploy the vehicles at 2-5 Post office demonstration sites.
The conversion of the 100 vehicles would cost $35,000 each to total of $3.5 Million.

This pilot program would prove out the EV’s in actual mail delivery schedules, proves out the
charging infrastructure and the grid effect, and verifies the production and labor requirements.

At the same time the pilot project aids in the effort to bring the whole conversion project to
California to take full advantage of the job creation.

For the execution of this pilot project Quantum Technologies is looking for 2 partners which
contribute 1/3 each of the total cost of $3.5 Million the pilot project.

Contact:

Quantum Technologies

Volker Amelung

Managing Director Business Development
Tel: 949 930 3481

Cell: 949 633 2026

Email: vamelung@gtww.com

5 Using RIMS 11 from the Bureau of Economic Analysis
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The Electrification Coalition is dedicated to reducing America's
dependence on oil through the electrification of transportation. Our
primary mission is to promote government action to facilitate deployment

of electric viehicles on a mass scale. The Coalition serves as a dedicated

rallying point for an array ol eleetrification allies and works to disseminate

informed, detailed policy research and analysis
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LETTER FROM THE ELECTRIFICATION COALITION

In November 20009, the Electrification Coalition released
the Electrification Roadmap, a comprehensive policy
framework analyzing the state of the electric drive vehicle
industry and the barriers to achieving higher rates of

pencetration in America’s light-duty vehicle fleel. The goal

of the Roadmap was ambitious: to transform the U.S, light-
duty ground transportation system from one that is oil-dependent to one
powered almost enlirely by electricity, enhancing U.S. economic prosperity
and safeguarding national security. The report proposed an ambitious
federal initiative to establish ‘electrification ecosvstems' in a number of
American cities. Electrification ecosystems—or deployment communitios—
were designed to move grid-enabled electric vehicles (GIEVE) past early

adopters and into mainstream consumer markets.

The Elecirification Roadmap envisioned a competitive selection process
managed by the Department of Encrgy (DOE). To compete, applicant
cities and communities would need to demonstrate that they had made
significant progress toward establishing the regulatory environment

in which grid-enabled vehicles would thrive. The most competitive
applications would demonstrate the support of a broad range of public
and private stakeholders, including utilities, utility regulators, large local
emplovers, vehicle and charger OEMS, and state and local governments.
The winning communities would be eligible for largeled, amplified, and
temporary subsidies for consumers, infrastructure providers, and utilities.

The program was proposed to advance in two phases and expire in 2018.



Deplovment communities were designed ta build eriti-
cal momentum in the cost and Jearning curves that oth-
erwise are likely to slow the carly advimeement ol the
GEV market. Without such an approach, eleciric vehicles
and plug-in hybrid electric vehicles are likely to be rel-
egated to niche status for many vears, purchased only
by environmentalists and technological enthusiasts, in
numbers far too small to meaningfully enhance national
or economic security. In April 2010, the DOF updated its
energy-related scenarios (o retleel the expecied impact
of the American Recovery

both at hame and in public. The Electrification Roadmup
also outlined potentially zero-enst programs te support
development of i seeondary battery market. allowing the
lirst GEV conswiners Lo feel eonfident that psed Farge-

farmat lithium-ion batteries would have resale value.
Finally. the Flectrification Hoadmap wlentified the
areas in winch unililies wounld necd support and ficabil-
ity to manage the infegrafion of GEVs into the electne
power grid, Deployment ¢ ies were designed to
target those regions in which time-of-use pricing and
ather regulatory support was

and  Relnvestment Aet on
the entive energy economy.
Despite specific GEV-related
subsidies includod in the Jeg-
islathm, DOE estimates that
P 2005, there will be only
51 million EVs and PHEVS
on the road ont of nearly 200
million light-duty vehicles in
the United States, ropresent-
ing less than 1.7 percent of
the total vehicle pare.

These numbers are Far lower than what is possible

within the appropriate policy framework. They aro alsn
Tar loss than whal s urgently necessary to radically
transform the transportation sector of the ceonamy Lo
enhance national and ccomoiic seenrity. Theretore, the
Electrification Nowdimuap established as a goa) the deploy
ment of 14 million grid-enabled light-duty vehicles in
the United States by 2020 and more than 120 million
by 2020, a far mora ambitious and transformative tar-
get. Ultimately, the Electrification Roadmap targeted
substantial shift in transportation energy use, such thut
75 percent of light=duty velicle miles traveled would be
electric miles by 2040 (today. 94 percent of the delivered
energy that powers the TS trunsportation system is

petrolenm-hased).

The <trong. largeted consumer jncentives envi-
sioned by the Electrification Rogdmap were designed
to drive ecoomies of seale in the electric drive battery
indnstry. thereby reducing costs. But subsidies could
not represent a erodible stand-alone policy. Strong
support for infrastracture providers was also included
to reduce the marginal cost of installing early charging
units at home and i public, sltowing entroprencurs (o
experiment with husiness models and providing poten-
tial GRV customers with confidence that they would be
able to seliably and conveniently refuel their vehicles

targeted a substantiol shift in

available to incentivize con-

The Flectrification Roadmeap  sumers 0 chargo batteries

during off-peak honrs. Tax
credits for utility upgrades

(ransportation energy tse, sl were proposed, and mility

regulators were eneouraged

that 75 percent of light duty 1 gitow utilities to include
velticle miles traveled would he  certain physical and 1T

upgrades to the distribution

electric miles by 20440).  network in their rate base

This network of mutu-
ally reinfarcing palicies was designed to sxpand the cus-
tomer base for grid-enabled vehicles in an aceclerated.
but carefully planned, manner. The Increased cconomics
of seale, learning by doing. and demonstration value of
the deployment communily approasch wonld benent
pragmatic comsumers the indnstry participants, and the
nation as whole

Expanding the Market for GEVs: Fleel Vehicles
The Electrifiction Roadmap fooused on the light-duty
vehicle parc hecouse it is the single largest homogonous
component of the transportation gectar, with 230 mil-
flion vehicles alone accounting for 40 percent of T8,
daily oil demand. Addressing the energy mix in this seg-
ment will ullimately be critical for improving national
and cconomic seeurity. Yel, the higlway transportation
system and the transportation cconomy are multifac-
eted and diverse. and il is possible that other sedments
besides light-duty pussenger vehicles in the consnmer
murket could be stromy candidales for eleetrification and!
electric drive technolegy. Those segments may relate to
the operational and economic challenges and benefits of
electrifeation diiferenity. and sotulions Lo the tochnieal
and cost harriers to adoption might be mere fortheoming.
1 particular, the pation’s fleet vehicles stand oul as
ics that could make them

possessing unigue character

clear beneficiaries of electric drive technology. With

more than 16.2 million vehicles in nperation in 2000 the
nation’s fleets likely possess enongh capacity to drive
initial ramp-up scale in the battery industry and OEM
supply chains. More important, the operational notis
of certan dleet segments may allow them to mapldly sur-
mount the most diflicntt challenges Gcing electrification
inthe passenger markel, Porhaps most sigmificant by, fleet
owners may be more willing than individusl consumers
to focus on total cost of vohicle ownership ag opposed to
uplront coste. This approach advantages the economic
dynamics of electric drive vehicles in cases where the
higher upfront costs vis-i-vis an internal combustion
ongine vehicle can be demaonstrably offset throngh lower
aperating and maintenance costs over lime,

Fleet mwaers may benefit from operational norns

such as centralized refueling, high vehicle util
tion vates, and predictable routing. Tn facl, conpled
together. centralized refueling and highly predictahle
routing conld allow Hect aperators to nght-sice hattory
requirements. avoiding the expenditnre that many pri-
vate copswmers in the passenger vehiclo market will be
making on extra battery capacity that will varely be fully
utilized. Fleet operators also tend to take advantage of
commercial and industrinl vlectricity mtes. which are
significantly Jowor than those paid by residontial con-
sumers, The prominence of vehicle leasing and manaye-
ment eotities in the feetindustny oy also facilitete te

develoy t of innovative b s models it bundle
capital expenses with fuel and operating savings in ovder
1o make the decisions o eleetrify more transparent and
ancessible for fleet operators,

Qfcourse, there are stgaificant challenges tat conld
make fleet operators hesitant toadopt electric dive
vohicles Fears abant the reliability of the technology and

the ability of electie drive vehicles fo meet fledt mission

requirements are perhaps the moest important
Floet operators are exteemely unlikoly W sserific:

favors
all mission for reduced transportation costs. Electrie
drive technologies must, therefore. meet two diserete
criteria in order to he attractive to fleet aperators: they
must save money and allow fleet vehicle drvers 1o do
ther job effectively.

Fleet electrilication shonld not be mend in itself
Ry driving volume mn hattery and OEM supply chains,
providing practical husiness experience with both
private and public charging infrastructure. and dem-
anstrating the reliability of electric drive vehicles to
consumers throughout the United States, clectnihied
fleel veelos would provide substantisl spillover ben-
efits to the hrosder consumer market. In that sense.
s an additional. practical.
near-term sirategy for fcilitating the transfonna-
tion of the VLS. transporiation system and improving

fleet eleetrification reprres

Americim encryy security.
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Highly volntile oil prices have been the most persistent

structural risk to the US, coomamy for decades The

hoom and bust eyele of il prices witnessed since 2003

and n number of other times sinee 1970—eantributes to

¢ high degree of uncertainty throughout the economy,

vesulting in reduced economie activ

higher une
ployment, and expansion of public deht. When global

oil market dynamics generate price shocks, the result
has often been a recession followed by heavy govern-
ment gpending

'he mperocconomic significance of oil price shocks
is a function of the prominent ole of oif in the 1S,
cronnmy. Petrolewm accounts for nearly 40 pereent of
VS primuary energy needs, more thun any other fuel.
In 2008, as ol prices reached inflation-adjusted all-tine
highs, American consumers and businesses spent more
than $000 billion onvetail on petreleum-based fuels—ao.4
percent of GO While 2008 represenis m exceptional
year, econnniy-wide spending on petrolenm fuels has
averaged more than & percent of GDP since 2005, and

household spending on gasoline has exceeded 10 percent

of median income in some rogions of the United States
More than 70 percent of the oil we use is for trans-

portation fuels® Al approximately 14 million barrels

per day, the U8 transport sector alime constimes more

ofl than uny national ecanomy in the world Highway
trangpoctation—-passenger vehicles, freight trucks, and
buses—acemimts for the largedt share, more than 1) mil
lion barrels per day® With no substitutes availahle at
seale, petroleum provides 94 percent of the energy used
in transportation.” In ghort, oil powers the mobility that
i central 1o Amerienn prosperity and the American way
of Il
This excessive rolisnee on n single fuel W power

kev component of aur economy has left the United State

hostage 1o a global ofl market that is likely to become

croasingly volitile, Rising demand for mobility in

emerging market ecanomies is driving o steady incroase
i glohal o

ments in advanced ceonemies, Between 2008 and 2030

consumption, despite eMciency hprove-

inereased ofl consumption in the transportatian sector
of China, tndia, and the Middle East region i expected
to account for 70 pervent of the totul 15 million harrel

per dav imerease in global il consumption. ™ Burgeonmg

middle ¢lasses and higher standards of living in |

U

regions will place consistent pressuye on o 1 wil sup-
pliers to expand capacity. Tn the meantime. resource

nationalism,  political  instability,  and  insufficient

upstream investment in many ofl producing reglons or

continur eanstrain growth in oil supplies. While o
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Change in Primary Oil Demand by Region and Sector (2007-2030)

markets are cerlainly well supplied today. perhaps the
maost significant nisk (oa full global economic recovery
18 that expanded econonne activity will lead to higher
ail demand and reduced capacity margins. propelling o)
prices back toward 2008 levels

The United States has the techmnological and eco-
nomic power to disentangle itsell from (his situation.
While improvements in efficiency awd the Lageled
deployment af alternative fuels can--and should—play 4
role inreducing the role of ilin the U S cconomy, a mere
tennsiormational possibility is within ceach. Specifically,
VS snd global automakers have invested heavily in
producing vehicles powered by electricily from the

Vo m=mm=ies

grid. These vehicles have the ability to lundamentally

transiarn our transportation sector, moving from cars
and trucke that depend on costly oil-based fuels ta un

ttewrated system that powers our mohility with domes-

ticallv-jenerated electricity

Feetndicd ransportation has ¢lear advants

the current petroleum-hased system. Electriaty repre-
sents adiverse, domestic, stable, fundamentally scalable
energy supply whose tuel inpuis are alimost completely
free of oil High penetration rates of grid-enabled vehi-
cles—vehicles propelled inwhole orin part by electricity
drawn frem the grid and stored onbeard in a battery—
could rudically minimize the importance of oil to Lhe

 Douinaesy

United States. strengthening our economy, improving

national security, and providing much-needed tlexibnl-
ity Yo our foreign policy. Simultaneously, such a system
wanld clear a path to dramatically reduced economy-
wide emissions of greenhouse gases

In the process, clectrificd Tramsportation would
steme the flow of TLS weallh wbroad  poy [or imported
otl. which currently accounts for more than 580 percent of
America’s tride defierl.” Whnle dollars sent abroad Lo pay
for o1l often amoeunt io litthe more than a simple wealth
transien dollacs spent al lome o invest in posver genera-
tion, transmission and distribustion will help (o generate
ecanomic activity and employment in the United States
And because the battery industry tends Lo lacate near
demand centers, a large markel for GEVs in the Uniled
States should drive imcreased hiring in the manufactire
of sdvanced hatleries and their components,

The first wave of new GEVs is expecied in 128 mar-
kets in December 2010 and into 2011 General Motors
Nissan Motor Company, and Ford Mator Company will
be amone the first antomakers to introduce fully elec-
tric vehicles (EVs) and plug-in hybrid electsic vehicles
(PHEVS) to American consumers. Total North American
produclion capacity is expected to surpass 350000 units
by 20167 However, the long-ferm market notlook for

these vehicles is somuewhat unceriam. To be sure, carly
adopters and technological enthusiasts will prove tabe a
refuble costomerhase (or Lhe gest several nundred thou-

sand GEVs imarketed in the United Stafes. Butin order to

ibikt 23

Annual Fleet GEV Sales Scenarios

Somadl ey (900 Whelod

ity capilalize on the potenbinl of clectification o fun-

damentally improve VS, energy and econamue securily,
broader market penetration is required

To date. policymakers and industry participants
have focused their efforts on expanding the market for
GEVs among persenal-use passenger vehicles, ‘This
approacdy t deaddy justified by the role Chal passenuer
vehicles play in US oil consumptiun. Personnl use cars
and light-duty Lracks alone pecount for A0 pereent of
total U8 oil demand

However, in oider ty snpport develapment ol the
clectric drive vehicle industry and to help drive down
ndustry costs {or consumers. alternative vehicle mar-

kets conld be important in the near-terme The early

development of the olectric drive vehicle and battery
industries would benefit from s diverse costomer hase
that can help drive criticad volumes. particularly in the
period between 2010 and 2005 when chargmg infra-
structureand consumeracceptance issues will constrain
developmentofthe passenger market. Specitically, com-
merchal and govermment feel apphoitions stand ont o

highly viable market segments based on the vperationy]

HURE £4

Fleet GEV Parc Scenarios

1P 0000 Tedulns)

needs nf the vehicles and the eeonomic factors that drive
vehicle acquusition processes

Based o total cost of ownership modeling con-
ducted for this report. commeraa) and government fleels
sould contrilmte substantial volume commitments in the
zarly development phases of the GEV market. The eco-
nomic attractiveness of electric drive vehicles in certain
applications—coupled with oporatinnal enhiencements
and Largeted use of pubhic palicy Jovers—could drive
grid-ennhled whicle penetration m US comimereinl
anl government (leets tooas much as 7 percent of new
wequisitions by 2015 I aggresate, the market for BVs
and PHEVs in fect upplications conlif lead to cumulat
anit commitments of more than 2000600 EVs and PHEVs
batweon 2011 and 2015,




PART Gt

The Case for Fleets

There were more G tomitlion public and private flect
yehicles on the rosd in the United States in 20097 While
the spze ol wdivadual Necls vanes sienicantiy the (og
A0 feer pperators wgether manage more than hall a il
Jion ears and trucks ™ These vehicles perform a variely of
missions fof federal, state, il local government, snd o
companies tat are lamiliar o nearly all Americans. They
are pusial delivery vehicles. utility and telecommunica-
tioms service trucks. pharmacootical sules vehicles, urhan
delivery vans, ind ofhers.

The concentration of hiyving power associated with
et oprerabors aid 10D I et G IS repre-
senita o sienificand sppartumty 1o pssist the carly devel
opment of the eleetile deive vehicle industry, Moreover,
flents tend Lo possess o handdul of important charc-
feristies tal may ke them more Tikely than typical
comsumers to take on the potential risks of eleciric drive
ownsrship e aoticipabion of reaping Gnomeial beachts
dawn the rod,

Total Cost of Ownership Approach to
“ Acguisition: When asked flecl managors
rank total cost ol vehiele ownership as the
must signilicant setor driving acquigition
decisions © Conswimers, on the ather hand,
may prrvchiase oy a variely sf reasons inelur-
ing nesthetios and style, i addition to cost

Route Predictability: The mosl wost-
INtensive component in current-generation
electrie drive vehicles is the battery. In cases
where leel wlieles have laghly predictibile
routes that display litthe variation from day
to day. balteries con be right-sized 1o mini-
mize excess capacily reduving added wpleont
investment In excess energy storge,

High Vehicle Utilization Rates: Floot
vehicles Aypically have higher utifization
rates than consumer vehicles The result may
Ty that Beat oporators can guickly reeoup the
higher upfront costeof electric drive vehieles,

Use of Central Parking Facilities: Floois
that nike use of central parking depots may
be ahle 1o peuid dependence on public chire-
e infrasteaciars and benelil from cconn-
mies of scale in single-point installation o
multiple eharcers in individoal Leilities.

Tmportance of Maintenance and Service
Costs: Parhenlarly ool apphications that
aperate vehicles for Tonger penods of time
or into high mileage ranges, the Tow main-
tenanee eosts of electrie drive vehicles will
represent o substantial cost savings,

Lower Electricity Rates: The clectricity
riles puid by commercial wnd industrial con-
sumers < those most likely to muke nse of fleet
vehicles and central retucling—are olten sig-
otficmtly Jess than tose pabl by residential
copsumers, The tuel eost per mile trvelal is
o al the key commmic Blors thifecentind
ing plug-in eleetric drive vehicles from ather
fechnologivs

Alternative Business Models: Nused on
thelr aceess e capital ind larger purchasing
posver, Medl maragers may hesofit from siter-
mative bmsiness models that can Belp Reilitte
adiption of electric drive technology.

Corporate Sustainability: Commereial and
woverment enterprises may also consider
eleetric ditve vehicles in the comtest ol corpo-
rate suslainability initiatives. GEVS can help
meel rediced emissions and petrolenim con-
stmpilion goals

PAST T

Fleet Challenges

While flect operators do possess 4 number of importint
qualities that ceuld Facilitate their adoption of electric
vehicles, they will also face challenges. Some of the basic
costand technatogy hurdles forindividusl consumers will
also be problematic for fleets. thaugh Heots may b betler
eopupped Lo deal with then Tnaddition, feet electniica-
tion may come with its pwn set of umgue challenges that
ean be addressed through o combination of careful plan-
ning and public policy support

with the fiest comme ecially svinlabile electnie

“ Technalogy Costs: Rullery costs sssoviated

drive vehicles will result in s substantial vver-

all eost preminm, Cuvrent batlery technnl-

ngy is descending the ensl curve as volumes
mere

it under some Rect applications, it
illicull lo realize o reliirn gnoanvesl-
ment inareasonable time period. Ultimately,
fleet operators may b more willing than

may be

persunul-use consumers to consider multi-
yeur paybacks, but they will still want to see
returns relatively quickhy
Capital Expenditures vs. Operating
@ Expense: There is typically inlense com-
petition for capital within a given company
ar institution. The high capital cost reguire-
ments of today's eleetric drive vehicles par-
tenlarly in applications heavier than 4 pis-
senger antamobile will prove ehallenging for
many (ool operators, Fyen extoemely targe

husinesses may be nowilling Lo tie up capital
to support substantial volumes of eleciric
drive vehicles.

Battery Besidual Value: Toduy estimai-
b ing the residual value of used Lrge-Tormat

automaotive batteries is an edneated goess al

hest Iy test data suggests that lithium-ion

Batteries miy still possess 70 10 80 percont of
their ability to store ener iy when they ute no
Longer (it for qulomotive use Bt this necds
tohe borne ont by practicnl experienee

538

Fleet Infrastructure Issues: Kvon o flects
thal eentrally park, the enst of installing
charging inlrastrociore may be signthicm!
With Level 1T ehirger costs iveraging $2,000
per amit, the cost af installing encugh char-
Vs
PHEVS could be challenging Level 1T charg-
i iy Offer faster charge times and reduced
unil reguirements. but costs aro stll oo high.

wers Lo supporta et of severd dosen

Utility Impact of Dense Charge Networks:
finging o floct of EVs o PHEVS o o
small charging spuce will bring an unusu-
ally high barden ts these areas and may
regnire upgradis to lscal utility disteibution
networks, In particulas, transformers sern-
g churging foedities muy be msufheiently
robus! to support the simultancous charging
of multiple vehicle
1o mtarmation and regulatory support todeal
with these and other issues

ities will need access

Market Perceptions: Porhaps the mos
critieal challenge aifecting et adoplion ol
wectrie drive technulogy will be feet adopt-
ers’ impressions about the technology and its

ability toomeet their oporational needs Even
8, flevt
aperatirs will geed 1 e confident that ty

whien ieompe g coumumic case e

vehicle can accamplish the mission




PART

Identifying Fleet Opportunities

In order to better vndersiand the business. economic,
ant! cosl-saving npporlunities presented by electibon-
Bon of velnele Heets an cconomic model was dovel-
oped for the Ploct Klecinfioatron Rufiziage. The model
compares the Tutal cost of ownership (TCOY of sample
vehicles e velncle weight class and industry segment Tog
A eiven acquisition year. Technologies considered were
[CE. HEV, PHEV-40. and EV-100. The inalysis considers
vehtde TEO i three cases a base ease di oplimization

ease, and a pohiey case

Base Case: The base case assumes aperators purchase
v hictes beng otferedm the mn ket today ol curtent spreci-
Dicabioms, An operator makes no hehavioral dianges w
reduee cost. Public policy s not considered i the base case
Operators da not benefit from extshing or nture subsudies,

Optimized Case: The oplimizel Cuso assumes fleel oper-
alors e purchase vehicles thal Gt their needs and that
they wall wse Lhem e Lhe manner Wil most eiliciently
Ieavers cost. Battery-rightsizng and extended ownership
pesiods are examples of optimized use. Operators di it
Benehil froms existivg or fbire suhsidics.

Folicy Case: The pulicy case inlds on the aptimization
cnse, adding existing federal government meentives for
haht-duty vehicles and assumuing additional subsidies not
currentiy in law for medium- and heavv-duty trincks.

The model anal

uenests that ¢lectric dove vehi-
desare cost competitive ina number of Gect spplications
lodiy—even when assoming nu aceess fo government
stibsiches wnd no change m purchasing or sags patteins
o fuct, traditional hybrids ave o cost=efiective veplace-
mend for mternal combustion cogine vehicles by 2012
i most of the segments swhere driving distance excends
20000 miles per year, This is a resnlt of the relatively
small imeremental vestment tor an HEV compared to
an ICE veliide In the base case, GEVs begm (o emerge as
the mosteost ciTichive solution betwoen 2005 and 2018 as
battery costs hegin to fall helow $400KWh,

The cost effechive ness fimeline Tar cach of Lthe vlec-
tric drive vehicle technologles is improved by uptimiz-
g oprrations snd vehivte characteristics for o number

of feet upphicalions 1o particular bwi options stanil
ont: optimizing the GEV ownership duration to coin-
cide with the battery life: amd rightsizing the EV bat-
teries to meet the needs of low mileage fleet applica-
tions. These Lwo aclions aken v llvel aporators wonkl
wlvance the fima required for PHEVS and BVS Lo become
the mosl cost eifeclive solulions by approximalely ope
vear 1 s number of segments Figure 37 preseats The
compehtveness timehnes for the optipieed case

Finally., when current and patential future dovern-
menl incentives are catisidered, the cross-over puimt for
GEV cost parity 1= reached within the next feo to three
years i all of the commercial segments The meentives
assumed for this analysis include 87,500 tederal tax ered-
115 apphed for GEV passenger car and class 1-2 trucks:
815000 tax credits applied 1o class 4 medinm-duty
trucks: 820,000 tax credits applies to class 4-5 medinm-
duty trucks: and 825000 Lax credits applied to cliss 6-7
heave=duty trucks. (The full credits were assumed 1o by
available thronch 2015, after which they were ramped
dovwen annually, reaching zero 1 2020.)

In all cases, Yhis analysis imphes o progression in
cost compenitiveness from JCE though HEV, to PHEV-
A0 and EV-100 Fleet gwner behavior and public pohicy
can have a dramatic impact on the rate of that progres-
ston. but rising [uel costs conpled with falling vleciric
drive component costs suggest that PIEEVs and EVs
will increase im competifiveness over lime in nearly all
fleet segments.
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PART FOUR

Policy Recommendations

The Electvification Coalition has identified o suite of
policies to facilitate the adoption of grid-enabled vehicles
hy fleet operalors. These policies ave inlended 1o nar-
row!y addeess the specific obstacles Lo electric dove
vehicle adoption that the Coalition identified in the
Eleetrificatron Rogdmap. adjusted to account of the spe-
cific ehallenges fuced by Hleets These policies. therefore,
are intended 1o be consistent with the policies ontlined
in the Zlectrification Roadmap, and to support the adop-
tion of electric drive vehieles m managed fleels They are
not intended as a substitute for policies promoted by the
nriginal Elcctrfication Roaduag

Fleet Microsystems
Iemany cases, eels funchion us a mictocosi ol a trns-

portation ecos
all—of the ke
deployment community. For example, o fleet might

stem thal could manage many--if not

elements of an electrification ecosystem

consist of numerous vehicles that operate together in a
confined geographical space. This is certamly true for
mid-sized Neels that operale as pacl of geographeally
constrained organizations such as a utility or eity govern-

ment. Por nationasl fleets, such as parcel delivery and tele-

com fleels, ol least a suhsel of their velicles requently
serve individual regions or urban areas, In addition, cen-
trally refueted fleets provide vefueling svstems for theiy

vehicles at a hume base or bases, allowing them 1o closely

the cost and velinbility of energy infrastructire

L Finally, in the case of afleel attached to lirge com-

mercial industrial, or covernment entity, the Beel ope

tor (or ite parent) will likely have a direet re!
with the loeal utility.

ationship

Fhe varons Lypes of fimancial support that would
be available to consumers and infrastructure providers
i deplovment communities shoutd be available to fleet
operators, who may serve as a kind ol eleetrilication
stem—or fleet microsystem Like electri-
stems offer the

IHCTO-t

fication ccosystems. GEV fleel micros

nppartunity to accelerate the adoption of grid-enabled
vehicles by promoting seale and cost reductions in bat-
tery and vehicle production. While feets ultimately rep-

resent a smaller market than the general pevsonal use

aute market, the obslacles to their adoption of electric

drive technology are also smaller in some ¢

be addressed by targeted public policies

FLEET POLICY RECOMMENDATIONS WS—

vehicles purchased in deployment communitios Lo
include private sector fleots.

Create tax crodits for medijum- and heavi=duty grid-
ennbled vehicles deployed tn fleets with greater than
10 vehicles in operation.

Create clean renewablo energy bonds for fleet vehicle
charging infrastructure, and make municipal and
regional transit authorities eligible for the bonds

Extend the existing tax eredit for electric vehicle
charging infrastructure through 2018 and expand the

range of eligible costs.

Allow immediate expensing of GEV purchases and

supporting infrastructure for opermtors of certain fleels

Make tux credits available for the purchase of
qualifying grid-enabled vehicies and related charging

infrastructure transferable.

Incentivize the establishment of special purpase
entities to facilitate bulk purchasing of electric drive

vithiches by flect aperators,

OTHER POLICY RECOMMENDATIONS W——

Reinstate und extend the credit for mediom- and heavy-

duty gasoline hybrid electric vehicles that utilize advanced
batteries with energy and power density equal to or grester

than lithium-ion batteries (available 2011-2018)

Establish a program to guarantee the residual value of the
first generntion of lrge-formal automotive batteries pul

intu service between 2000 and 20

The federal government should Inerease investment in

advanced battery research and develupment.

Federal regulatars should ensure that mator vehicle
regulstions do not unnecessarily prohibit the development
and deployment of cost-affective PITEVS in large lrucks

Electrification of the

Transportation Sector




ISTRACT

The electric vehicle industry |
momentum over the past several vears, Strong
stment from the private and public se

has placed the United States on a path to global

compeltitiveness in advanced battery manufacturing

and ther appears to be strong demand for the fi
e of grid-powered vehicles. Electrie vehicl
the possibility of a fransportation sector delinked
from oil, which would dramatically improy
onomic and national security while reducing
emissions. While personal-use pass

U continue to he the

Visit ElectrificationCoulition.org to
download the Electrification Roadmap
or request a printed copy.

Overview

Twa years after Congress passed and the president signed
the American Recovery Reinvestment Act (ARRA), the
legislation’s tmpact on trensportation slectrification is

ited

becoming apprrent Al the beginning of 2000, the 17

Stateswas onapathiodevelop litte if any domestic cag

ity in large-format lithinm-ton battery manufacturing
Strong policy support and a wellsentrenched consymer
vlectronics hattery industry In Asis along with engrained
high fael prices in Burope hod given othor cotintries o
signifvant Joad <lart, wnd the Cnibed SEales wis palsed Lo
miss out on g mulbishillion dollor gdobal industry

Instepd, by the ond of 2000, $1.08 billlon in gmnts

hatl bean provided to mere thar 30 swardees for the

marmfanture of advapeed hatteries, battery and drive-
train components. and other netivities, inchuding battery
recveling' Nearly 20 other awardees received a talal of
€256 millinn in teomsportation eloctrification funds
ARRA al
US. consumers. Under the new law, 118 residents who

d electrie voliele tax credits for

electric drive vehiclez that draw power from U
grid will be able to claim a base t sdit of £2.500 for
vehicle with a battery of il Juast five kilowatt hours (kWh)

pur

and £417 dallars per KWh from five upward. capping al an
wlditional 5,000 The maxinm tax credit, therefore, is
ZR00 T he cred iU applies s the fiest 200000 vehicles per
manufacturer, and there s 0o specific Hmil on the mon-
her ol qualifylng manufacturers

T addition, the Department of Energy (DOE) distrib-

uted $200 million in gtimulus funds to 25 recipients in the
Clenn Cities Program. ‘The majority of the funds wero tay
geted toward deploying alternative fuel infrastracture in
LIS, cities participating in the program. Fonds will support

the eonstruction nf electrie v ginginfrastruchire

as well as rofueling stations for compressed natural gas
(CNG), Nauefiod natural gas (LNG), biofuels and other

Iternative-fueled vehicles,

Heginming in 20 2000, the first stimulus-supportod

A worker checks production of Mthiur-lon automative tatternt in 4
Johnson Controts Advanced Power Solul om plant

Tondioma. By 2012, 80 faetories with the capacity by protine
an estimated 20 porcent of the world's advanced vuhicl

batteries will exist in the United States! By 2015, thes

focilities coutd produce enough batleries and compos
nents 1o support SU0000 plug-in hybrid electric whicles
(PIEVS) amd hybrid electric vehicles (1

At the same Dme, Dhe first conpmercin] deliveries of

srid-enabled vehicles (GEVS) are drmving

1 wave of oy

closer, By the end of 2000, Nissan will begin selling its

sll-electrie Teaf into seleat markets, and Genernl Motors

o

will begin selling the Chevy Volt,! Nissan has announced

plans for a sider market lavnch beginning in 20117 Ford

Matar Company will introdice st lenst three grideenabled
vehicles by 2012 including the fully electric Transit
Counect, the Focus EV, and a phig-in hybHd Escape

A number of other significant plug<in offurings from

start-up vehicle manudacturers snch as Coda, Bright, and
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Electrification Industry Recipients of ARRA Awards
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Currently Announced North American £Y and PHEV Production Capacity

Figker Automotive will bring eurrently announecd North
American GEV ecapacity to 150000 units by 2012 and
nearly 250,000 units by 2015.°

This investment i advanced battery and electrie-
drive vehicle technology by both the public and private
sectors represents a commitment to dealing with a cross-
section of key challenges confronting the United States
today, Electric drive technnlogies—from HEV to PHEY
and EV—are the most technologically mature and. cost-
ellective means (or conlronting many ol our noalinns

must substantial economie, national security, and envi-
ronmental issnes. Moreover, infant industry support for
the domestic battery industey isa hest stop—athotta mod-
est one— lownrd supporting a renewed manufacturing
Dinse in the United Stites. Large-format batteries make

up one of the more promising components in the emerg-

ing industries that will employ American workers in the
coming vears,

T Mlly eapitalize on this investmant. however,
electrie drve vehicles must ultimately suceeed in the
marketplace. The supply=side of the grid-enabled vehicle
indostry has developed rupidly over the past several
vears, and the United States has begun to establish o
alobal leadership position—particularly in the desizn and
manufacture of large-formal lithium-ion batleries. From
anational perspective, however, the real challenge will he
o accelerate the pace at which new teehnology can alter

the energy profile of the U transportalion seclor
Technological enthusiasts and other
willlikely provida stromg demand for the first s

dred thousand grid-enabled vehicles, Bat moving hevond

b Fowit Fpess LV
3 Ford Transit Cannec!
I Nissan Laat
Y [ u ;

fiad So0tv*

this matket will be challenging. Today, more than 10 years
alter their intraduetion to US. markets. theie nre just Lo
million gasoline electric hybrid cars and lght-duty trocks
on the road in the United States, Hybrids vopuesen fess
than 1 percent of the light=duty vehicle pare

I same ways, the challenges facing eonsumer aecep-
tanee of grid-enabled vehicles will be greatar than those
that faeed! hwbrids—though their potentis) henefits to the
nation are also substantially groater than thase of tradi-
tional hybrids. In addition ta vehicle range and assoe-
ated infrastructure issues, perhaps the moest important
challenge facing widespread adoption of grid-enabled
vehicles will be cost, a factor largely dotermined by the
Dattery, Most industry pacticipants and snalysls argue
that battery manufacturing costs will fall as the industry
reaches higher production volumes than currently exigl
but the timeframes for such reductions are somewhat
uncertain and depend heavily on early market develop-
ment. Therefore, particulardy io the early stages of indus-
Ay growth, it will e important to espand the demand-
side ofthe industry by targeting a diverse costomer hase,



Oil and the U.S. Econom

The ene

1elivity

impaet of reduced ceanomic and induostrial
h

s well as high vnemplayment—associnted
the 2017-2000 recession has been significant. Tolal 78,
oil consumption averaged 2006 million barvels por day
(mbd) fram 200 Lo 2007, equal to approximately 25 per-

cent of the global total ™ High fuel prices and the reces-

ns that began in 2007 drove oil demand
mhd in 2007 1o
In 2008 and

nditi

sionary

down hy nearly 10 percent—{rom

18.7 mbd in 2009 jts lowest leval sineo 199

rienced

2009, oil consumption in the United States oxpe

two congeculive vears of decline for the st Hime in 19

hily up in 2010 at
As the

seanomy cantinues 1o shift away from heavy indus-

re. Total peiroleum supplied is sl

19.3 mbel. but is still well below recent averag

1

try. and as stiengthened fuel-econnmy standards bezin
Lo impact the elliciency of new Araerican cars and trucks

e predicting the advent of ‘peak demand

many analy:
ior fuels such as gnealine in the United States ™
And vet, the United States is still heavily reliant on

petraleum. In large part, this is becanse the United States

the world's lnrgest, most dynamic trans-

¢

still pe

portation system. At more than 14 million barrels per day.
this sector alane consumes more oil than any individual

V]

national ecomomy in the world. There are more than 28

miillion light-duty vehieles on US, roads today, scconnting

for approximately 40 percent of total ail consumption
Freight frueks

O—/f of energy delivered to the  million vehicles,
y LS transportation system equaling  roughty
0 is petrolenm-hased today. 12 pereent of oil

add  another 8.7
i1

demand. All
told. the transportation sector aceounts for 71 percent
of nggregate 118 oil consumption” Despile significant

elforts Lo drive alternative fuels into the markelplice, 94
percent of delivered enerey in the transport sector is still
petroloum-based today*

Simply pot. oil eansumption and the mohility pro-

vided
of the national econamy and American

by petralenm fuels represent core components

yoof life.

Petraleum mects nearly 40 percent of total TRS prim:

energy needs. mare than any other eneigy sowice
Aggregate consumer expenditures on petrotoum prod-
ucts were as high a8 6.4 percent ol GDP i 2008 and arc on
track tobe as nmch as 5 percent of GDP in 2010,

Most  conventional  forecaste  envigion  steady

inerenses in total V1S, petroleum eonsumption belweon
2010 and 2035, Recent Departusent of Energy (DOE) sce-
narios praject 2 modest decline in gasaline eonsumption
by

prtroloum produets are projocted G expericnee: signifi-

. bt most ather

135 rolative to presrecession lovs

cant geewth, Overall, liguid fnels consumption increases

by 6.8 prroent by 2055 in DOE's cutlook ™ Diese] and jet
fued consnmption also increase by wide marging The 118

driving population is expected to jncrense from approxi-

mately 237 million prople in 2007 ta 311 million by 20;
se in light-duty vehicle

d to

leading to a 124 percent incre.

miles traveled ™ Freight miles traveled are expec

mner s by o stagigering 51 pereent by 2035,

Livht-. meditm-, and heavy duty trueks represent

one of the most significant growth segments for 1
oil demand going forward, just as they have for several

hin an-

Sinee 1073, 100 percent of the o

decades

road TS nil consumption has been dus to rising truck
demand=an increase of 29 million barrels per day.

Though lower in absolute numbers, these vehicles

tend to b inefficient ralative tn passenger cars and

also typically 1og much higher levels of annual vohicle
miles traveled.
Continued 1

ail dependence is neither desirable
not sugtainable. Over the past several years. Americans
have been reminded of the serinus economie, nutional

md enviranmental costs of consnming and pro-

ducing petroleum at current levels. Whether or nol these
costs are reflectod m Whe retail price of gasoline, they ar

hath real and significant.

n Consumption
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National Security Costs

The impartance of oil has given it a place of prominence
in foreign and military policy. Tn particular, twa key
issnes related to oil affoct national seeurity. First, the val-
nerahility of global oil supply lines and infrastructure has
driven the Uniled States 1o accept the hurden of securing
the warld’s oil supply. Second. the impartance of large

individual ofl producers eonstrains US foreign pelicy

options when dealing with problems in these nations.

A erippling disruption to global oil supplies ranks
ameng the most immediate threats to the Uniled States
18

East or the closure of ¢

Aprolonged interruption doe towar in the Middle

key ol transit route would lead 1o

sevore veonomic dislocation. US leaders have recognized
this fordecatles, and have made ita matter of stated policy
that the United St
military foree
sharl of eomplete detorrence, and the rigk of oil supply

sswill protect the free flow of ot with
1ill, policy alane has consistently fallen

inferruptions has persisted for nearly 40 vears

To mitigate this risk, US armed forces expend

enormoaus resources protecting chronically volnerahie

infrastructineinhostilecornersof the globeand patrolling
oil Tramsit rondes. This engagement benelits all nations
but comes primarily at the expense of the Amoerican mili-
tary and ultimately the American texpayer. A 2009 study
by the RAND Corporation pluced the ongoing cost af this

burden at befween S¢ allion and $£83 billion annually.
plus an additional £8 billion in military operations.™ In
propertional terms, these coste soggest that belween 12

and 15 percent of the current defense budget is devoted to

gusranteeing the free llow of ;b
Fareign policy constraints relnted to oil dependence

are less quantifinble, bt ne lessdamaging Whether deal-

ing with uranium enrichment in fran. i hostile regime in

Venexzuely, or an inceeasingly assertive Russia; American

diplemacy is distorted by our need 1o minimize disrup-
tions {0 the (low of ol Perhaps more frushiting. the
mpartance of oif to the broader global economy has
made it nearly impossible for the United States 1o build

international consensus un s wide range ol foreign policy

and humanitarian issues,

Glohal Map of Major U.S. Petrolaum Imports (Million tonnes)
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Environmental Sustainability

crnalities ol ail produetion and

The environmental e
consumption are inereasingly coming info foens Total 118

erwrgv-related CO.emizsions were 8405 million metric

tang in 20007 Emissions from the combustion of petro-
lenm aceounted for 423 percent of the Lotal, representing a

stgniflenntly birger shire than eaissions from eoal

From n sectorn! porspoctive, electrie power repre=

sents the la

fost sotree al onergy-relaled CO. cmissions,
aceounting for 2052 milllan metric tons in 20097 Cagl

ciizsions mie

up more than SO peccont of the 1atal

LS power amissigns profile = However, th figguris
pepresent ypstream enssions that result from sconamy-
wightt nsage of eleetricity. In order 1o assess the impact of
enorgy congimption of differen! sectors af e cconnmy,
it is also uselil to comsider pmissions fraom the primary
end-use soctors reported by the Department of Energy:
the industrinl, commercial, vesidential, and trapspoarta-
tors. End-use fenes imeorparate the full con-
ek

Lion

sumplion of enorgy by o sector, inchiding electricl
other energy forms

From an end-use porspective, the transportadion
t sonree of 118 U

inl emissiops in 109900 Tatal

. cmissions.

seetar s the single Targe

aving surpussed indus

Trattie on Inteistate-35E and Dalze Skyling

COL emissians from transportation were LESE million
metric tans 10 2009, and 98 percont of these emissions
were from petrelenm consumption ' Tn 2009 consiimp-
ten ol petralemrin the transportation sector acconnted
formore 128, energeerelated OO, emissions Hun the con-
sumption of coal tor eleetric prswer production
International consensus §s inereasingly foeteed on

caneettmlions of 450

reaching atmospheric greentious

parts pir million

by midecontury
in order Lo avoid

the most  severe

olated COL emissh

tmpects of  oli-
mate chanye. This

scenarto would tequive voer oms o b

redoeed by 40 percont Tram 20006 levels in devoloped cotn-
triee while ather prjor cconomies limil their growth to 20
percent. These reductions wonld regquire sugnificant neplac
ment of petridemm trams portation fuels

Tn addition to negitive externalitios nssociated
with the eansumption of pefroloum, the congoquences
wore nlgo highlighted in 2010,

of petroleum production
On April 200 2010, an oil unil gos explormtion rig in the
Gull of Mexico experienced a catastroplic blowayl

esulliog in un explesion amt re, Two days der the

()7 00rm
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Share of Energy-Related CO, Emissions by Fuel & Use
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Transmoctation becomes the beading
source of enargy-raisbed 00, smmisions

Damiprt

rig—Deepwater Horizon—sank in approximately 5.000
feet of water, The accident severed the rig's connection
Lo the senfloor, and the blowoul preventer algo experts
enced a complete failure. While estimates vary consid-
erably, the ot spill that resulted from the Deepwater
Horizon incident likely releasged several million barrels
of crude oil in the Gulf of Mexico before the damaged
well was stabilized on July 15

Like any business, the glohal oil and gas industry is
not risk-free. The availability of relatively inexpensive,
eonventional oil and gas supplies is dwindling in the
regions most accessible Lo international oil companies—
the Unifed States, Western Furope, and industrialized
AsiasPacific. To be swre. Jow-cost proven oil reserves still
cxist in substantial quantities. but they are most com-
monly located in countries or regions hat do not permit
10Cs to operate reely, As a result, JOCs have increasingly

expanded the houndaries of technological possibilities in
the regions in which they can operate.”

Finding and developing these fuels is costly and toch-
nologically comples, and deepwater oil and gas explura-
tion is expected to be at the forefront of industry efforts
1o expand upstream petroleam production in the eoming
decndes Significant discovenies off the coast of Brazil,
Greenland, Canada. and West Airica are among the
promising opportunities to produce the fuels that drive
the global economy today—and probably will for some
time. And vet. the environmental risks associated with
these projects should be an important consideration tor
palicymakers. Catastrophic oil spills are extremely low-
probability evenls But they are also extremely high-cost
wvents

FIRCIAL SRCTION

Assessing Energy Markets over the Medium Term

The factars that led to high oil prices and inereased vola-
tility in the global il market in recent years are not likely
o significantly alter over the medium and long term,
Rising demand in emerging market cconomies coupled
with constrained growth in oil supplies i« a fundamental
dynamic that has already been factored into erade oil
prices.

Undeterred by the glabal economic downturn, Ching
clocked a 6 percent inerease in oil demand in 2000 and
is on pace for a ® pereent gain in 2010 More broadly,
emerging market energy domand growth now sets the
paee for the world. In particular, the rpid increase in
demand for mobility in the developing world is reshap-
g the wlalal oil market Ol demand growth in emerging
market econnmies hos aversged 5.6 percent annually
since 2000, resulting in o net increase in demand of 9.6
million harrels per day between 2000 and 2000 The
majority of this inceease was for transporiation. Ol
demand in the developed world actually shronk over the
same period. Together, China and Tndia hive accounted
for 63 percent of the total global inerease in vil demand
sinee the start of the century

Titunn vi2

Light Duty Vehicle Stock by Region

Moy
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Emerging market demand growth is placing new
pressures an oil supplios. Tn large part, the high level of
ail price volatility witnessed beginning in 2003 resulted
from oil producers” inability to adequately respond to
the sharp inerease in demand driven by emerzing mar-
ket e ies. Rapidly escalating vil ¢ ption in
China. India, and the Middle Eagt stressed the glohal
oil production system to jts limits, In the meantime,

resomred mationalism. political instability, and {nsuffi-
cientupstromm investment i many oil producing regions
ted ta constrained growth in oil supplies. The resalt was o
rapid erogion of spare eapacity within OPEC to extromely
Jov fevels=luss than 2 percent of global demand * Insuch
an environment, even siall perturhations or changes m
murket nssessmuents about the balanee betwaen supply
and demand ean cause sharp prico swinis in crude ofl and
retail fuels.

Geing forward, analysts expect oil demand growth in
the Chinese, Indian. and Middle Eastern transpart see-
Lers to make up more than 70 pereent of the incresse in
glohal nil consumption between today and 2030, Today
there are approsimately 30 million light-duty vehicles on
the road i Ching: by 2080, analysts sxpect it mber
1o incrense nearly 10-fold (see Figure PL2L AL the same
time, growth m global oil opplies will he fonnons Of
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prodiction within the world’s most developed nations—
the 30 members of the Organizalion for Economic
Cooperation and  Development  (ORCDY—peaked  in
1997 and has markedly declined each vear since 2002
Outside the OECD, the picture is no more encotrmging.
More than 90 pereent of global ail supplies are owned by
state-run national oil companies (NOC). While o hand-
fulal NOCs operaic like private lrms al the lechnalogical
fromtier of the industry, the majority function essentially
as a branch of their respective central governments,
depositing oil revenues in the treasury from which they
are often diverted to other programs instead of being
reinvested in new energy projects.”

Meanwhile, the fraction of glohal oil reserves that
is aceessible to international oil companies (10Cs) is
eroning fereasingly complex and costly to produce.”
Tn addition to the typical costs for pipelines, tankers, and
retmecies, 100 must now mvest significant addinanal
eapital per harrel of oil produced for specialized drilling
eimipment, eversized offshore platiorms, and advanced
upgrading facilities. As o result, the cost of production for
incremental non-OPEC ol reserves has incrensed rp-
idlv in recent years. Currently, the hreak-even price for
Canadion o)l sands is estimated at between S50 and S50
ver harrel.” For projects in the Gulf of Mexico, marginal

e A M M e M opn m@E oW

costs are estimated 1o be 860 per barrel.”” Promising
hasins off tho coast of Brazil, the West Coast of Africa and
the Former Soviel Union are equally complex and costly
With these factors inmind, a strong case can beinade that
high ail prices are hers to glay.

In fact, oil prices and sapply-demand dynamics that
have peenrred in the global oil inarket througheut 2010
have served to reinforce This case. With glohal oil demand
sBE recovering from tHie shock of the financial coses
notional OPEC spare capacity is currently 5.1 million bar-
rels per day, o level last witnessed throughout 2001 and
2002, when oil prices averaged $20 to 20 per barre] -
Current commereinl mventories are alsa al generous
levels. LS. commercial erude oil stocks were 358 million
barrels as of lale September 2010, more than 15 percent
above recent wverages for September  Gasoline and die-
zel stoeks are similarly bloated, and the stary is moughty
the same thronghaut the world. The world is awash in
oiland global demand is anly now returning to pre-crisis
lovels. And yet. crade oil prices have averaded more than
§75 per harrel thronghout 2010, a Jevel that would have
seemed exorhitant ax rocently sz 2004,
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The Case for Electrification

Eleetrificatien af transportabion remuins the mest prom-
isimg, nearsterm opportunity for fundamantally redue-
ing US dependonee on petiolenm, Traditional gasoline
electric hybrid eloctne vehiclps (HEVS) offering gesoline
efficiency improvements of 25 10 50 purcent—or more—
for amidsize car have been availuble for s decade and the
teehnology is genorslly mature,” More rocontly, fhere
v hean significant advancoments in the teclinology
necded to produce vehicles that ean charge onhoned hat-
fories with electricity rom the e, offering o fomlamen-
tal break from petroleuns consitmption in teansportation

Thongh important challenges remain, the glohal
antamotive industry has invested heavily in a pumber
ol grid-posvered vahiiche platiorms that alliey far various
ranges of antonomaus driving powered solely by elec-
tricity, In general, grid-snubled vehicles can be oither
pure electric vohicles or plug-in hybrid electric vehicles.
Both EVs and PUEVs store onergy from the grid in
on-hoard batteries. Energy from the batlery powers a
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Righly=eMictent dlectrie molor that prapels the vehice
EVs substituie an electrie drivetrain for all conventional
drivetrain companents. PHEYS refain the use of o dinen-
sired internal eambustion engine that supplements bat-
1ErY POWET.

To be sure, comtinued improvements in the mternal
combustion engine—along with the tareted uptake of
otheralternative fuel vehicle

tochnologios — can and
should play 2 poly in offorts

toimprove LS energy secu-

Eleetrifivation of

rity, However, gridenabled — (rgnsportalion remains

vehiches offer an wnficaly yis
the most promising,
new prospect: a lransporta- ‘

ton system delinked from near-lerm H[![llH'l’HHH\‘

oil. Comvergence hetween -
thipoir 4ad5Fansport for fundamentally

sectars ennld  fundemen- ,-,-‘]“(-,’“.,/ \inerica 's
tally alter the US. enersiy
secttrily equation. Vehiclos
powered byeleetricity Irom
the grid consume no petrolewm while they are operating
on energy discharged from the battery. The benofits of

dependence on ol

such « propulsion system are enbanced by koy features

of the electric power sector 45 well as the vehicle tech-

nalogy itself
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SRRCIAL SECTION

The Advantages of Electric Drive

Fleciric drive technology offers o significant improve-
ment in efficieney within o given vehicle class whon com-
pared to o comparable traditional internal combusting
engine vehicle, In large part, this is due to D gh efli-
ciency of electric motors, which can convert as muich as
80 to 90 percent nf the energy content of electricity into
mochanteal energy. This efficiency contriboles to several
sigrilicand hencliis o the vehicle operator.

Reduced Fuel Costs: Electric drive offers significant
reductions in tuel costson aper-mile basis. With gasoline
AUER00 per galton, w relatively efficient inteenal combus-
tien engine vehicle rated at 30 miles per gallon has an
average fuel eost of 10 cents per mile. A mid-sized sport
ulility vehicle gelting 20 miles per gallon his an average
fuel vast af 16 cents per mile, and a medinm-duty urban
delivery vehicle getting 10 miles per gallon has an sverage
fuel cost of 30 cents per mile, Comparatively, a Hehtduty
ballery electric vehicle or a PHEV in charge deploting
mode would have el costs of just 2.5 conts por mile.
assuming electricity priced al 10 cents per kilowatt hour
(RWh) and an electiic motor efficiency of 4 miles per
KWh. At 2.0 miles per kWh. the fuel cost for a medium-
duty PHEV or EV truck wouli be & cents per mile.

Eficient Use of Energy: Low fuel costs for Vs and
PHEVs are partially a function of the low price of electric-
ity onanenergyv-equivalent hasis. They are also a function
of the efficioncy of ¢lectric motors, However, all electric
drive technolagies alse make elficient use ol energy from
the puint of combustion. For EVe and PHEVS, assessing
Thad ellicieney regiires moving up the envey svstem Lo
the point where fuel is combusted ina power plant Using
this measnre, the efficiency advantage of electeic deve is

FIEVRT Mb

veadily apparent, A traditional ICE vehicle getting 20 mpg
com trave! less than one-fourth of a mile on the snermy
contained in 1000 B of gasoline, An electric vehicle or
PUEV in charge depleting mode can travel nearly double
it distance on LODO Blu of natural gas used Lo generate
electricity, even accounting for line losses in transmitting
the electricity from the powes plamt.

Reduced Emissions: Elecirie drive technology can
provide significant reduchions in CO, emissions compared
to conventional vehicles peavered by fossil fucls, Today's
full hybeids offer ns much a8 1 30 peccent improvement in
emissions when compared te similarly sized conventional
gasaline vehicles Questions have bren raised about the
cmissinas profile ol PHEVS and BVS, becanise approsi-
mately 45 pereent of carrent US, electricity senerntion
w derved from coal=fined power planis Together with
matural gas, fossil fuels peconnt for @s much as 70 percent
of US. power generation.”

However, the emissions benelits of electric drive
vehiches are sLill signifteant. A number of well-to-wheels
analyses have quantified emissions benefits of eleetne
drive technology in recent years One stidy from the
Natural Resources Defense Cotmeiland the Electric Power
Kesearch Institute found that n PHEV-20 pravered by elec-
trieity from the grild offercd significant emissions benefits,
even iF100 percent of the electricity used (o power the
vehicle was generated ot o relatively fnelficient coal plant,™
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Relative Efficiency of Sample Light-Duty Vehicle Technologies
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Andan (et despito e prominent eode that conl-fired
eleetricity goneralinn plays in the 1S puwver portfolio,
the notion of & PHEV or EV powered 100 porcent by conl
Tssomewhat misleading. This is hecause vehicies plogging
into the grid swill be powored by the lnwest-cost source of
disputchable power genoration at a given point in tme.
More nften than not, the marginal fuel ls unlikely ta he
enil, as coal typically serves as o sonree nf haseload power.
and ramping coal yeneration requires sama measure of
planning. Tostead, the margingl fuel powering FHEVs
and EVs is likely to be natural gas in much of the United
States.” Natural gas iz low cost and easily dispatchable,

Asa fuel, natural gas contains aban 30 parcent less
O than oil and 45 pereent fess than conl on an enerey
equivalunt hasis ™ Moreover, the platform in which
the funl s consimud impacts emissions significantly
O average, the Heel of TS, goal poveer plants currently
T o 22 prercont efficiuney rating” In contrast, the eur-
rent natural ws-fueled power fleet reaches ronghly
A3 percent, and it has been improving sabstantinlly as
combiped eyele gas plants are deployed fi greatar num-
hors™* Current-generatinn enmbined cycle plants reach
efficieney levels of 60 poreent,” which, when combined
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with the lower corbon profile of s, results in anomis-
sinns reduetion of sboul 70 pereent per it of vleetrieity
eonerated Versis Hhe extsting conl et

One recent study from the Oak Ridge  National
Jabaratory stmulated the fmpact of Sumficint wloptinn of
PHEVs throughout the Tiited States" The study asained
that more than 19 millinn PITEVE would be an the road by
2020, and 1L pledted pesetention aerrss dilferent Nathaal
Electricity Relinbility Council (NERC) regions. Ageregated
across all NERC rogions, the @tudy found that natural gis gen-
eration provided for the bulk of added electricity genevation
noeded to power PHEVS in o variety of charging scomwios,

Most recently, Argonne National Labortory simu-
Jated U well-toswheels emissioms profile of o amber of
PHEVE with vavyimg Datlery sizes i dilfevent reghins of
the Tnited Statos ™ The analysis found that o PHEV-10
i charge dophating (CPY mode il slgnificantly Jower
CO; emissions than o comantional wealine vehicle in
each region annlvazed, and in most cases the THIEV-40 10
€0 omode eatperformed o teaditonal FEV Iy Diools,
conl-daminated region, the PIEY stlll offered snemission
improvement over a conventional gasoline vehicle, while
HEVE pevformed the hest out of the technologios evalnpsted.
Thedrivecycleused inthe Argonneanalysisresulted inu i1
percent utility factor fora PHEV-40,which isconservative),

Energy Security: Electrie diive systems ropresent
a =ubstuntin) bmprovemoent from an energy securily
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Well-to-Wheels Emissions: PHEV-40 in CD Mode
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standpoint. Electric vehicles—and series plug-in hybrid
electrie vehicles operating in charge depleting mode—
essenlially use zero petroleum to propel the vehicle, In
some confligurations. PHEVS with smaller hatteries may
still use some petraleum, but the total amount can he
nearly 50 pereent lower than from an 1TEVS Meaningful
penetration of EVs and PHEVs, alony with traditional
HEVE and more efficient 1CE vehicles, wonld radieally
improve U8, energy security by minimizing the role thut
petroleum plays in the national economy.

Between 1975 and 1085, the United States sharply
reduced the amount uf petroleam that went into prodoc-
ing each dollar of gross domestic pradoet.” The practi-
cal elimination of oil from the electric power sector and

the implementation of the first national fuel economy
standards led to oil intensity reduetions averaging 2.5
percent per year. Beginning in 1985, however, the rate of
reductions in vil intensity slowed dramatically. A crash
in oil prices strongly contributed to chimging consumer
demand i vehicle performance and fuel efliciency met-
rics. Over the following decmdes, average reductions in
oil intensity averaged less than 1 pereent annually, as
imprevements in fuel-ecomomy standards stalled and the
automotive industry invested tesearch and development
daollars in inereasing horsepoweer instead of the advance-
mont of new, eflicient lechnologies

The arrival of electric-drive vehicles in the market
signals the beginning of a fundamental shift in U.S. energy
seenrity dynamics. With oil demand growth in emerging
market economies providing steady support for higher oil
prices, consumers may be much more willing to invest in
eficiency il the prodicl aptions are compelling

SERCIAL SEOTION

The Benefits of Electricity

Grid-enabled electrie drive technologies—PHEVs and
EVs=will Banefit feov impartant charuc
1.8, electric grid Vehicle miles powered by electrieity will

risties of the

offer improved encrgy seeutity, reduced fuel costs, and
reduced CO. emissions Inrgely beesuse the power seclor
offers material improvements in those colegnries com-
pared b petrslenm

Flectricity is Diverse and Domestie: Eleciriety
is generated from o diverse portiolio of largely domestic

fels inclnding coal nranium, natueal gas, Dowing walir

windd, geothermal heat, the sun, Bind (il gas, amd others
Among those fuels, the rale of patroleum is negligible, In
fact, (ust 1 pereent of power generated in the United States
in 2009 was derived from petroleum.™

An electricity-powered transportation system, there-
fare, is one in which an interruption of the supply of vne
fuel can be made up for by others, even in the shord term.
at least tothe extent that there is spiro capacity in genera-
tors feled by other fuels, which is generally the case. This
whility 1o nse differant fuels s o soure of power woold

£

increase flexibility in the transport sector As national
goals and resources change over lime, the United Stales
canld <hift transportation fuels without sverhauling ils
transportation infrastructure

In addition to this diversity of supply. the fuels need
Lo generate electricity are penerally sourced domesti-
cally. All renewahle energy is generated using domestic
resources. The United States is o not exportor of coal,
In 2000, only 12 percent of natursl gas demand was
met by imparts, and approgimately 90 porcent of those
impartwere from North Americ
Mexien).” The United States dovs import o suhstantial

n sourees (Cenada and

portion of the aranium that Miels civilian nuclear power
reactors, Forty-two percent of those import s, hewever, are
from Canandasmd Australia®

Electricity Prices are Stable and Relatively
Inexpensive: Fleciricily prices are sizmiicantly less
volatile than oil or gasoline prices. Over the past 25 years,
electricity prices have risen steadily but slowly, Since
1983, the average nominal retail price of electricity deliv-
ered in the United States has visen by an sverge of less
than 2 percent per year in nominal ferms and has actually
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Retail Electricity & Gasoline Prices
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fallen In real tevms ™ Moreaver, nomingl prices have risen
by more than 5 percent vear-over-vear only three tires in
that time period.” This price stability, which is in sharp
contrast (o the price of oil or gasoline, exists for af least
Wi peasons,

Frest the retail prics of olectrigity rofects a wide
ramge of costs, only a small portion of which srise from
she underlying cost ol the fuel. The remaining costs are
lavgely fixed ™ In most instances. the cost ol fuel repee-
gonts a smaller percentage of the gverall cost of delie-
erod electricity than the cost of crude nil represents as a
percentage of the cost af retal gasoline. For instance.
although fossil fuel prices rose 21 percent between 2004
and 2000 fas measured nna cents-per-Blu hasis), and
the price of uraninm delivered in 2006 rosc 48 poreent
over the cost of nranitm delivered in 2004, the national
Clrieity sales increased anly

avernge rotail price of all ¢
17 pereent.  This cost strueture promotes price stability
swith ruspeet o e final retail price of elacteicity

Secand. although real-time electricily prices are
volatile cometimes highly valatile onan hour-to-hovr or
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=ty basis), they are nevertheliss palatively stabl

over the mpdinem and dong Lorm. Theeefore. {n selling

formiulng

relafl mtes, wiflities or power mirke
that will allow them to recover their costs, ineliding the
seeastonally high realtime prices for electricity, hut

which eftectively ssolate the retail consumer from th

hour-te-hour and day-to-day volatility of the real-time

r murket olating the consumer from the price

pov
volatility of the underlying fuel costs. eloctrie utilitie

witild be providing to drivers of GEV: stabllity thet oil
compauies connol provide to consumers of yasoline

The Electric Power &

cetar has Substantial Spare
Capacity: Hocanso large-seale sinrige tricity has
Iih
secton is effectively designed os an ‘on-demand system

orically been impractienl, the 1

In proetieal terms. this hias meant that the spatem i< con-
structed to be able to meet peal domand fram existing

1, thronghont

generation sources at any time, Howe
most of 4 24<hour day—partienlarty at night—consumer
rotuive signifeantly loss eloctricity than thy syslem 1€
capahle of delivering. Therefure, the L8, electric power

sector s substantial spare capacity that eonld be vzed 1o

nr slectric vehicles withon! constracting ndditional

o
power gengration facilities, assuming charging patterns
wery appropriately managed

The Network of Infrastructure Already Exists:

1

Unlike many proposed alternative

fuele, the nation 2 ady has & ubim fetwnrk of

electeioity infrastroctore. No dimbl, electritieation will

require additional functionality snd increased fnvest-

nent in grid relinbility, but the rseetor's infragtrues

tural hackbone—genecation, ransmixsion, and distribn-

tion—{s already in ploce

The Grid will Get Cleaner, not Dir Clhanges
to the compositian of 118, power generation sources ar
likely to further enhanes the emissions benefits of plug

sing vehicles into the grid. For

codes, natural gas basel-
yl power genaration was disadvaniaged by the high cost
of the fuel. Natural gas prives regulardy exceedad thos
il caal, il were alse far more volatile Despite the fat
neralipn were gen

that capital costs for natural gae g

ally well bolow those agsocinted with huilding a new conl

plant, many operators opled for conl-fired generation

preferving o stable fuel price that was o relatively small
component of overall plant expenditures
Huwos

experinnced a revolution in recen

the LS upstroam nalural gas industry ha

irs The technology

o successfully oxploit uncomventional gas reservoirs

1l eoal bed methane=has unlocked o

shale, tight sunds,

onree. Shiale resorees in particular

vagt new domestic re

v boen o fandamental defvor in expanding U8 nataral

ne reserve estimalee Proved vesorves have ingrenced

1w 347 pereent sinee 2000, fromn 177 tellllon euble foot
ftel) bo 244 L™ You, prived rese present part
of the picture. The Colorado School of Mine enlial

Gas Commitiee cetimates that potentinl 118, gas reserves

000 Lef, rexulting in & thearoti-

could now be cloger to
el reserves-tosproduction ratio of nearly 100 yenrs at
nday’s comsumption levels
The cast structure for oatural gas production from
enghore unconventionsl resources is alen dhifting the
onergy landscape, A number of recent analyses siggest
W o significant porbion of LS resources can e pre

for lese than $600 per million Bta (MMB)

structural <hift In production sls—along with
stgnificantly rodieed industeinl domanit for ntnral s
during the recession—has placed substantial downwird
pre re an natural gas prices. A resnlt, natural
prices have approached parity with coal priee aumher
of times since 2008, making the fuel mwore attractive for

utifities. Tn fact, natural gas traded gt o discount to conl in

some regions in 2000 varly 2010

The availability of abundant domestic gas resonre

s Hkaly 1o provide momentum (or o shift | as-fired
prwey over the comin ' I'his shift v Inwer-
rhon fuel in plants that schiove higher oiicieney rates

il pesally in o reduced carbon profile for tie LS power

sect trendd that benafite electne drve hinology
Moreover, even in the absence of & nationwide price on
carhan, naw regulatory reqidrements may aceelsrnty the

rotirement of o portion of the TES canl floct
T Judy 2010 the Envirenmental Protection Agency
proposed new atr quality rules designed to peduce entis

siong of sulfur dioxide and mirogen oxidos from coa

firwd power plants The propesud e st roguie
the deployment of best available control technolagies

i reduction (SCH) und Nue gas

neluding selective catal

et igtion (FGDY unite sl conl-fired plinis
Currenily, only 103 gigawatt hours (gWh) of 115, coal
il electrieity generation contuing both SCR and VGD
wnids Thotght EPAS roles are not finalbzed oz of Octol

2010, trends in air quality mansgemaent suggdest n very real

wsihility that a snbstantial portion o s 1 el
will b turming over during the coming years, incrensing

the likelihood that E and PMHTEVs will be powsred by

fuel sourees othor than conl=most commonly natural gas



A Growth Sector for Jobs

Eighteen months after the offfcid end of the 2007

recession, the LS employmont outtook ramains troubling.

Current figures place the ofboial TLS unemployment rate

al 0.6 percent, and expectmions
11, v

Groal Necession officlally uniled in

¢ that the jobless raty
1l aboy .

will average 0.6 percent in 2( nermal level

In shart, whils th

2000, miany Americans are s waiting to feel the recovery.

"Though nearly all s

sctors of the economy have vet
1o resume hiring in earnest, manuineturing employment

line been hit particolarly hard, Sines the recession b

an
n)
million manufbcturing jobs, and total manubacturing

in December 2007, the United Stutes hi

shod nearly

prploymuont now stands at just 117 million warkers—a 52
porcent decling from Junuary of 2001 And while only 1
i 10 Americans are currently employed in manufactur-

ing, the erosion of the domestic industrial buse has clearly

stunted efforts o stimulale sggregnte joh ceoation
The pas

point i the global industrial landscape: 2009 marked the

severnl years also witnessed snonflection

IS mumtifseltiring capacity trailed

lirst year in which

Chinese capacity in its share of the world total™ The

ascendency of Chinese manufacturing can bo ultributed to

1 myrind of industries and factors, but if has in part been

driven by the rise of the Chinese motor vehicle Industry.

Chinese production of motur velticles firgt surpassed 118
it in 2008, and the gap inereassd by o wide margin

in 2009 Tolal Chinese vehicle production reached 13.7

million units last yenr—an incroa x-fold from

o nearly

{he begimming of the decade, and more than doulle the
total of £
Inthe Untted States, the twin sho:

7 million domestically-made units®

cks of vapidly esca-

Tating gasoline prices hetween 2007 and 2008 and the
severe rovession that followed through 2000 exacted o
sigoifieant toll o the st indistey. Total auto sales aver
iged 161 million annoalized units ip 20075 As oil prices

stendily rose throughout 2008, sales plummeted, fall-

A0 percunt off thetr 2007 mark ™ The recession and

financind crasts pushed mnto sales toa low of fust 02 mil-

lion annualized units in September 2009, and by August

2000 sales had rebonnded o just 118 million annualizes

units.“Asa

ssulbof reduced sales s declining dome:

output. the number of 1.8 workers building vehicles and

thelr componants has dropped deamatically Belwwen
2000 and 2000, folal Ameriean workers emploved in
motorvehicle and auto parts production fell by more than
50 pereent, from LI13 million to appreximatsly 560,000,
Elwatrification of transpurtation offers a rare oppoc-
tunity 1o counter these dynamies. Early investment In
advaneed hitlery monufacturing has put the United
States on compaotitive global foating for the jobs and

other cconomic benefits that could he assoctaled with

this tndustry. Dozens of plants building advanced bat-

tories and power electronics thronghout the rust belt are

already emploving thouzands of American workers. and a

thriving domestic market for electric drive vehicles could

dramatically expund this number

The United Stutes will face €tro

competition

for dominance over this sector and its assoclated ben-
efits. The Chinese government has pecently committsd
215 billion to an alliance of statr-run companies Jeading
reserch and develogment and standarttztion efforts

China has also anmine

for vehicles and infrostrocture will be funded hy Tocal

hitiows  plans o deploy

in up to 20 pilot cities in which strong incentives

rmment.

governiments as well as the opationsl g
Throughom Europe, high retail fuel prices and stringent

tailpipe emissions standards are driving sharp increases in

ellicency, ant electric deve is onong o handful of

technologies that ean meet newand fortheoming standards

Much of Ue technolog
vehicles—from HEV o PHEV and EV-swas fnvented and

develuped in the United States, mul significant government

that will power electric drive

investment is being allocated to stpport the industry, A com-
prehensive approach o supporting early demand for goid-

erithled vehicles will help capitalize on these invesiments

turing Outy




Market Outlook

As nresult of 5 ber of ic and te 1t

tactors, the outlook for the North American electrie drive
vehiele intustry remaine samewhat unelear. VS foel
prices ane celntively Tow by internationnl standards, and
the heame-and-bust cyele of oil prices has tended to make
musst constimers unwilling to invest Tn the higher upfront
vt ool e efficient vehieles Lawnikiers have also

1 T

strugeled to impl A cmpr 1=
potiey almedwt facilitating develog of the regnlitory
v bnfrsstevietural network needed to masimize the ben-
elits of BVs and 1'THIEVS.

At the same Hme, o nember of madar global auto-
miakers wre fovesting significant capital in the deeel-
opment of plug-in eleetric drivetrains. tn addition 1o
vohioles pxpeeted in U8 markets in 2010 and 2011—pri-
marily the Nissan Leaf and Chevy Valt—Valkswagen,
BMW, Mitsubishi, Toyotn, Hondn, Fard, Chrvsier, and
others have announced sigmficant programs (0 develop
and market EVs and PHEVS In some instances, these

ilments are a resp o iner Iy stringent

Intory req instituled by gover Hut
the pace at which major OEMe are investing in GEVs is
nonethieless impressive.

Sl a number of techanlogical and ceonomic chal-
lenges remain to he addressod belore electric drive tech-
nulogmes ean schiove mainstrvam patential Many of the
most sigmbicant challenges relute to battory technology,
The industry continues to work toward material reduc-
Hlons in battery price along with improved performance

LA LI

Total Monthly Annuatized Auto and Light Truck Sales
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metrics in some cases However, batlory prives are still
oo high for mest typieal consumers 1o consider purchns-
g electrie drive vehicles. Innovative husiness models
are emerging to deal with the high cost of capital asso=
clted with battories, It many of these will oltimately
depend of the residual value of the battery, which is vet
undetarmined.

Other challenges could fmpact the availability of
charginginfrastruacture both al home and inpublie Areli-
alile bpsiness model has vet 1o be demonsirated aronnd
pubilic charging infrastrocture and the cost of fnstalling
the appig Uiy in ¢ 5" himes okl
vary substantially based on the level of sophistication
requited. low consumers use and chinrge plug-in veldcles
will also have a direet impact on the electric grid: smart
charging will make grid-enabled vahicles an assel to the
prids unmamnged cliarging could make them a lability—
partieularly ot the distrbation Jovel in sume aress. A clear
path 1o o widely deploved eharging managentent system
hia ot vet heen outlined.

Al il these fnelors will aitect consiomer aceeplance
ol grideennblod vehicles As of Octgber 2000, Hhe Girst
save of ollerings for hoth the Nissan Leaf and the Chevy
Volt appear to be heavily subseribed. Nissan has report-
edly recelvod commitmants for all of the folly-electric
Loafs it plans to ship in 2010 and 20117 GM recently

e
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Median Forecast, U.S. PHEV and EV Sales Share (2020)

M~
EWPHEY " o Bew
' Vhache hates
. I '
i vers hbr pvay o

increased fls plapned prodoction of Cheve Volt vohicles
1 oae mueh s 15000 gnits in 2000, with o possibility
ol Inereased solumes n 2012 ae well ™ Despliie thes
encouraging announeements, the long=term impact of
electriftestion nfter these initial vohlcles hit the ol
rematns an opon question. Traditional hybrids provide o
caste v ornds i 2080 mans thim 10 years aftor the frst
gisoline olectric hybrids wore intenduced in the United
States, thers ave appreoximately L million 11EVs on the
road oul of a wtal of 230 million lighi-duty vehicles.™
Annual hybrild sales typically acommt for less than 3
pareent of new wuto sides and ey mako up loss than 1
porcant of the LS, light-dity prre.™

Simply stated, there sre o wide rnge of views regarnd-
it he commmereinl viab iy of plog-ln hybrid and battery
electrie vehicles, in the nited States and globally, A sqm-
pling of forecasts from gosermment agencles. finanolasl
institutions, consultancies and st imndustry analvats
revenls estimates ranging from essentinlly no uptake
of PHEVs and EV< 1o ag much as 12 poreent of new aufo
sales by 2020 The varintion in theso forecasts can largely
Be ntrributed o diferent assumptions shout toel prices,
The paee of bittery cost redietion, infrastretire deplov-
went, and grvernmeont policy.

This unevrininly has lod come In the battery indus-
iry Lo eaution of an imhalaners hetween investments in
hattery supply and investmuents in sapporting vwohiele
alloption, Ferecasts vary, but some estimates praject o

i e T E R 1 *yateitn B

passible 62 percont short fall in S, demand for ndvanced
Jergeeformnl butterles when vompared (o projected
capmelty, However, the pature and paee of theso cvents
will be critiead for dotermining the viability of the battery
fndustry 1F demand fafls 1o materialize vardy on. much
of the Tnvestmant in battery eapacity will be capeslled pr
fostponiond, wiggnificanily saiting Bock the ndustey n the
United States compared to its compotitors ahromd



Expanding the Demand Side

in prder o capture the most significant cconoemic onergy

security and enviranmental benefits electrie drive
technolagy, pelicymakers and auto industry participants
have tended to focus their sttention on light-duty vehi-
eles. Rased om the size and imiportanee of the market, this
18 loarly justiiied. The lehit-duty segment alone makes
up approximately 40 percenst of tolal T8 oil cansiap-
tion and more than 60 percent of oll demand in the trans-

portation sector.” The ligh volume of annual Hght-duty
sehicle sales—which even in sevore recessionary condi-
tions excendod 10 miillion units per year—also means that
even o relatively low sales penctration mite can result in
simificant uptake of @ technology in shsolole lerms.
However, in order 16 support davelopment of the
eleetric drive vehicle industry snd o help drive down
industry costs for consumers, allernative vehicle markels
contld be Impartant in the near-term. The early develop-

moent of the electric drive vehicle and battery industrics
wsthd henefit from a diverse costomer hase that can help
drive eritical volumes, particularly in the peried between
2010 and 2015, when eharging infrastructuse and con-

sumer acceptance issies will slow development of the

A Nive YOuK Tinens DOcge SOLnter paUg-rt Hybeied pectohe vt (FHT V), whikeh wift be e b
KA T0 et o8 T (sl o Uy BbUgan Byberd venichs o the East Cosdt atl con

Pt I et o et

personal-use passenger markel. Specifically, commoercial
and government Heat applications stand out ss highly
viahle market segmonts based an the operational needs of

the vehicles and the economic factars that drive vehicle
nequisition processes,

Haged nn total cost of ownership modeling ¢

ducted for this report. cammercial and goverinent
Reets could contrilinte substantial volume commitnients
markel The
eeanamic attrsetiveness al electrie drive vehicles in cer-

in the carly development phases of the G

tain applications —coupled with operational enhance-
ments and targeted vse of public pulicy levers—eonuli

commer-

drive grid-enablad vehicle penetration in 1
cialund government flegts to as much as 7 percent of new

acquisilions by 2015, In ageregate, the markel for EVs

and PHEVS in Mlewt apphications coulid Tead to comulalive
unit commitments of more than 200000 EVsand PHEVs
betwoen 2001 and 2015

L important o place these ligurs in contex)
Adophion of electrie drive vehicles by Need aperators
shanld nat be ennslilered us o stand-alone approach 1
increasing energy secniity throogh reduced petrolenm
constmption. Ultimately, the feet market is not signifi-
cant pnongh to deve substantial reductions in national

amyinget dulivary, i saan A 1, 2007 i Mew Yok

o U $0 20 MileY 1N 2ErotemmisMIon el ciiic mere oF 33 1
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1.5, 0il Demand By Sector

oil use. However, hased an currently annéuneed North
American production eapaeity, fleel operators could

represent the equivalent of up Lo 20 percent of tntal GEV

oy

ent capacty in 2005,

Plroally, loets would help put EVs ool PHEVS on the

road whore eonsumnrs can gee them, invressing femilbir-

iy with—and perhnps sccepiance of<this n

dixruptive

technilogy In some appl-

In the process, Heel npern-
tors wonld help expedite
the developmunt of seali
afficioneies in the carly GEV
industty.  Moreover,  the
tenitoncy of foet vehcles

e

to be higher miloage trans-

lates inte higher poter
petrolenm favings on a poer-
vehicle hasis  macimizing
the efficiency of varly, tem-
porary federal incentives
These  Ngores  conhl

represent substantial, realizable volumes during the

varly evelopment of thee 1E5 large-format’ lithiveme
fom hattery industry Fleel eustmvers wonld provide o
stahle costomer base aned much-needed cortainty for
manufscturers of hotteries, battery components and
other speeinlized PIEY and 5V parts, including cloctrie
mntors. Ultimately, the long-term predictability of large
fleet commitments conld help to drive cost reductions in
PHEVS

matkot In the process, Beat eloctrifeation woidid peo-

i BV it wonlil henefil the Broador consumar

duce alditional benpelits

Phest, fleot costinmmers would contribule friving

enrtyvolumes in charging infrastructure, While centrally-
parked fleets will hunefit from single point instatliation
and the ability 1o chaygo multiple sebieles pet charger,
oot customurs will newrly always profer Lo instal] Lesn!
1T €220%) or Level TI (4400 chargets of a dopot and per-

haps along reguently-traveled rontes aswell. Electrfied
fleets would alse belp utilities fo consider the impact
of PHEVE and B

emerging issues

s om the zrid and hegin responding 1o

modeling conducted for his report,

contld contrihute substantial
i voltime commitments in the early  Von. Butinother csses,

development phases of the e s

cathime, sneh as utflity and

Based on total cost of ovwnership  wlecommuinieations serde

vehicles or vurhan delivery

trucks, the bepefits of cone

l'r'HHHl'l'l'hIIlIlJt/llill cromaent sumer intersction will he

limitod o shmply observing
PHEV: and BVs in opora«

e reninl cors and takis. e

s owill agtysbly
Y prcerdeet,  provide consuimars with an
oppertanity te fnteract with
alogte e velpeles firsi-

Do, g comintonee theoneh eeperience.
Al ol thess b

lopriment of the sloctoie drive i ry—=the most o

spefits woukl support the lomg-term

ey

affnetion and technalogieally mature opdion foe addross-

ing Ameciea’s dangerons dependenee on il
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ABSTRACT

{ ] LITH e § r i { =t f1 )| } ;
(1 ISTry, while Datte! Hale ni \ nn niat LNel
(TIET i yrnerl I prove critical | Vil ieman Fleet vehicles porform a vaviety of inissions for foderal Iy Serving o5 o first market for sléeteic driv
¢ stite, and local government, and for vompanies that wloghes, Meal operators could gonerate o number of
In | Il el mrmel | nac rnmei | : il nee familiar to moardy all Americans. They are postal spalliwne Denefits for the broader congumer markel, g
rent (0 najor i\ \ I t o Lesd H delivery velieles, utility und telecam se trucks ing adoption on w wider scale, Fleet operators |-:n'. sonl
{ pharmocoutical sales vehicles, urhan delivery vans v putential catalyst for the mdustry-wide economies of
and e scale that will benefit thy comsmmer elogtrie drive ma
| rif nd maintenan . i1 . Differunt fleet operatirs take different »l‘-.m‘.‘.l. T l:-l*ul!\(v--w,uhr- If plitg-in vohicle adoption amon
the sy they segiire, operate. and manage their vehicles leel sperstors reached even 4 petcent of new acguisls
. nAa hicl \ (] " M e T Miles driven por day, refusling aptiong and the amount ions by 2015 the fleot industry conld generate deman
' of time veliches spend parked or illing can wiry signifi- for as muoch os 8,000 MWh of battery capacity. Incroased
n =t I conomic value | flont rator + P | nily by uperator and indusiry. Fleet operators also toke volumes from feet orders will also reduce the costs of
fiffurent approsches o balancing the tradeolls betwesy elecire powertrain components
n JIIMel rt I Talel I 10 ! [ | 10N utright asvnership sod leasing depending on filocin A sinsitar foapact condd be realized tn changing infra-
strotegies and cos!l considerations. In 2009, 80 percent of ricture. While tleet opetators will henelit from sin
MOrmovi e K "al s LACING W (2l a)| 1ol eI the feet cars and cliuss <5 tracks on the romdin the Uniled point Installation, the need to charge multiple vehicles
States were privalely owned; 20 percent were leased simultanecusly in some instances conld necessitnte large
il includh 1 S 1O Ivtrastructu 1NUgeE anxieaty “The top 10 feol loasing companies own and operate near! charging unit purchase orders, helping to accelerate the
1 million velicles in total * developmoent of eritical inetallution experionce aned driv
ind the maner uptront | 1S OF eniclas 'hamsi E The concentration of buying power associated with  ing early volume production of charge units
Neet operators and Meel managemenl companies repn Finally, Deet operntors conlt improve consamers’ per
muaht be mare easilv manaaed by tleel owns Finall sents o significant opportunity to assist the early develap-  ception of electric-drive vehicles by increasing thefr pubic
ment of e electric drive vebicle industry. Moreover, fisets exposure and facilitating Interaction with a new technol-
the mplementation of rporate sustainability inbiakn tend to possess i handful of important characteristics thal oy, Urban parce] delivery
may make thelr operptors more likely than typical consum- vehicles display spme of S ——— P —
INa numbear of Amer 1N DUSINESSS uld provige aade w1 1o take on the poteatial risks of electric drive vehicles the most familiar bramds . 4
The most significant challenges [acing consumer i corporate Ameriea, aned ¢ ) \
momentum for the nurcha f hiahly efficient electric drivi iy G N Ak Tl e T, KOGl e ey o i sk 8. &) | I( )I]
cost af the vehicles themselves—a cost driven largely by on city roads and high-
ehcl n Neel application: batteries—and the abgence of publicly availahle refusling  ways acrose the United
infrastructure. Fleet vperators reprosent a customer seg- States Typical consmmers
ment that ;may be able tomove past both challenges more iteruct with wility and
juickly than typleal consumers telecommunications service vehicles in thoir neighbor-

hoods evary day. Rental ears, taxi cabs and transit yehicles
offer even greater exposure. By demonsteating Uhe safuty
reltahility. and real world benofits ofalactrie deive lechnol-
ytes, Moot operatons can deamabically enhunce consiom

ary’ perceplions of HEVs, PHEVs, and EVs



Fleet vehicles operate in nearly all sectors of the econ-
omy and are important for a number of industry sectors,
In 2009, carporate smd commercial fleets in the private
sectoraceounted the majority of lleel vehicles in opera-
tion (VIO), with & combined 74 percent matket share
(8.8 million and 2.2 milbon, vespectively ) Public sector
Moets at the federal, state and local level aceounted o
v 44 mitlion VIO

In terms of industry representation, shirt-haul deliv-

the balance, with approxinte

ory sehicles sccount [or the lirgest share of VLS fleet voli-
clesin operation, with 28 percent of the total market share.

Stale and tocal government flecls are the second larges!

sy ment, tepresenting nearly one-fourth of LIS,

fleet velncles in operation nnd the overwhelning major-
ity of public sector vehicles Passenger transportation
upplications such as renlal cars, L flects, schoal buses,
and transit buses also account for a substantinl shave (16

percent of the total).

What Constitutes A Fleet?

5 ol fhis report, & flest is defined /e (O M ¥

sgated (fom & number of so

and industry publications suth as Automoti

t1e OEMS, ano other primary sources
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Fleotvehicles include the full spectrumofantomo-
tive sizesandweights. from pagsengermitomobijes aind
light-duty tyucks to medinm- and heavy-duty trucks

I 2009, there were approximately 4.8 million aute

mobiles and 4.3 million class 1-2 Hght trucks inopera

tion in fleet spplications. Class 2 through 6 medium-

e million. € 7

duty trucks in operation totale

and & heavy-dury trucks in flects

otaled 4.9 wmillion.

Transit and schoo! buses uecounted fur an additiony
0.8 million fleet vehicles 1n operation (See Figure 1A

for a hreakdown of vehicle elass by weight))
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As policymnk and andustry  participants  consider

options for accelerating the development and deploy-

ment of grid-enabled vehicles, it will be important to tar-

get o broad market. While high levels of adoplion among
perzonal-use passenger vehicles is the key lomeaningfully
improving American energy security, commercial and
goveanment fleet vehictes can help drive early valume
ramp-up inhatlers sanufacturing and vehicle component
supply chains. Thess seale effocts conld witimately henelit
the broader cansumer market theough reduced costs,

hould

be an altractive option for fleot owners in the very near-

Foramumber of reasons, grid-enahled vehicles
term. First, the decision-making process for purchasing
avehicle is significantly differint for most fleet operatoss

than it is for lypical consumers. While consumers often

focus on vehicle aesthetics, performance, and siyle, most
feet operators focus heavity on the bfe-cycle economics
of an acequisition. The lower vperating and maintenance
t
owners, particularly in higher mileage applications and in
el through haltery

right sizing, extended ownership periods, light-weight

costs of PTTEVS and BVs should provide clear value to e

<

s whore upfront costs can be o

vehicle components, and imovative business models

Secomd. feet own

s may b more prepared Lo alddress

the infrastructure challenges that many industiy ohservers

assttme will present obstacies Lo consamers. For fleets that

centrally park. single-point installation and the ability to

charge m
seale. Forfleets that hawe hughily predictable roules, £

le vehicles per charger will provide ecnnomies

needd

for public vehide charging opportunities could be minimal.

Total Cost of Ownership Approach to Acquisition

When usked, fleet 1

dilving acquisition decisions. Consumets, on the other hand. may purchase for «

renzons, including nest]

mugers runk tatal cost of vehicle ownership as the mos

gnificant factor
ety of

tics and style, in addition to cost. If electric drive technologies can be

proven to reduce total vehicle ownership costs while also allinving vehicle drivers to success-

fully aceomyplish ther pomary ohjectives teel manneers may be willing Lo adopt electrie dyive

vehicles snaper than typical consumers

Route Predictability

The most cost-intensive component in currenl-generation electric drive vehicles is the batt

P > Assutning a battery cost of $600 per KWh {industry-wide 2010 average®), baltery packs for Jight-

duty electric drive vehicles can range from $1.200 (o nearly ¢

figuration, Tn heavy truck

in coses where Heet vehicles

0000 depending on drivetrain con-

teations. pure EV baltories can cost as muoch s SA8000. Tlawever,

ave highty predictable ronfes sithy Tittle varintion Trom day Lo day

hatterfes can be right-sized to minimize excess capacity. reducing added upfrant imvestment in
I b

unneeded energy stotage.

e
s
o
A
-
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High Vehiele Utilization Rates
Fleet velicles lypically b

Nigher atilization rates than consumer vehicles Given the sipgnili-

cantly lower fuel and maintenance costs associated with electric drive technelogies, incrensed

utitization spreads high hattery eosts across o higher volume of e cost miles, increasing the

velurn oninvestienl The cesalb ooy Do thal Beel ppersters can more quickly seconp e higher

upfront costs ol electric dvi

Use of Central Parking Facilities

Fleets that make use of central parking dejut nthlic charging

wy e able to avold dependence ot

itrastruciure for EVs and PHEVS This conld be particularly troe incases whero daly miles Gavelod
are low. Tn cantrast, the successful deployment of grid-enabled electrio defve possenger velijclos in
the consumer market muy requite a substantial investment in public (shored) ehargimg infrestrne-

ture, vegardless of whether this infrastoucture s highly utilized o1 not,

Importance of Maintcnance and Service Costs

© costs for cerlain electriv drive vehicles may be far lower over the

The maintenance and servie

life of the vehicle than the ensts associaled with internal combustion engine vehicles Doe to U

simplicity of their design, EVs are expected to have the lowest rouline maintenance aud service

though PITEVs and HTEVs willalso offer savings. s ticulaly

nstsof any electric drive technnle

of tune or b high mileage mnges,

ut fleel applications that operate vohicles for Jopger peno

Teetre drve vohicles man represent asubstantiet cost sifset.

Lower Electricity Rates
The electricity rates paid by commercinl and industrinl consumers—those muost likely to make s
of feet vehides and contral refueding—are oflen sigmilicantly luss than those paid hy residontial
consgmers. The fuel cost per mile traveled 13 one of the key

d

e Lo dowar rides

ceonumie fectors differentinting plug

in electric drive vehicles from other technologies, and commercial and industrial pte poyers ar

bkely Lo benefit even more Lhah Lypical consinners d

Alternative Business Models
Fleel mansgers may beneit from altemative husiness models thit cas help facifitade sdoptioan of
electivduive technology. Froma hinmding peesprective, commercial lenging opesationsin the Tnited

Slates adhere 1o different norms than the passenger vehicle markel sl the osks nssocpded withy

bastlery residusds may be different. Floets ooy also Bave access oo hrosdes sel of highiy continizad

drivers. Tor example, rental cor comprnies aonld target EVs timeard urbam eastomer segments with

thedriving chavacteristics required to make EV adoption i suceess

Corporate Sustainability Initiatives

[ addibion {u the coonomic and operativnal wdvantages of fleets and flect speraturs commerciad

¢ consider clectriedrive vehicles inthe context of corporate sustain-

and government enterprises mg

alslity inttatives. The red smissions of vleetric drive vehieles may help companies moeel
Is

vsing less petralonm. Electric drive vehicles con facilitate progyess towsrd these uonl

cathon

mitigathon g i a nimber of ¢ riment entgrprises hmve also commitied ta

rpporate and gov




Total Cost of Ownership Approach to Acquisition %

Coinpared to fypical consumers in the passenger vehicle
ket Heel operators muy b more likely b take a total
enst of ownership (TCO) view when evaluating various
vehicle technologies. 1f electvie drive technologivs meet
the mission needs of # given fleet and can reliably dem-
onstrate a return on investment compared to an internal
cnmbustion engine vehicle fleet operators with an eye on
the bottom line should be willing to invest in efficiency
Comparafively, individual passenger vehicle consum-
ers may evalnate o vehicle purchaso based on mueh less
tangible vehicle charactoristics, including personal taste,
aestheties, and performance festures that they rarely
fully utilize, such as 3-wheel drive.

When asked, fleet owners rank total cost uf vehicle
ownurship as the most significant factor driving ncqui-
sition decisions Tn one recent survey af fleet owners
across mulbiple fleet segnients, 64 percent of respondents
indicated that cost of ownership across the service life of
the vehiele 1s the normal way that they compare vehicles
with respect to cost when making purchasing or lons-
ing decisions” Just 18 percent of respondents indieated
that the basic purchase price was the main factor)”
Within total cost, the survey found that feet operdors
rank acquisition cost as Lhely fisl priovity most often,

TIOURE 1D

fuel ceonemy or fuel costs as their second priority, ond
nther operating costs as thoir thicd priority.”

Understanding TCO

A vehicle's total cost of ownership represents the sum of
the capital and operating costs assoriated with vwner-
ship. In other words. TCO equals the fully-hurdened cost
of purchusing, refueling. and maintaining o vehicle over
the entire ewnership peried. For gasoline- and diesel-
powered vehicles, TCO components would include the
purchase price, the cosi of fuel, routine muintenance
costs (oil changes, tire rotations, ¢tc). and any more sjg-
nificant repair coste (engine replacement. el incurred
by the owoer.

For vlectrie-drive technologies, the TCO equatinn is
slightly mare expansive. A typical EV owner would incur
an initial capital ontlay. plus electricity costs, mainte-
nance costs. and the cost of purchasing charging infra-
structure. EV owners might also expect (o incur costs
assowated with the IT hackbone that that wilhmunage e
uterface between velicles and atilities. This evst could
be incorporated imo the price of electricity er it could
appear as a user fee for aceess to achargng network.

Two additinnal factors impact the TCO of buth tradi-
tional gasoline vehicles and eJectric-drive vehicles:

lllustrative Total Cost of Ownership: Traditional Ownership
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Residual Value and TCO
Many owners do notmaintain possession of a vehicle for
itsentire useful lite, Many times, an awner will seek to sell
or trade 1n a vehicle well hefore it reaches its full upera-
tional capacity. The residual vatue of o vehicle coam have a
stgntficant impact on the total cost of ownership, Today,
the used car market for internal combustion enging
vehivles is well-defined and mature Consumers can eas-
ily obtain the blue hook value of a vehicle, which can serve
as a minimum baseline. The condition of the vehicle and
the demand ina given market for cerlain features (horse-
power, hauling capaeily, ellicioncy, ete) con raise or lower
the residual value of an 1CE vehicle.

The picture for electriv drive technologies is some-
whal dilferent, In particular, the residual valug of PHEVs
and EVe (s cdouded by the lack of certamty regarding bat-
lery performance after lrge-format lithimm-on batter-
ies vxeeed their usefulness in automative applications,
Given the evrrent eosts for buth EV and PHEV batterjes

LT G0N AL I AT B LA

hasver n additional costs yeloted Lo capital Bnancing sver
its lifetime. More commenly, vehicles may be purchased
thronigh some combination of a down payment and a Joan;
or a vehicle may be leased, aleo requiring upfront capital
Each of these ownership models present the costomer
with a different value proposition. Cash ownership or a
high down payment and s loan wilbwisinize Uie financng
costs incurred over the swnership period. Vehiclo leasing
minimizes the smount of upfront capital associnted with
vehicle ownership. Inexchange. the ¢

NET agrees Lo pay
Tinnnce charges nntop of manthly payments that inchude o
depreciation cost for the capital value of the battery,
There are two common mrangements for vehicle
ownership in fleets The first s divect company o insti-
tutional ownership. In this case, a given organizalion
muy chiwise Lo purehiast, service, snd wamiain ibs feel
vehicles on its own. Thic is the most comman form of
tieet vehtcle ownership, As of January 2000 80 percent of
e cors wnd elass 15 trucks m lots af 1or mare wore

) value will subst

the absonce of an assamed
tinlly decrease the ceonomic proposition of the veliche.
Conversely, the possibility of n meaningfol value assigned
1o a used Targe-format automotive battery could sharply
increase [s economic attractiveness

Ownership Structure and TCO

A second variable factor that impacts total cost of owner-
ship s Hhe manner inwhich o vehicle is financed. To the
rimplest gase. a vebicle could be paid for in its entirety
upfront with eash. In this instance, the vehicle would

Febudr 1§

company, ingl v owned in the United States

The most common alternative to outright ownership is
soime form of vehiche leaging. As of January 2010, approxi-
mately 20 percanl of the
of 15 ar more were leased or managed by a third party "
vamillion curs

s arl class 1-5 Erincks in fleets

The 10 largest fleel lessors manusged o
and trucks i US fleets in 20095

Illustrative Total Cost of Ownership: Closad-end Lease
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Route Predictability

The fithuim=1on batteries that will power the nrst gen-
eration of EVs and PHEVs ta enter the marketplace
may be over-sized for the needs of typical consum-
ers in the passenger market. For example, on electric
vehicle with o chacge depleting ronge of 100 miles far
excevds the average daily miles traveled of individual
TS drivers in any region At 36.9 miles. average daily
driving distance is highest for mral driver< but still
low enough 1o comfortably operate 1 eharge-depleting
mode ol s PHEV-10 and simply charge at home al night ©
OF course, such statistics do wot account for multiple
drivers in a hnusehold operating a vohicle vach day, but
even then, average daily mileage totals are well below
100 miles™

Figure 1F presents the average daily miles driven
per vehicle in households ranging from those homes
that pwn s single vehicle up to those that nwn six. Even
aceounting for multiple drivers. the vast majonty of
vehicles truvel less thun 30 miles per day on sverage ©
Andyel the st commercindly avarlalile EVsand P1HEVS
will provide consumers with charge depleting drive
ranges that essentially sturt at 40 miles (though the
cange may be somewhat lower depending on the ronte
traveled and ambient air temperature). Allowing for the
fuct that opporiunities to charge these vehicles may e

% A7 Tkl A0
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Daily Miles Traveled for Each Vehicle in a Household
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avitlale i pubbic, the degree of over-specification 1s
even starker more than 90 percent of individual trips
are less than 30 miles.”

Purt of the rationale for extra battery capacity is
that consumers will be uncomfortable with the limited
electric drive range of PHEVS and EVs compared to their
petroleum-tired vehicles As aresult they may hesitite to
purchase PHEVS and EVs in the absence of an abundance
of wxvess range—so-called range anxiety Much more
imypreetant is e Gact thut averages often cliak significant
vartances, and that individual deivers may aften choose
totravel distances inexcess of the charge depleling mnge
of their FHEV or EV. In essence, today’s EVs and PHEVY
are being designed to provide for consumers’ longest
expected tnps, even if those trips rarely veeur. Ultimately,
this is clearly necessary: consumers do not purchase veln-
cles ased on ‘average’ needs

However, the need to oversize hatteries for the con-
sumer murket is a koy driver of vehicle cost. At today's
industry average prices, u 24 kilowatt haur (KWh) hat-
tery providing 100 miles of range coald add as much s
$14.400 1o the cost of a wehicle for the battery alone—33
peteent of the total vehicle eost’” (See Figure 1G). This
preminm will reduce the economic attractiveness of the
first generatiom of EVs and PITEVS [or many consumers.
Even though the aperating and fuel costs of a GEV may be
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el fower eover the fife of the vehiele, the upfront capi-
1ol eosts asgoctated with today & batteries are essentinlly
probibitive in the absence of government subsilies, with
pavhack perinds that can exceed 10 years This dynamic
could he particularly problematic in heavier applica-
tons that would reguire larger batteries for oloctric drive
tochnnlugies

Incontrast, leets may have the ability i right-size
hatteries for a given mission, therehy redocing upfront
vehicle costs, This ability stemns from the fact that the
predictahibity of mutes fevelod by feet vehicles is -
ticulurly high in some industoies and within certain com-
panies and government institutions Inapplications such
as an urban product delivery floctwith a fintte cnstomer
hase. individual vehicle trave) patterns can be highly
romfinized. For example. a bakery delivery trisck driver
mighl have aspecifiod sel of daly customers. The routes
travelod are well known in advance und recur each day
Transil and school buses are another exmmple of fleals
with highly routinized travel patterns. In other applicas
tions, such as o commorcial pareel delivery feel. the
routes may not be perfectly predictable, bat an mdividued
driver muy have o handful of large. consistent deliveries
(eommurcinl office buildings, for compled plis some
wilditional Jess predictable stops within an established
serviee territory, This high degree of daily mileage pre-
dictahility should also contribute to battery rightsizing.

Bevause the first generation of Hthivm-ion hat-
teries will represent such o large portion of overall
vehicle cost, significant savings in this area could have
ameaningful impact on vehicle econamics and pessibly
on Neer purchase deeisions Yor veample, optimining
the battery i u class-5 truck EV 1 provide 50 miles of
range instend of 100 miles of range would reduce 1imal
upfromt vehicle costs by nearly 20 percent. This Kind
of vptimization might nol be attiactive to customers

RATTERY COST VEHIELEEOST  BATIERY S OF VENIELE COMY
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in the personul-use pussenger vehicle spoce who will
whwavs want o be prepared for longer Gnfrogquent)
rripe bt Tor Geets with high route predictability, opti-
mization represents an opportunity to substantinlly
reduce uplrant costs and improve total cost econnmics
for crid-enabled vehicles

One important question rezarding batlery rightsiz-
ing 1# the degreo to which battery munufactinrers can be
Mexible i designmg batterics costomozed for vunons
mileage ranges. In fact, a number of battery OEMs repor?
That this kind of fexitility is relatively stranghtforwand.
Onee battery cells ure manufactured and instolled into
module units, pucks of varying sizes can be agsembled
Of conrse. Larger purchase orders wauld likely moke the
ecomomics of right-gizing battenes more compelling for
hattery makers.

Ultimately, ronte predictability may he among the
more important charaeteristies that conld facilitate
nptake of grid-enatlod vehicles i feet applications. Tn
addition to reducing uplront costs, high levels of ronte
predictability would reduer fleel opueators” dependence
on public charging infrastructore by allowing grad-
enabled vehictes 1o bo matchod with the behavioes that
are most conducive to their use Whereas o consumer
might average 20 miles driven per day, variance from
s average could necessitale signilicant mvestmant in
public churging infrastructure, cause range anxiety, or
relegate early EVs and PHEVs to secondnry-use status
Asaconsumen’s second automebile. the wilization rates
of these EVs and PHEVS may be low, and payhack periods
mav therefore he g,

In comtrast. & Heel uperatar with o lagh degree of
route predictability can employ GEVe in relatively high
utillzation applications with minimnl risk. To the extent
That public charging is required at all, investment can e
highly targetsd imd focused



High Vehicle Utilization Rates

A vehicle's utilization rate is essentially the number of
miles traveled over a given period of time, though there
are important exceplions. For example, utility and tele-
com service vehicles may run the engine and consume
Tuelinorder te perfarm certain auxdliary functions. These
functivns may make such vehigles strony candidates for
electrification SN, the most sbepightforward messire of
vehicle utitization is annos miles traveled.

In peneeal commereal sad corporale flecdvabicles (eml
o have higher annual miles traveled than passenger vehicles im
the comstmner niarket. Recently released strvey data suggests
that househokd vehicles travel between 7200 and 12800 miles
peryenr, depending on the age of the vehicles themselves ™

In contrast, the average anmual miles traveled for
stimlarly-sized velncles m a corporale feet application
are typically much higher. Data taken from a 2008 survey
of husiness fleel aperators sugeests thal average annual
miles traveled can range as high as 28.020 miles for cer-
tain light-trick applications ™ The average was closer to
23,000 miles for passenger ears.

Ultimately, however, high utilization rates present
hoth opportunities and challenges for electric drive vech-
nulogy, High ntilization provides the mast diree! metric
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for accplorating the effictency payback on an eleeinie drive
vehiele witha high upfrom capital premmium and low oper-
ating costs compared to an [CE vehiche At the same time,
vehicles with extremely high uiilization raies may not be
ableto rest for the severnl hours needed to churge depleted
batteries. Perhaps of groater Impurtance, battery elee-
trie vehiclos with extremely high utilization rates could
require multiple opportunities to charge throughout the
day, ane therefore aceess te multiple charge points Tathe
vase of a busiess flocbvehich with 28 000 miles alannual
travel, daily miles traveled could easily eeceed 10000
weekond Lravel is flly excluded This could necessitate nn
alternative charging technalogy, such as battery swapping
or fastehargng or ftoouhi make these fleots more likely to
adupt an HEV/PHEV versus an EV.

Twxas are good examples of high ullizaton flects In
certain environments—particularly dense urban areas and
citteswithahightaxiregistrativn fee—individualtaxisareon
the road hetween 16 and 24 hours per dav.™ The typical taxi
in New York City logs ns mueh as 100,000 miles per year ™
A i result, taxis would be unlikely adoptors of pure battery
electric vehicles in the ol of & specinlized charging
solution. such as fast charging oe hatters swapping. Berter
Place aiy end-toeend provider of vehicle infvastructure
netswork selutions. (s currently giloting a small fect of baxls
using swappible batteries in Tokya, Japan Tokyo, Japan.
and recently expanded the project to San Francisen, CA
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Some rental and car share companies also torget
extremely lagh ubilization rates In the case of car <hur-
g it is typically aptimal to minimize vehicle downtime
thronghout the day, which would allow enly for a short
charge period overnight, Daytime car sharing custom-
ers may not mind a quick stop at the gas station, but they
will be unwilling to charge a veliicle for the several howrs
reguired by Level 11 electrie velilcle supply equipment
(EVSE). Here again, access to fast charge or ballery swap
wonld be needed In eddifion. car sharing companies
report that theysvould need the ability to remotely moni-
tor hattery state of charge in order to consider EVs and
PHEVS, a capmbility not vet embraced by vehicle OEMs ™

Vehicle Replacament Cycle
Vehicls wtilization and other factors uitimately fred into
the rate at which o Heet replaces it vehidles In geneol,
feets that have high oitlization rotes tend to hive higher
replacement cycles, though there are imporiant excep-
tions. Forexample, a company or mstitution that ewns its
Neetvehieles may ehoose 1o hald on (o them (o the il 1ife
of the vehicle, 10 vears nr more, regardless of utilization
Thix could be advantageous if the vehicle ie highly spe-
cinlized and unlikely 1o be propinent in the muretplaoe
Nonethpless, highly utilized vehicles tond o approach
servive milestones more quickiy and operators often pre-
fer to sell these veliieles before incurring those coasts

Fleel survey data suggests thet average manths in
service for light-duty vehicles inoa corporats fleel apph-
calion are far helow the norms for consumer vehicles
(ust as utilization rates srw tar higher). In 2008, the
median consumer vehicle lifespan was 24 years for an
antomobile and 7.5 years for a light troek ™ In confrasi,
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Average Cycle, Fleel Cars and Light Trucks

* Wunlng @ Service

FLETT ELEATILTIEATION NOAIMLLY

compact cars averaged @ years i servicn in busmess fleet

pp white inter eargaverugod $4 years”

Light truscks averaged slightly higheraf 4.25 years *

Conditions m e broader economy can have a
significant impact on the avernge age of feel yehiles,
During the 2007-2009 recession. the average ending
mumths in service of Heet vehicles in operation inereased
by ax much as 10 percent in certain assol clusses™
Operators that owned theirvehicles strepinsly svoided
capntal expenditures that eould be pustponed through
wereased maintenmmes. With vehicle resale vilpes at low
lewels, pperators in commercil lease qureenents simply
helit onto vehicles for linger periods

e potential benefit of & shorter replscement oycle
15 the ahility of a fleet managor to maintain sccoss 1o up-
to-date fechnology. In e pessenger market, consumers
that hold onto yehicles for an sverage of 7 1o 10 years eould
ondd up driving vwhiches based on vheolete hattery technel
oy This i exacerhated by the length of vehicle warranties,
wihiich are currently centered on 8 o 10 veays and 100000
mikes or mone™ Some OEMs miy estahlish business todels
theat allow for hatbiery wpgradies over time, bot this is not yet
estublished. In the fleet market, wit operator cvcling Hiroou
vehicles every four yeurs wiil likely have rolling weeess Vo the
Dest hatterivs

Iental companies wee ni example of o feet Indusiry
segment that tends 1o hive high turmover eates, making 1t
apatontially stlmetive eption inrsceelorating the deplog-
ment of electnie drive fechnologies. Becanse the avornge
rental flavt pognires new vehicles as often us ovory 6. 10 10
months, the opporlunity may exisl v establish a pipeline
of frequent orders for electric drive vehicles
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Use of Central Parking Facilities ® .

Some fleets may also benefit from the ability to bypass
a handfal of the more challenging issues surrounding
infrastructure for grid-enabled vehicles. PITEVS and EVs
churge theirbatteries by connecting to the elect rielty grid
The type of connection aud the mfrastructure required
W support (L can vary significantly, directly impacting
charge times cost snd conventence. Moreaver, a <ignifi-
cant smount of uncertainty still exists regarding certain
key issues, including the amount and type of chirging
infrastructure needed: the business model that will sup-
port the construction of chargimg mfrasticture; and the
eriticul tunctions that will need to he embedded m charge
points in order to harmonize the interaction of plug-in
vehicles with the electric power sector

Private Charging Infrastructure

The vast majority of EV and PHEV consumers in the
passenger market will churge their vehicles ot o dedi-
cateel parking space overnight. In many cases, this will
occur in a private garage or carport, to which more than
half of city-dwellers and two-thirds of ether UK, drivers
have aeeess ' Some additionnl portion of private con-
sumers may have access Lo permitted street parking or

PR GENT, FEON e, Yabde £ 41
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Charging Infrastructure: Terms of Service

some other dedicated location on a reutine basis, though
unceriainties exist in this area.

For many drivers, the will also rep
an opportimity to access a dedicated charge spol. In
some cases, this will be a Level 11 charging onit installed
ina corporate parking lot. An alternative scenario could
be o rented parking #pot in & public parking garge,
fartliar to most urban commuters. Recent analysis sug-
pests that as much 1s 90 percent of PHEV and EV driver
charging needs cim be met by providing o dedicated
charging opportuntty at home and the workplace
For homes thal Inck a dedicated parking space. the mar-
ket has vot to determine how best 1o ensure aceess b
overnight EVSE

Important challenges will need to he addressed
befare home and workplace charging become prevalent
however. While drivers could in theory opt to charge their
vehicles using the standard NEMA-approved 110 outlets
found throughout the United States, most EV drivers will
apt for the convenience of a Level 11 charger, which can
reduce the charge time for a fully depleted EV battery o
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Expected Payback Period on Public Level Il Charges
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Operatizg a1 pesk ullizatien of 100%, the
peybach porasd for 2 chargel woshd be § pras.

betwoeun 8 and 7 hours, compared to as long as 18 hours
for o Level 1 charge. In addition, the rate af charging will
b eonstrained by the capaeity of the onboard vehicle
eharger, which is 3.3 KW for most light-duty GEVs today.
A Level 1 charger at 15A would recharge a fully-depleted
EV utilizing a 2.3 kW charger in 6 to 7 honrs
Home (nstallation of Level H charging will pros-
ent drivers with an additional cost that will extend
the payhack period for EVs and PHEVs Current
costl estimates tor Level 11 charging umits. range
from $500 to $2000 for the hardware alone™
The units currently qualify fur & 50 percent tax
credit that is scheduled Lo expire at the ond of 2010
(as of publication, the eredil has yel 1o be extended).
Installution costs can add several thousand  dollars
to the cost of a Level TE EVSE, and ean be particalarly
wspensive i panel wpgrades or other electrical pewir-
ing s required to support the 220v cannection.”
These ure costs that must be borne by the consumer, and
they can decrease the valie proposilion of purchasing an
EV or PHEV in certain cases

Public Charging

For most passenger marke! consumers, aceess to same
amaount of public charging infrastructure will be needed
in the early stages of plug-in eleetric drive vehicle adop-
tion. Sigrmificant uncerlainty exists rognrding the quan-
tity and type of chargers needed. hoswever. Some electric
vehiele advoeates have argued for deployment vl a dense
network af Level T chargers throughmit urban aress
in vrder to alloviate vange ansiety. particularly for EV

18 Your Lepacind Changer Libe
A wvarage vliiation rely abows £3% should redece the
charger's payhack pariod batow fhe 10 year expecied bils

. oA

drivers Others have suggested that the cost of deploying
o wide network of Lovel 11 charging would be prohibi-
tive. ind thal the need for pubic charging infrastructire
is el assoming deivors lave sccess to lome and /or
workplace chiurging as well as targeted opportunities to
use fast chargng technology.

Plug-in hybrid electric vehicles or sxtenied-range
electric vehicles add an additional layer of complexity
to the infrastructure argument. In theory, such yehicles
will require the absolute minimum amount of churging
infrastructure—a home or workplace charger—hecanse
even in the event that the battery reaches a zero stute of
charge, e gasoline-powered engine provides the driver
with practically unlimited range.

Nonetheloss. nearly all deivers of plug-in electric
vehieles—buth EVS ond PHEVS—will honelit from aceess
o public charging, For devers of allselectric vohicles
piblic charging will vepresont u practival nucessity Tor
trips that extend bevand the range af the battery, which
could inelude n series of ervands iver the cotrse ol i sy
Saturday. For PHEV drivers there §s likely to be astrong
dusire to maximize the number of electric miles traveled
compared gasoline miles. If for no athor reason, this will
be hecunse electneny-powered miles will be sigmhcantly
fess expensive than Tine-fueled miles.

Business Models and System-wide Costs

Perhaps the mostsignificant challenges facng D deploy
ment of public charging infrastructure will be business
meodel and cost Speatfieally, a proitable busimess model
for public chaeging infrastracture has not beew reliably
demonstrated, and the ability ol chnrger owners 1o recoup
nvestment costs will depend on nat only sitilestion, bu
whether they are able to enllect o premiom tor charging
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Primary Fueling Option by Fleet Size
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Al odits with this. the consumer st recover the cost of
an expensive hattery by defraying it over thme with com-
paratively cheap electricity. This essentially places an
upper limit on what consumers will be willing to pay for
public charging.

A single EVSE charging a1 3.3 kW per hour could in
theory provide nearly 80 kWh of electricity per day (or
29,200 KWh per year) Lo a plug-i electric vehicle, Given
that most chargers will not be used continuously, how-
ever, the true amount is likely to be considerably lower,
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upgrades In conjunction with predictable ronting or
predictable daily miles traveled, centralived parking
conlil allow PHEVS and EVs operating in leels to maxi-
mize electric miles traveled without the need to depend
on public charging infrastructure.

According 1o data accnmulnted by the US
Department of Commerce, 439 percent of trucks
in Neets of six or more refuel at their own facility.™
The practice of central refueling tends to be most com-
mon in larger fleets, with nearty 50 percent of fluets sized

Retail electrie prices in the United States viny
tially hy region, hut the national average is approximately
10 cents per kWh Gis of June 2000), 1 an operator were to
charge a premium of 20 pereent. they would receive rev-
enues (Jess overhead) of just $289 per year. For average
installed costs nf $8,500, the payhack period wonld be six
years—hut this assumes continuous (and unrealistic) vse
of the charge point. With ntilization still at a generous 50
pereent, plus the addition of operating costs, the payhack
period for public Level 11 chargers extends well beyond
the expected 10-year life of the charger.

Fleat Charqing Behavior

The issues alfecting deployment of private and public
charging infrastructure in the consumes market may be
ol stgnificantly less concern fora number of fieetapplics-
Us. allowing Lhem Lo more confidentdy move Torward
Inadopting grid bled vehicle technol Inpart, this
is Becanse wosubstantiol portion of fevt vehicles are con-
trally parked, centrally cefueled, or hoth, The ahility 10
weeess o central hub could allow for single-point installa-
tinn of multiple charge points serving multiple vehicles,
providing clear efficiencies in elecirieal equipment

1110 50 refueling al their own facility.”

Predictable routing—or al lpast a consistent service
territory—conld alsa play an Gnportant role in mini-
mizing infrastructure requiremdents o Geets o oot
applications where daily miles traveled are consistently
Tow, runge anxiety will be an issue of minor importance,
and the need for public chargers will ba minimal o non-
existent, In applications where miles traveled are higher,
but routing is predictable. siting public chargers should
Dbe straightforward.

Relueling behavior is likely to be one of the more
important operational characteristics for determining
the viability of plug-in electric drive vehicles in feet
applications. The issue isless ofan operational constraint
for PHEVs, though an sccessible infrastructure could
enable i higher fraction of charge~depleting miles versus
charge-sustaining miles. For EVs, refueling hehavior will
b of eritienl inportance. while it matters least for HEVS
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Importance of Maintenance and Service Costs »

Maintenance and service costs represent s significant por-
thon of the operating budget of inost fleet muanagers today.
1CE vehicles require a number of regularly scheduled ser-
vices as well as maintenance and replocement costs at key
mileage milestones. Regularly scheduled service events
coulit include oil changes
transmission and brake fuid As vehicle age increnses in
terms of miles, repair and replacement costs rise for temns
such s transmissions, hrake pads, engine components,

and other fuid service. such as

of annual operaling costs bn certain vehicle applications ™
For fleel managers, this 18 o significant expense. In fact
Neet operators tend W sell vehicles in advance of certam
mileage milestones or in advance of warranty expiration
inorder o gvaid incurring the maintenance costs—thongh
the cost may ultimately be paid in reduced residual value
The mudntenance and repair costs of electric drive vehi-
cles wre likely 1o be sinificantly less than thuse associbed
with traditional internal bustion engine vehicles This

and altimately the engine itsell

While all of this 1 no donbt true for vehicles awned
by typreal consumers, feel operaters are ke ly Lo be nore
acutely wware of the costs vver Hme. As internul combus-
tion engine vehicles reach certain mileage tipping points,
maintenance service can rise to s much as 20 (0 30 percent

Fihany =

i s residt of Ui fact that eloctsie dreive systems tend 1o hasve
fower morving parts and wear items thin intesaal combustion
vigines. The mainlenance savings are most significant for
EVewhich are hased on the simplest design, PHEVS thal tend
to operate in charpe-deploting mode can als sharply reduce
maintenance costs The beoefit 1s least sipnificant for HIEVS
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Maintenance and Service Costs as a Share of Operating Cost
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Lower Electricity Rates

The low—and stable—cost of electricity compared to the
relatively high cost of gasoline is a primary driver of the
ceomomic benelits of erid-enabled vehicles. Highly ef-
cient eloctric motors coupled with low electricity prices

result in EV

and PHEV
fuel  costs
that are as
little as 25
percent the

Commwreind vlevirioily rates
were A0 peevent less than

resplental pates i LW

cast associ-
aled with o highly eilicient inlermul combustion eogine
veliiele. And while oIl consumers will henedit from this
dynamie, the typeal ileel operitor may have an addi-
tonal advantage.

The average retail electricity pnce paid by all 118,
consumers was 9 cents per kWh in 2009 (real $2005)
However, there is substantial price variation across dif-
ferent end-use sectors of the connamy. Residential consum-
ers currently pav the highest rales, averaging 105 cents
per KWh in 2009.7 Tn contrast, commercial and industrial
users pay the lowest rates, averaging 9.5 and 6.2 conts per
kWh. respectively.” For commercial and corporate lleel
operatars, the likelihood that they will have access to
these lower rates sianificantly imyp s the co

®

In terms of tolal costs economics for grid-enabled
vehicles electricity prices can have an important
impact—though ultimately gasoline prices, vehicle utili-
zation rates, and battery costs are likely to have a more
stnificont mpact Sull in a hght-doty aulomobile flect
application traveling 17,500 miles pec year, the differ-
ence hetween residentiol und industrial electricity prices
equate to an approximate 1 vear improvement in the pay-
hack period aof an EV compared to a 30 mpg ICE vehicle
with gasoline at $3.00 per galion.

Anadditional factor assisting flect operalors may be
utilities” desive ta manage the relatively kirge loads that
will e assoviated with clustered charging. In the case of a
(et ol KV s or PHEVs charamg atacentraldepot, simulta-
neous charging of numerous vehicles could create a reli-
ability 1ssue fur the local distribution network. Therefare,
ubilities may provide strong financial incentives for fleet

operators o charge during off-peak hours

In pilot programs today, PHEV and EV drivers
accossing residential clectricity 1o charge their vehicles
receive e discounts of 30 percent or more during off-
peak hours, While similar programe for camnmercial and
industrial rate-payers are not yet widespread, it will ho
Just as important =il nol more so—to meenliviee leel
GEV ¢ s to charge off peak. I part. this gosl can

of PUEV and EV ownership (or a given vehicle size.

. DVIE AR 30 e 811

flauns 10

Average Retail Prices of Electricty

be met through the establishment of extremely high peak
power rates. (INilities will also likely work closely with
Iarge fleets to install charge management functionality
that can be emploved if needed.) Of-peak discounts may
simply provide an additional price incentive,
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Alternative Business Models

The norms surrounding vehicle financing and acquisi-
tion m the commercinl tleel imdustry ave signdicantly
different than those in the passenger vehiele markel.
This is partienlurly true fur light<duty vobicles, but also
applies to s sigmificant portion of medium-duty trocks
The most important difference is the dommmance ot
open-ended leasing in the commercial space, o practice
that has important implications for capilal management
uswell as battery residunl value risk

In s conventional lease agreement. an upfront down
payient s wccompanicd by fixed monthly payients
over  predetermimed time period, number of miles, or
hath, Atthe end of the lease perjod. the lessee returns the
wehiele 1o the lessin, who is then responsible for selling
or reloasing the used vehicle In other words, the lessor
holds the tlsk of rocovering some amount af cesidual
vadue from the vehicle In leet applications, this type uf
‘closed-end Teaximg 1 not thee norm. bowever, aceounting
for less than 10 percont of commeretal lease transactions
mautoiobiles and class 1-5 trocks.

In the United States. the standard commercial
Jease agreement is a lorminal rental adinstment clavuse
(TRAC) lease. or open-ended lease model. Tn this model,
the term of the lease is lefl open-ended and Lo the cus-
tomer's diseretion. Generally o one-year minimum

applies with thiy renewals th . However,

when the costomer is prepared o end the lease, they
assume responsibihty for the vehicle's resale value 11 the
vehicle sells for an amonnt that is greater than the hal-
ance ol the undepreciated lease value. the lessee earns
areturn, If the vehicle
ated lease value, the lessee must pay the difference “Ihis

I1s for Jess than the undepreci-

approach wives the velnele operator a strong imcentive to

TiRust

Sample TRAC Lease Outcomes

keep the vehiele in good eondition in order to masimize
its value in the nsed vehicle market

figure 1R demonstrates the net result of TRAC
release for an individval vehicle in three cases [T 1he not
proceeds (upon asset sale) exceed haak value, the lessee
tor flect operator. m this case) receives the excess back
as o refund of previously paid rentals. [ the net procepds
are Jess than book value, the difference is pand as adidi-

tionnl rentals

Under current Jease aceounting gubdelines, a TRAC
lease may be treated as an operating or capital lease
Mereover, there are generally no excess-mileage or wear-
und-tear restrictions (vs, traditional “closed end” leasing
miodels) Lo pffeet, the TRAC lease provides similar flex-
Ihlity to wnership, bt allows Lhe feet aperator o hal-
unee the increased capital cost with lower operating costs
10 best realize the total life-cyele cnst savings,

Other Emerging Models

Due to their Jarger purchasing power, aceess ta capilal
ond ability 1o structure (moncial packoges with other
participants n the electric drive vehicle imdnstry, fleet
operatars may also benefit from the ability 1o leverage o
number of emerging allernative huginess models in the
electric vehicle industry, 'These modols may lpact the
way fleat vperators own amd e batteries and infro-
structure as well as their ability to mateh EV capahilitios
withappropriute drve pallerms,

Paying by the Mile

The low cost and refative stability of electricity prices
provide drivers of EVs and PHEVE with a faicly high
degree of certainty regarding fuel cost over time. This is
in stark contrast 1o vehicles fueled hy petroleum, which
are subject to the high volatility of gasoline and diesel
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Change in Crude Oil and Gasoline Price (2000 - Present)
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prices. In the case of commercial and industrial enter-
prises that run fleets as part of core husiness functions,
this volatility can cause significant budgeting and cost
management challenges.

This volatility is often difficult to plan for; it is the
result of complex dynamics in the upstream global oil
market and downstream refining industry, as well as
federal, state, nnd local tax policy. Recent hislory pro-
vides i case in point. After steadily rising between 2002
and 2007—and ultimately surging to record highs in
mid-2008—crude oil and refined product prices crashed
in lute 2008 and carly 2009 Today, while ctude nil
prices have regained significant strength fo average
hetween 875 and $85 per barrel, gasoline and diesel
prives ure somewhat below what might ho expected.
This is largely the result of weak domestic domand in
the United States."

In cases where EVs or PHEVs would meet their
mission requirements, fleel operalors may he willing
to hedge against petroleum fuel price volatility though
clectrification. One way Lo do this would he to package
the high cost of batteries with the low cost of electric-
ity in a =ervice contrict siimilar to cellular phone pack-
ages offered by telec ications P today.
Instead of purchasing a inonthly “minutes” package,
a fleet operator could purchase o monthly “miles”
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package The cost per mile could include the value of the
battery, charging equipment, and electricity.

In the United States today, the cost of such a pack-
age might b very near to the cost of gasaline per mile—
perhaps even slightly more. However, an operator that
locked mto such » contract would be able to confidently
plan for lleet operational costs over ime In Tnct, (or
fleet applications that have a high degree of canfidence
in the number of miles traveled per vehiole per day, this
model could provide near cerlainty in budgeting apera-
tional costs To an era of highly volatile gasaline and
diesel prives, that is likely to e an extremely valuable
henefil of vleetrifheation,

Infrastructure Bandling

Just as the high eapital cost of batteries can be ollsel
through vehicle leasing, there should he nothing o pre-
vent the cost of infrastructure from being fimanced over
time. This is certainly true in the passenger vehicle mar-
ket, where a number of providers have announced plans
1o provide access to home and/or other charging facili-
Lies for a monthly fee. Mowever, infrastruciire Fnancing
could hive important ramifications for flect operators
thal may need W purchase a significant number of char-
gers to support multiple vehicles.

One option for infrastiucture financing may be to
include it as prrl of energy efficient building retrofils A
number of market purticipants have emerged i recent
years offering to finance the upfront costs of improving
hutlding energy efficioncy in exchange for aportion ol the

® e 0

associated cost savings over time. When implemented
successtully, the resull is o more efficiont building thal
generates lower heating. ventilation, and air-condition-
ing hills=all while gusranteeing a revenue stream to
the service provider. Efficiency improvements may also
allow commereinl tacilities to qualify for higher environ-
mental certifications in programs like the Leadership m
Energy and Environmental Design (LEED) program

The inchision of vehicle charging units in building
retrofits conld be o low copital cost, low-risk opportu-
nity for conmercial and industrial entities 1o support
their use of EVs and PHEVs. However, other possibilities
extst lor financing leet infrastructure al commereial wnd
industrial locations. In particular, loeal utilities may see
vehicle charging as an opportunity to sell more power,
and therefore may develop business models arpund
providing floet operators with aceess to chargers for a
monthlv fue,

Conversions

Forsome eot operators thatare able to hold ontovehicles
for an extended period of time, drivetrain conversions
may provide a relatively lower cost option for nlilizing
PHEV ur EV technology. A conversion simply replaces
the existing JCE powertrain with a new EV or PHEV
powertrain; the rest of the vehicle is retained. Therefore,
conversions are likely to he most appropriate for heavily
depreciated assels,

PLERY ELECTIUPNIUATION ROALRMAY l o

PHEY or BV comversions could it withim the opera-
tional norm for some panies today. For exs L in
certaln service applications, calendar lifespan of a typical
vehicle can be in excess of eight to 10 years. In instances
where these vehicles also log high miles—waste removal
trueks. for esample=feet operators Woday somelimes opt
tor a drivetrsin replacement rather then imenrring the
cost of purchasing a new vehicle.

A nuniber of companies today are marketing PHEV
or EV drivetrains as stundalone products for both con-
sumer and commercial conversions. While the consumer
market may have potentinl, the value that many deivers
place on vehicle appearance and age may imit the size of
thie el conversion market However, in fleet applice-
tions that derive utility from masimizing the operational
lifespan of w vehicle. PHEV and EV powertmin canvor-
slons could reprosent o significant cost savings. The
murginal cost of an electric drivetrain compared to an
1CE drivetrain is likely fo be less than the marginal cost
of replacing a complete ICE vehicle with an electrie drive
vehicle. Yet the foel savings-potential of GEV conver-
sion is essentially the same as 4 new ssel. Fleet opera-
tors who opt for canversions will have & smuller upfront
investment 1o pay back hut will benefit from the same

operational cost savings as operators who purchase their
vehicles new.



Corporate Sustainability Initiatives Q

Curparate sustainability initialives aim to incorporate a
more proactive slance on social and community issues
into an organization’s care husiness functions. by addi-
tinn to improving brand Identity with enstomers and
business partners, investinenis in sustainabilily pro-
wrams have alse been found to boost employes satislac-
ton. retention and loyvalty™

Wiitle i the past, corporate sustainability was oflen
viesved wath shepticism as on atlempl by Hems Lo prove
thivir “green credentiale” (U s now becaming an increas-
ingly important part of carporate strategy. In addition
o tmproving brand value, sustainahility initiatives can
redoce costs sl dove improved fnancal perdormance,
As a result, corporations and governments are investing
substantiol sums in sostmmabdity inttiatives. In 2010,
the TS sitstainuble business market is estbnated to be
warth $27.6 hillion.”™ Over the 2009 to 2014 pericd, the
value of this markel js foreeast Lo experionce a 19 per-
cont compound anmal wrowth sate o $65.9 billion.*

Foar a pumber of firms and government agencies,
adopting HEV:, PHEV: or EVs i fast hecoming a vrnsial
coimponent of hoth cost saving and sustainability strat-
egles. Coca Cola For example, constdered the worlds
most vatuable hrand ot over 370 billino. had deployed
mare thun 300 diesel-elecirie hybrid trocks by the vnd

Fard Mator Campany's Transil Connect Diectiic vwhicie in Chicage, Mins.

of 2007 a4z part of its effarts to use more Hiel-efficient
modes of delivery® Others major firme, including
UPS and FedEx. have all begun using slandard 11E
In addition

for delivery purposes I recent vears
some firms and government agencies are already mev-
g toancorparate KVs and PHEVs into ther vehicte
fMeet. In September 20100 the TPepsi Co. subsdiary
Frito-Lay anneunced that it would rolloutr 21 Smith
Electric Newton delivery trucks this vear Lu be Tollinwed
by an additional 150 Smith EVs in 2001 These trucks
will serve the metropolitan aroas of New York, NY;
Columbus, O and For) Worth X fraveling up to 100
miles on a single churge. The vohicles will be centrally
recharged at distribution centers.” General Electric Co
recently apnounved the largest purchase of any major
corporation—=25 000 grid-enahled vehicles that will be
integrated into their sales fleet over the next 5 years
accounting fur approximately 50 percont of their totul
fleet of sales vehicles  The first vehicles purchased by
GE will nclude 12000 Cheve Volt PHEV:

I part corparate goals related to petrolenm redoe-
tion and greenhonse gas abatement are playing o role in
the varty decision aaking process of hese el meners,
However, the shift from petroleam-powered vehicles
to electecityv-powerad vehicles alg ofters an improve-
ment in u company’s opernting madel, rand-imaging.
and hottom e Anancial performance 1 many cases
Treaddition, GEV sustainability initistives reduce a com-
puny’s exposure to volatile fuel prices Unlike internal
sustonulillity imlistives, which fioms must promoie
with expensive marketing campaigos, GEVs are their
awiy unlguedy visihle advertisements—u persistent and
convincing demonstration of their commitment to sus.
tainahle business practices—thal serve a critieal oper-
ating funchion: The henelit they bring (o the company
brand image 12 almost cortainty positive

LU A
GEVs in Dparation in Private Sectar
Flents, Glohal (End 2010)

fite i ity - W (=)

Enterprise Renl=A-Car i sel to add 50D Nissan
Teals toats rentul feel, Hertz as planning o voll ool o
similar GEV rental and car-sharmg program i 20007
T adiition te taking sdvantage of lower operating and

maintenmce costs ad strengthening brand fmage ss
technologically advanced. envirnnmentaily-conscions
firms, Uese moves have the added benefit of spilling
aver into the consumer realm tand aiding the transition
te GEVE more broadiy) by enabling drivers o lest and
experience {he technology before bhuying or leasing &
vehicle of their own

It i important Lo note that today's sustainabilily ini-
tiatves wre about much more than brand enhancement
and eorporate “gree nwashing ” The decision-making pro-
cese that companies are using b evaluste EV and THEV
prrchiases affers peespective on therr goals Foresamgple,
Juhnson Conteols Building Efficiency reparts having
utihzed & threestop process (o detenmine the “sweel
spot” fur electrdicntwn m ils et of 5200 service vans,

The process
battery and drivetrain technoiogy to the correxpanding

designed to match the proper vehic

paylond requirements, deve cvcles, and dover profiles.
By evalut-

resulting in reduced lif

o aperaling o
ating indsslon needs deive patterns. and working closely
with actual drivers, the company wag able to identify a
significant portion of 165 teet that has the potential to be

eleetric—as many as 370 vehicles

el v
Commitled GEY Purchases in Private Sector
Fleets, Global (2011 - 2015}
X | 2,000 Yehuciei
| | I In___
e S e (o MR P e T

Finally state amd local governments have also
recontly signaled their commitinent 1o incorporat-
g eleetr dreve technologies o oot spplicalions o
November 2010, Better Place amnouneed o partnership
witly the San Franvisen Metropolitan Transportation
Commitssion amd the bay Area Air Quallly Managemen!
Dhstriet that will resalt in the deployment of inore than
o0 EV taxis to the rogion The vehicles will be supported
by 4 battery swap slations * Numerous citivs throgh-
out the nation have algo begun rolling out hybrid transit
buses m fieets, and the foderal government has man-
duted VIEV purchases by avencies when the technology

isvostaeilective
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ABSTRACT

The orlginal Zlectrificution Koadmog identified four key
challenges that cauld impact adoption of plug-in hybrid

md electric vehicles among consumers in the personal-

use automotive markel. These challenges inclinled:

The high cost of the vehicles themselves,

driven largely by the battery
2. the lack of @
infrastructure
. the need o enable successful vehicle-

lahle public charging

i

utility interfave; and

a lack of mainstream consumer accep-

*

tance of grid-enabled vehicles.

As outlined in Part One of the Fleet Blectrification

Roadmap, commercial and government fleet opera-
tors should be well-prepared to address o number of

challenges. By matching the proper vehicle, bal-

tory und drivetrain technology to required pavioad
requirements, drive eyeles. and usage profiles, fleel
ize uplront fnvestment costs

operators can minir

Tota) investment in public asd private charging infra-
strueture can also be efficient and optimized. Perhaps
west importantly, grideenabled vebicles could appeal
to a significant ninmber of Qeet operators niote quickly
i the
o, flewt nporators

than they will appeal Gy mainstream consumers

porsonal-use anto market In that c

would aecount for eignificant enrly demand volumes in
the developmen of the large<formal battery industry

in addition 1o catalyzing the ramp-up of electric drive-

train cornponent supply chains
Nometheless. the basie structure of challenges

inhibiting mainstream consumer adoption can be used

Lo identify potentinl chisllenges and preblem avens that

vy need Lo be sddressed i order ta hielp facilitate com

nerctal amd governtent fest adoption of GEVs. The b

vosts of battery and vehicle drivetrain components are an
hvious example. High costs for hthium-fon batteries wll
fmpact e ceonmnics of GEVS for flects st as they will
forconsumers. In fact, hocanse many of the electile drive-

duty trocks

teain supply chaing for medivm- and ho

v parbieularly immoture Loday, Lhe st G conning
o market in these segments carey a price premivm well
whove what would be expected baged onoa “should cost
nalysis of analogous Hght-duly components

While the need for public charging infrastroeture

less of an tssue for many Deets, (Ucould be important for

same applications. [y particular dlects that wod o b

T ddaily muales travelwd sand high utilization rates—soch

taxis or long-haul delivery vehicles—conld e highl

wglng infrastracture. 1o fact

dependent on bl
extremely high utilization rates of taxis could necessitate

wecess to fast charging or battery swapping as i m
maintain high levels of aperation. And sehile this may be
ppeating from a technical standpoint, the cost of such
systems could be an issue. Morvover, integrating the

charging of fleetl vehicle buttenes wath the electnc power

s—challenging thun

sector could nctually be more—no
integrating typieal consumer vehicles in samo cases
Inaddition tn these challenges, commercial amd gov

ve Lo pnage i sed of fiseal

rivment fleet pperntors wil

hdpets and vperational challenges that i some cases

e anialogous to bypdeal consamers bal ean also bo guite

difnrent. Pedern) o niment ngencies, or example, ar

ultimately highly constraimed in ma g Hhelr binilgetrs

ind the focos tends 1o e on pear-term eost reduetion
s opposed 1o long-term savings (thoogh emigsions and

¢ nerepsingly altering this

tel-oificiency mandates
fynamic). In the privade secior, feet operators do tend 1
focus on lifecyele vehicle costs, though they also carefully

manage e tradedlfs belween investing capital in new

velhiel raus other productive use



Technojogy Costs

Battery costs assoiated with the first commercially avatlable electric drive vehicles will result

in a substantisl overall cost premiom. Current battery technology is descending the cost
curye as volumes incresse, but gome fleel applications may find it difficult o realize a return
o investment in a reasonuble time period. Ultimately, fleet operators may be more willing
than personal-use consumers to consider mulli-year paybacks, but they will still wunt to see
relurns relatively quickly. Al the same time, high mileage fleets may feel thal charging aper

tions impede fleet mission.

Capital Expenditures vs. Operating Expense
There is typically intense compelition for capital within a given company of lustitution.
The high capital cost requirements of today's electric drive vehicles, particularly in appli-

cabions heavier than a passenger astomobile, will prove challenging for muny fleet opera-

tors

on extremely large businesses muy unwilling to tie up capital to support substantinl

volumes

of electric drive whicles. Allernative ownership models, such vehicle leasing

provide a key solution to this problem. but battery vesiduals represent a key uncertainty for

custome

Battery Residual Value

Today, estimating the residual valoe of nsed large-lormat antomotive battenies is an educated
priess ab hest. Tnlarge part, this i simply an issue of experience. Spfficient emplneal deata can-
not asd will mot be collected winte the first several hundeed or several thousand PHEV and EY
batteries reach the end of their useful life in a real world automoetive application. Early test
duta stiggests that lithium-ton batlerdes may sl possess 70 1o S0 percent of their ability
store energy when they sre no longer fit for antomotive nse. Bul this needs to be borne out by

practical experience.

Fleet Infrastructure [ssues

0 for Meets Ut centrully park, Ui cost of installing charging infrasteuctune muy be of
nificant. With |

chargers Lo support o feel of several dogen B

el 1T eharger costs averaging £2000 per unil the eost of instatling enough

= or PHEVs coolit be challenging Level |
charging may efler fislee chismge times and reduced uml requirempnts, Imt costs e sUL og

high

Utility Impact of Dense Charge Networks

Hrnging a small fleet of EVs or PHEVS into a small charging space will bring an anusually

high burden to those areas and may require upgrades 1o the Jocal utility distribution network
In particalar, mnsformers surving chorging facilities muy be insufficumtly robust Lo support
the simultaneous charging of multiple vehicles. Utilities will need access te information and

regulatory support Lo deal with these and other issues

Market Perceptions
Perlinps the most eritical challenge affecting fleot adoption of electric drive technalugy will
be feotl adoplers impressions abantl Dhe techmelogy and its ability to mee! their operational

needs. Bven when s competling cennomie casi xists, et operators will need Lo be contident

that the vehicle can accomplish the mission.
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Technology Cosls

Electric drive technologe—HEV. FHEV. and EV—will
likely carry o sygmificant upfront cost prendum over
mternal combustion engine vehicles ncross all vehicle
sizes. While feet operators may be willing to evaluate
the costs and savings of cperating electric drive vehicles
over the entire life of the asset, it is nonetheless impor-
tant to understand the key drivers of technology costs,
I Logeeted o the pght fleet applications, the cust pre-
miutm for electric drive vehicles can be quickly recevered
throneh aperationsl civings. Alternative business models
avay also play i role, In geperal, batteries ate the key cost
driver for electric drive technalogies. though powertraimn
companents and infrastyneture are imortant as well

Batteries
Battory costs vary by chemistey and by the tvpe of drive-
train for which they are optimized. Lithivmeion batter-
1es optimized for light-duty HEV applications eurrently
carry an avernge cost of SLED0 per KWh.' The cost is
slightly Wigher for FIEV halteries aptimized {or heavier
applications. These batteries are designed to provide
swnilicant power support to the mternal combostion
engine during certain driving functions like sceelervatinn.
Because HEV hatteries tend to be smaller relative to the
Iatteries needied hy PHEVs and EVs, they carry a lower
costinabsulute terms

Lithium-ion hatteries for PHEVs and EVs currently
averoge $600 per kWh. Theso batteries must be opti-
mized to carry i large mmount of energy to power autono-
mous driving during charge depleting mode. The amaount
nf energy required for PHEV applications is somewhat
less than for EVs, so these batteries must also balance
power and energy. The result (s that PHEV balteries can
be mure expensive than EV batteries ana per kWh basis
Roth EV and PHEV batteries represent large shares of

°

total vehicle cost. For example, a 16 kKWh PHEV hallery
wan euate Lo 24 percent of il vehivhe cost, whalo a 24
kWh EV battery can equate to as much ns 33 percent of
fimal vehicle cost© In heavier applications, this share con
merease as the cost of batlery management components
alsoinereases

Battery Life

Battery lifie can be messured in terms of calendar lite.
bt eycle life s the most enmnionly cited metrie, Cyveling
vefers by the process of discharging and vecharging hat-
teries The eyeling ol lithiven-ion hitteries [ most detri-
mental o their health when they are deeply discharged:
that is, when they energy is 2o completely dopletod
the remmining state of chirge nf the battery is very low,
Alteroatively, hattery health is also severely damuged
when the battery s held at o very igh state of eharge for
Tnng periods of time. AL a practical level, the deleterions
effects of deep cyeling and overcharging result in o mpiid
reduction of u=able haltery capacity, Tn an electrlc vehi-
e, thiswould ellectively shoiton the vange of the carand

ultimately eot <hurt the calendar lite of Uie battery, The
first gen,

tion of Large-tormal lithume-wos hatleries is
tarpeting a cycle life of 1500 16 4000 eyeles * AL the most
busic level o binttery with o 2,000 cyvele lite wondd Tast the
average driver sbout 8 vears if it were Tully cveled onee
wach day,

A maore tangible melric for many drivers moy be the
mileage life of their hattery, Battery miteage life will vary
depending on the evcle history of the battery, the way the
viehiiche b5 idriven, and the dovetruin configuration, HEY
batteries. for example. will have mileage lives as high as
250,000 miles or mare, becuusy thev are cveled extremels

e 14

Rattery Cost by Size and Type ($/kWh)

AATIERY TAPE BATTERY SITE ot 1015 2000
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narrowly. Alternatively, EV balleries ave lurgeling 150060
miles over the lite of the hattery

Cost Drivers

Toabate, a lack of scale has heen Lho mnst significant incior
behind ligh battery eosts. A much as 70 peveent of the
cost of lithiume-ion cells is refuted 1o vaw muterials, and
calls acconnt for 80 percent of pack coste Small improve-
mimts in cell productio costs, while dificult, con there-

research conducted by the Department of Energs. o plant
that is capariticed to produse 10000 batlery packs pep
vear s apgosed to 00000 will lisve batters costs that are
approxamately 60 percent to 80 porcent highor," Ina Moy
2009 Department of Enargy review, resoarch was pre-
sented that indleated wsing current materials and current
processing teehnology, sealing upr o GOO000 unity per
year would drive the cost of PHEV packs down 1o $3653

fore live o significant mapact s pack costs Accnrding to

o PWT W sy e e

Nameplate or Usable Energy?

W descriting the cost anc performance metiics of {oday's large-lormat autermative batteres, it (s important to g linguish
batween nameptate’ and “uszble enargy’ Mamentate figures assign a valie—tor exampia cost of capacity=1a the enfire haltery pack
and tivicde that figure by the maxmum number of kilowsil howrs of haltery capanity. The namepiatz cosi of 8 ballery teliscts the
total cost of the hattery divitdedt by the total numbst of Kilowalt hours (KWHI af caaacity, Therzlore, 3 pack that costs $12.000 and ha
24 %W ol capasity would have namezdate batiery costs ol S500 por kWi

Hurewe, in peactice the nameplate energy capacity of fosay's atteries 1 not tymcally fully utiized Mast battery supsiizrs ars
bkl i 3 reserve marg'n al the dow- and high-end of the battery’s state of chate (o avold tverheating and sxcessive discharpe
in some cases, this reserve portion can rapessent up o 30 pereedt of a ballenes namepialn capacity. In ofher words, o 24 KiWh
biaftery with & 50 pereent stats of charge reserve mangin ondy hias 12KWh ¢l sablz energy, In 1his case, (he $12.000 hattety walld
ave usatie sneny costs of $1,000 per kWh

I general. nameplate canacty 18 M mare commendy used medie Iy industey, Iherednre. whanever adley costs are ot in dhe
repart, tigurzs reference nameplsto cagacity
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Battery Charge for Assorted Vehicle Types
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Iypical Battary Charge Patterns by Primary xEV Type
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por KWh. Additionally. the research indicated other pos-

sible facturing develoy ts that could push that
price donwn farther,

Another issue related to cost and performance is hat-
tery utilization. In particular, some current PHEV but-
tories utilize a 50 percent state-of-charge window. That
ie. 0 PHEV=10 hattery today 15 desighed to require only &
kWh of its 16 KWh eapacity in order to trvel 40 miles in
churge depleting mode. This pracbee comes at significml
cost, driving current battery prices higher than technical
reipuirements In fist-generation apphestions, PHEY
manufacturers made the strategic decision to add extra
capacity in order to ensure end-of-life performance met-
ries and meet haltery warranty requirements. However,
advancements already achieved have reduced the need
o over-specify PHEV hatteries and expanded e state-

f-chaurge window, therehy reducing costs for the next
genomtion of assembled buttery packs.

Industry Dynaniics

While battery costs are still high, general industry trends
suggest important progress is being mode. Over the Inst
sovurn) vears, there have been sigoificant reductions
in large-format lithiomeion buttery prices. As recently
ns 2008, EV hattery prices were sften quoted at $800 -
S1.O00O per KWh. During this varly market phase, installed
capacity was limited as was the munber of suppliers
in the market. 11 3s also important 1o note that supply
chain strictures contained clest eost inetlicences For

oL, THEY Ratheey Owl Arsesrmonnt” Thea 141
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exmmple, the Ithingeton cells for the fest commercially
available Chevy Volt PHEVS are heing manufactured LG
Chem in South Korew” They are then shipped 1o Gl
plant in Brownstown, Michigan. and installed into the
final battery packs Tho strocture aml distithulion of
the lithiwm-ion cell industry necessitated GM's carly

Pl h. b . the P s il plans
to souree o portion of Volt colls fram LG Chem subsidiary
Compact Power hegioning in 2002, The Compact Power
facility is located in Holland Michigan.*

The US. battery industry js currently entering a sec-
and phase. Unit prices have already come down to $600-
4750 per KkWh." The next 5 years are likely to be charaeter-
Pzed by o highly competitive market stemming from the
entranee of multiple battery OEM's with excess capacity.
Competitinn for Jimited unit demand will result in lower
hattery prices. After 2015, there may be o consolidation
of battery suppliers. At the same time, unit demand will
ramp-up to sustainable levels, genornting cost and price
Tenefits from volume-related cost redugtions as welbl as
from standardieed mumufacturing practices and opti-
mized supply chains

Compenent Cost

The advanced components required in olectrie drive-
trains nlso contribute to higher vehivle costs. Onboeard
chmgers. power Inveriers, and electric motors all

bettorms ” Bowenis. Detwbas
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Battery Cost Reduction Profile
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represent significant portions of an electric drive vehi-
ele’s upfront eosts. While relatively small with respeet
10 battery costs, electriv drive system components curry
higher coste than thelr ICE counterparts, accaunting for
approximately one tiird of the total EV drivetram cost
For GEVS to reach cost parity with ICE vehicles, the cost
of electric drive components will need to he reduced
throogh imnovation and vajume prodoctinn

The lack of a mature, high-velume market for elec-
tric drivetrain components Js a significant cost dover
The manufacturing processes and design technolngies
for these comp 5 are largely tallored to ) |
industrial applications. which resulls in processes and
technologies aptimized around Jowey engineering and
manufacturing investment rather than lower varishle
cost. As these components are commercialized in higher
votume atometive applications, there will be significant
advanees it the state of the art for component packaging
and pssembly,

Such advincements can be seen by comparing the
2004 Prius and 2007 Camry hybrid traction drive sys-
tem, The inverter in the 2007 Camry s approximately
a0 poreent smaller and 15 pereent lighter while supply-
ing a motor with a 40 percent higher power rating.'" As
production scale increases acruss the industry, design
and munufacturing improvements will continge to drive

comparable improvemests,
Equally important to component cost and perfor-
mance improvements will be an aulumotive-capably
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supply base. In many cases, the supply chains aranund
electric drivetrain eomponents are immature for the
needs of GEVE The stute of the current supply chan has
Deen identified by some vebicle QEMs a5 0 constraint to
GEV market growth.” For example, integrstion of mators
and gear boses will Hkely be o source of cost und siee
reductions. However, dong #o will ultimately reguine
w peadignment of the supply chain. Today, capability to
design and manufactore imtegrated sssemblies does not
exiat within many of the traditional gear box and high
power motor supphers. Fartnerships 1o address this need
are beginning to emerge such as the strategie relationsinp
between Borg Warner and UQM to develop integrated
traction drive solutions™ As the matkel continves to
develop, further strategic and cquity partnerships sre
likely 1o emerge.

Charging Infrastructure

I general, charging infrastricture costs viry by e type
of technology and location in which they are installed.
For U majertly of flect spplications, Tevel | charging
(110w will be insufficient to meet thewr needs for PIEV
antl BV charging. The exception would be low mileage,
o yitilization Moot vahiielesdhat tond tosit il for longer
periods, perhaps certain exocitive and fedoral govern-
ment Neel vohicles, Bul these aro not driving chameler-
iatics that will typically support adoption of grid-enabled
vehicles—at least from a purely econnmie perspective
"L DT e

15 10N Thb

v wetin P




Finuss 2

EV Battery Charge Times

VEHIELE BATTERY CAPACITY CHARGING METHID CHARGING POWER FULL RECHARGE TIME
Lrnel 1AW My
Passenger Caf 20w W12 110y
NE i
Level | w 380
Class 5 Truck &5 Ll 4w
Lemi 3 .n
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Class TTruck HOAAY Liwl AR itn
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Sore commandy, fleets thal have access 1o central Fast Charging

parking facifities and that have at least one somewhat
lengthy upportunily ta charge per day (overnight for
exampled will opt for Level IT charging (2:20v). Level 11
chargers—often referred to as electne vehicle supply
equipment—currently available in the market can be

purchased for approximately 100 per unit (hnedwage
onlyl. though the cost varies widely depending on the
OEM and the chargers soflware capacities ' Soflware
and installation costs can add az much ag several thau-
sand dolturs to the cost of p Level 11 charger lor use in o
Neet depol' Units instatled in public will carry higher

installation costs In the most common confizurations

each unit is capahle of charging one to two vehicles st o
time " Figure 2F cantaing the assoviated churge times for
a number of battery sizes in multiple conflyurations
Sealing infrustructure cost estimales based on the
number of PHEVs ur BVs ouned provides uselul context
(ot considering the impact ol charger cosl an the total cost
al veneeship for GEVs o Qect applicalions. Assuming a
one-time installatinn cost for Level T1 chargers of 2000,
and that local electiriciny grid hardware and software
upgrades represent an additional $10000 10 $15000
ablish a coniral

horne by the fleel operator. the cost (o es
charging network for 10 EVs would be more than £30.000.
This is o stenificont capilal outlay thol mesy impact T
hroader decision-making proeess for fleel operalors

secking to adopt grid-enabled vehicles.

Level 1 charging, or DC to DC fast charging can redues
charge timws for grid-enabled vehicles th a very man-
ageable 20 1o 30 minutes for o fully depleted passenger
vehicle battery.” The earliest Level 111 chargers to enter
the murket have been designed with 50 kW of capacity,
allowing them to provide 22 KWhof power in slightly less
than 30 minutes. all thing being equal (in practice. today <
lithium-ion batteries charge more rapidhy af the lower
end ol the state-of-charge window, with charge times
slowing s the battery’s SOC invroases).

Castz for Level T chargers have fallen by approxi-
mately 25 percent nver the past 12 months, but at roughly
37,500 per umit they are still signifiemtly more expen-

sive than Loevel 1T chargers™ In addition. the impact
Level T11 charging on sutomolive batteries is still being
cvaluated by battery makers. The amount of lieat goner-
ated by fast chargmg conld have delelorions clferls pn
hattery life! However as of Q4 2010, there 15 very little
availabile dats on the effect of DC L DC fast charging om
halteey e The benehbol the technology scems apparenl
from the driver's perspective, but its impect on the bat-
tervand the geid i <t largely untested. Infact a number
aof major battery makers and vehicle OEMs da not factor
fast chargimg into their business or technology plans -

EC PRI
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Capital Expense vs. Operating Expense

Fieet nperators must constantly balavee The need for
access to capital with lite noed for new vehicles In large
campamies, Aoct nianagers must also campete with other
corporatedivisions for scaree capitabthat must he directed
toward its mnst produoctive uses The form ofvehicle own-
ership o company nr insttution chooses plays asignifican!
rule in balancing these demands. Approximately 80 per-
cent of lleet automobiles il Class 1-5 racks in opera-
tion—8.7 million enrs and trucks —wore owned oulright
by therre operators as of Januery 1. 20107 In this owner-
ship model, the capital costs of electric drive vehicles will

presint a substmtial challenge in most companies and

institulions, The remainder of cars and elass 1-5 tmcks i
aperation were leased =
Hoth awnership and leasing have advantages and
disadvantages. Company, institutional cwnership can
allowe a feet operator the flebility o scquire vehicles
specinhzed Tor its needs, particolarly m the case that
the fleet aperator is lage ennugh to make hgh vilome
ncigigitions, Some fleet operators also prefer Lo mntain
vehicles in hovse with internal msintensnee stafl Qn U
oithier hamd, outrighl sanership can e up o significant
atount pf capital fur o lleet owner. For exomple. a class
5 oulility service EV might cost as much as an additional
L8000 to SR0000 M 2015, Capital that is put toward
assel avguisition i this model is ynavailable for other

prouductive uses.

Vehicle lepsing removes the capital burden of the out-
nght ownership model, alliwing Heet eperatoss o tresl
vehicle acquisition as an aperational expense Lessors that
include maintenance imd other servicees inthe lease price can

help reduce lnbor vosts for Targe feet operptors, sml bessors

miay also be able W secure sgnificant volume purchising dis-
counts fromvehicle OEMs Joweripg eos Hhenr lessees

The costs ad benefits of The different ownershap

models could ultimately have an impact on Hhe likei-
Tl of 0 fleet operator (o adopl electrse deve tochnolo-
gies. Fou example, Uie high capital cost requireinents of
tadoy's HEVE, PIEVS, and )
tens heavler thian w passonget itomphile, night not be

particularly m applica-

subtahle Toe mnright swnership Even extromely large
businesses may unwilling to expand copital hideets 1o
support suhstantial volumes of PHEV or EV purchis-
e Indivedunl Geat operators moay also find it diifienlt
s enstly Lo train or hire in-house stall toainbain anil
service eleetrie drive vehictes, although the mainterance
requiremelits of electnie drive veliiclos are substamially
Tess han those of in JICE vehicle !

Given higher up-front (copital) cost and  bowver
anguing aperaling expenses associatud with fleet elec-
Lrifweation, o shUL towards Bomcing loasing (mulkols
ol spreading the high capital exponditures over the life
ol e asse ) will Tikedy Become mare imporian for feet

aperators seeking to levernge This technologe

Sample Cashflow Impact of Vehicle Leasing vs. Ownership (CapEx vs. OpEx)

Baltery Heplacement
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Battery Residual Value

Resale value often plays an important part in the overall
financind value of o vehiele. Depending on who owns the
vehicle and the type of ownership transaction. resale
valne ¢an have a significant impact on financial risk as
well Tn both the commercial and passenger markets,
entities thut purchase and own a vehicle nesume the full
risk associated with resale value. If the vehicle is kept in
goutd condition, a high resale value can offset the total
cost of ownorship significantly. 10 markel resale value is
1ow, or the vehicle is in poor condition, an owner might
chonse to hold on the asset for a longer period of time, up
10 1he full useful life of the technology.

In the personsl-use markel, a copsumer who
oplts for o closed-ended Jease will typically assume
less risk associnted with resale value—the ris
largely with the lessor. The assumed resale value of a
vehicle—determined by market trends and chaoges in
demand for different vehiele sizes and types —cun have
significant bupact on the assumed value of the vehicle
and therefore on monthly lease paymen! amounts. In
a sense, lessors try 1o transfer some of the resale risk
Track to the cansumer.

From a business maodel perspective, commercial
leasing bonefits significantly from the widespread use
of upen-ended leasing, or TRAC leasing. TRAC leasing
has a pesnle risk profile that is mast similar to ownership
(with the added benefit of not tying up capital in vehicle
acquisition). At the end of the lease period, the lessee is
vesponsible for the net gain or less on the resale of an

Flause 2

Battery Lifecycle Performance and Vaiue
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individual vehicle. As a result, commureial leasing ¢nti-
ties should be much mare willing to consider leasing
electric drive vehicles, including PHEVs and EVs.

However, hecause there is Jittle experionce with the
resale value of grid-enabled vehicles, thete may imtially
b a high degree of risk associated with resale value
regardless of ownership model. Commercial entities
that choose outright swnership—applicable to the vast
majocily of Aeel vichicles in the Uniled States—could be
hesitant to purchase vehicles that have very high upfront
costs and no proven resale market value. While the risk
threshold is much lower for commercial fleet lessees due
to reduced capital requirements, these customers may
still be hesitant to be responsible for an unknown resale
value The issue may be less of o challenge in Neets that
hold ento vehicles for lunger periods of time and do not
typically expect high resale value.

The primary driver of upcertainty regarding the
vesale value ol grid-enabled vehicles is the battery
A luck of practical experience in the long-term eyele
performanes of large-format batteries makes it diffi-
cult to make assumptinns about the ability of EVs und
PHEVs to cantinue to perform at desived lovels past a
certain point This uncertainty conbd be exacerbated
by u lack of transparency surrounding battery health,
but most OEMz= are including advanced software amd
other telematics that will allow for an nccurate read-
out of battery health when PHEVs and EVs are ready
for resale.

Tethnicsl
Pertamance
Meais

" Cytin
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Ultimately, the resale value for these velueles can
only be detenmined through market experience. The
traditional hybird vehele market does offer some case
for optimism, however. Particularly during periods of
higher fuel prices, HEVs have performed extremely well
atauction During mid-2008, as retull fuel prices pussed
2400 per gallon, Tovota and Hopda hybrid models
saws inereases in month-over-month resale value that
eneeeded the merense i comparable fuel eficient 1CK
madels (See Figare 21D,

Obwinusly, the unique murket condilions that
existed in 2007 and 2008 should not necessarily be
interprefed too hroadly, By the end of 2009 and into lale

200, hybrid models performed worse than their peers
at auction, s el prices have returned 1o much more
manageable levels ™ One conclusion from this is that
niacroeconnmic conditions can drive demand for spe-
cilic vohicle technologivs. and this will vary over lime
However, the data also suggests that there is nothing
Inherently unotiractive about electric drive vohicles in
secondary markets. In fact, m the night markel condi-
tions, and when pedformance has been demonstrated,
electric drive vehieles vutperforin comparable 1CE
macdels.

Secondary Battery Market
The resale value of PUEVS and EVs cauld be signii-
cantly enhanced by considering the residual value of the

Db ot NPEp wrww s el

battery itself after it has degraded beyond its usefulness
for automotive applications. Possible second hfe appli-
and

cations imclude: hackop power for homes, oflice
cell-phone towers; as storage for intermittent renewnlile
clectricity supplies: in secondary vehicle markets: or as
separated components. The residual value of the battery
will be determined by the net residoal copacity (the sum
of each remaining cvele’s capacity) multiplied by the
value of that capacity. Residual value will likely exceed
standunl financial depreciated valug but fall pelow the
cast of comparable pew battery (See Figare 20)

Today, estimating the restdunl value of used large-
format automative balterles e an eduoateil giess at
best. In lorge part, this i
Suflicient empirical dota cannot and will nol by col-

simply an issue of experience.

Jected until the first several hundred or several thonsand
PHEV and EV halteries reach the end of their usetul life
in a real world automotive application. Hacly test data
suggests that lithium-ion batterics may still possess 70

to 80 percent of their potential evele tife at the point
where they are no fonger it for automolive nse = Rul
this necds to be horne nut by practieal expenience.

One report produced by researchers at Sandin
National Laboratories hlentilied as many as cighl poss
sible aptions, Including tronsmission support; srea
regulation and spinning resorve; load Jeveling energy
arbitruge/trmsmission deferen); renewables firming
power rehnbility and peak shaving: Jight commercial
load following: distributed node telecommunications
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Backup power; i residential load-follawing ™ The
anntvsis found that four af these applicatinns may be
cconomically and technically feasible today. s

One secondary application 1s currently being dem-
onstrated at the University of Delaware’s Mid-Atlantic
Grid Interactive Car Consortium (MAGICC). Al the
university @ plug-in electric
vehicle has been responding

4 in real-time to the PIM regula-

(7_ tion signal since Oclober 2007,

7( ) S 8 () /67 1t has provided both reguls-
tion services and impartant

Faatly fent st stbggessts it HEbiwmeann dota whout  vehicle-to-grid
Ittt may st Base S0e S0 percent ppplications. A< a follow up,
e ik ptential eyele Bile emalinme ot PIM and the University of
B proint sehivee Shes e no bowges N0 Delaware will be agmregating
TR three 18 KW vehicles with a |

MW stationary battery trailer

to participate in the PIM market for regulution. earning

euch vehicle betweon 87 and )0 each for the 18-20 hours

they are plugged in and contributing to the rogulation

storage necds of the grid. This demonstration also has

direct application to second-life use as stati ¥ sources

Finally. o lack of transparency could signiticantly
impact the markets ability (o price used lithivm-ion
batteries. Individual consumers wall use their vehicles
differently. The frequency at which batteries are
charged. the depth to which they are discharged, and
the number of quick charge nccurrences will all impact
a batterys ability to pertorm after it is removed from o
velicle. To address this issue. a number of battery sup-
pliers and antemakers are incorporating diagnostic and
telematic systems in vehicle hatteries. Ultimatoly, the
possibility exists to assign each battery a pedformance
rating o that markets can appropriately value its
remaining capacity

Despite the challenges, most experts mnd industey
participants agree thal used battertes will have some
valne beyond scrapage. General Mators recently esti-
mated that the typical 16 kWh Chevy Volt battery pack
will have, “50 10 70 percent of it life left” after the expira-
ton of GM s 8-year, 100000 nule lithim-ion baltery pack
warranty. "™ GM has also formed a partnership with ARR
Group, the world's largest provider of electricnl power
grid systems, to explore the options for used lurge-format

ive hatteries.

of ancillary services tn the grid.

1t is important to pole that used batteries will face
entineched competition in mamy potential second life
applications, For example, early attention for seenmdary
battery applications has tended Lo focus on the electric
power sector, elther for residentinl back-up storage or
for firmimg up intemrittent renewables. Yel, today, most
wrid stabilization is schieved through spinning reserves
of natural gas, a relatively inexpensive fuel that is guite
Tamialr to most grid oprators. In residential applications.
Back-up power is most commonly achieved using natural
waz, digsel, or propane generators.

B Aihin Saliomd) Lawpren v, “Trchaiid and Foaaliitify of

2175 RV B ovrins i Shadbomary Aydbart 2001

In September of 2010, Nissan Motor Corp. and
Sumitono Corp. of Japan il the estublishmer
of @ joint ventiure to ¢ talize used fve
lithium-ion batteries.” Nissan has charactenized the
venture, called the 4R Energy Carp. s an apportunity te
help reduce the uplront cost of lithium-ion battery packs
that power the all-electric Leof.
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Fleet Infrastructure Issues

While fluets that have aceess b central parking faciities
may hnd that single-point installation leads to efiviun-
s Infrastructare will still represent a substantial
compunent of total cost in many ases. Charger costs
will depumd on the driving clasracterishies of a gven fleet
Predictability of rontes, miles driven (or hours of opera-
tiom far sume Neets) and charge imes will affect the type,
number, mix, and location of chagers—and therefore the
cost burden of charging infrastrocture.

Por example, o fleed that drives gonsistently betweon
70 and 100 miles daily, operates no more thian 12 hours per
vehivle per day, and parks most of its volicles in a central
depat wonhil be alihe Lo eharge s et with Level T eha-
gersat o atioalabout bvahicle perchurger Thisis based on
the assumption that a histtery eharge for an EVwill provide
100 miles of charge depleting range per duy and theretore
would not require mora than one Level 11 chage per day
ol roughly 4-6 hours. Thig whicle would fall into quadrant
) of Figure 21 Floet vehicles that spend the night parked
af the drivers home. such as maaty sales fleets or loc) Jaw
enforcement vehicles. would require a home Level 1 char-
wer plus some charging capacity in the depot.

Fleets with vehicles that drive distunces in excess of
EV hattery eapacity or fleels that drive unpredictable dis-
tanees will require somme sileditiooal churgers i the field
along Mghly transited roadways or ot partienlar client or
supphier locations, This would be troe in general for minst
PHEV a5 woll, ws the key cost metoie to be masimized wiil
be miles deven un eleotticity, These flects miay possibly
alen requite some fast charging capabilities and fall into
quadrants 2 and 3 of Figurezl, Fleets in quadrant 4 that

fovne 1

Directional Indicator of Charging Infrastructure Costs

drive moee idles and hive Joss predictable rontes will
incur in higher infrastrncture costs in the form of more
chargersin the field and would Bkely be in need of signifi-
cant Loved 1T capacity for EV adoption. In practice, sneh
fleets might clivose HEV or FHEV techonlogy insteml,

An additional factor to consider is the amount of
time spont parked in a charging location. For instance. a
fleet with short driving distence aind predictable routes as
The example for Quadrant 1 above, may sctually require o
Quadrant 4 charging infrastructure if it runs more than
une hift un o vehicle per day. There may nol be enough
time spent parked o wchiove sufliclont chirge with o
Tovel 11 eharger

Fhdby, commercinl md government floet fncili-
Nes may reguire hoth externnl and internal electrical
upgrades to support clurgimy infrastracture External
utility service transformers are typically sixed hised on
the type of building and the square footage. Upgrading
these transtormers—and the service wires and main
isconnect size—to support special needs such as GEV
charging will result in inereased costs for floet operntors
Such upgrades can also require more exponsive condue-
tors, electrical panel boards, and service wires.

Upsizing the internal transformers within a large
commercinl or government building, such as those that
might serve charging statlons, may require upsizing con-
ks (which are often encased m eomerele or diffieult
1o aceess). nereasing conductor sles and Targer panel
baards [0 important to note that these upgrades are
vasier to accomplish during it building desien e
upposed Lo rolrohl
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Utility Impact of Dense Charge Networl

The power draw of plugging ina PHEV ar EV at any given
point in time can be the equivalent of adding at least
one new house to the grid. In certuin fleot applications,
larger battery and onboand charger specmications may
significantly increase this lowd, Mureover, in fleel npph-
cations that utilize centralized refueling configurations,
the impact on the local distribution system is likely to he
particularly acute. The fact thut most drivers, incloding
Neet opevators, operate theiv vehicles almost exclusively

during the day mmimizes the effects on Uhe §

nwer gen-
eration and delivery system. because the vehicles will be
charged off-prak, whon there 18 surplus power available
on the gl Tlowever, bringing s small fleet of EVS ina
stvall charging spaee will bring an unuswally high burden
1o those arens, and may requice upgradies to the local die-
tribution petwork. In particular, transformers serving
charging fucilifies may be insutfficiently robust Lo support
the simultnneous charging of multiple vehicles, Utilities

acce

will nees vss 1o information and regulatory support to

leal with these aud ather issues,

Generation

Sinee electricity carmot be stored. the electricity grid is

constructed to meel demand during periods of highest

ladd - typically hat summer « In fact, to meet reli-
Billty requirements, regulators have driven utilities
to overbuild thelr systems with o 12-20 percent reserve

marghn bevond forecasted peak capacity. In addition,

Stylized Load Shape for 1 Day During Peak Season

Prakitg Planty

Valigy Pl

power requiremonts generally follow o pattern
of high demand during the mid-day hours and very low

demand in the evening. Thus, the system usunlly operates

with significant spare generating capacity—particularly
at pight— that can be utihized for charging plug-in electric

velic

5. This feature of 1he power sector hae generated
signmficant optimism amoeng electrification sdvocates
as o low cost way o deliver fuel to electric vehicles. In

2007, the Pacific Northwest National Labovatory (PENNL)

released o study demonstrating more than 160 million

PHEVs coull be powered an the United States without
building a single new power pslant.

Uhis seenurio isunlikely to veenr on s owi, however
Muost sueh annlyses assume that a very high portion of
vehiclo eharvging necurs oft-peak. In faet, the PNNL study
nssumes perfoct off-poak charging For fleet aperators
thut park velacles overnight at home or a central depot
uffpeak charging mav be somewhat straightiorward

though demand for charging in the Iy evening right

afler busipess hours eoitld patentially be higher. This is

especially likely to he true if the cost of charging an EV
or 'HEV I# the same at 6:00pm and 6:000m. Time-of-tse
pricing mechonisms could allow utilities to employ price

signals to change behavior

Total Installed Capacity

Peat Dy Loed Shape
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There is already precedent for this approach emerg-
ing in the consumer space. In a pilot program accessible
1o all consumers, Detroit Edisan (DTE Energy) vecently
announced a lime of use GEV rate plan that sets oflpeak
electricity rates at 7.6 cents per KWh™ DTE defines off-
peak as between 1Eaopnt and 2:00am Monday through
Fridny, and anytime on weekends The on-peak rate for
EV andd PHEV charging is set ar 1R.2 conts per KWE Dy
comparisan, the stundard residential rate in DTE'S sei-
view territory Is 12.3 cents per kWh. (The rate plan was
approved by the Michigan Public Services Commission
in August 20100 Ultimately, affperk mtes moy be both

11y ad: I toaccess oy

ocn ally g and ¢
fleets that park overnight.

Pocific Gas aml Electne has also iteoduced a terad
rale plan for GEVe The “Experimental Time-of-Use
Law Emission Vehicle rate” is mandatory for drivers of
grid-enabled vehicles who are on a residential eleetricity
rate and plan o charge st home. PG&E' rate plan is also
designed o deal with issues unique o ts service terri-
tary. During the summer, when air conditioning loads can
oceupy o stgnificant share of neighborhood transformer
capacily, peak whicle charging rates are 28 cents per
kWh. ™ Offpeak rates for vohicle charging are as low s 5.0
cents per K\Wh,

wed s Amdrs o bl Ut ws sl Moswaiees | 2000
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Distribution

In the near-term, particularly when considering (leet
applications, power generation issues are not likely 1o
be an urgent problem. More significant power generm-
tion challenges could be associnted with deployment uf
millions of EVs and PHEVE, but this will take time. (Of
course, it will be critical to have necossary smart grid and
sther load mansgement teehnology in place in advance wo
avoid the moest d aspects of i d charging
by ahigh number of grid-enabled vehicles)

However, preparing the local distribution infrastrue-
tare for fleet plug-in electoe volucle charging may present
a miuch more i and ing challenge. \While
GEVs are plugged-in and charging, they represent a signif-
teant power draw. A Level 1T charger operating at 220 volts
on A 15 amp circuit is expected fo draw 8.3 kilowatls of
power, a load that is similar 1o The aversge loud in atypical
US. bome. Tn lurger vohicle applicatinns, the power draw
cin increase substantiolly, Medium-duty plug-in electric
tracks may require charger in exevss of 8 kW, For hewvy-
duty GEVs, the charger could easily pxceed 10 KW Inorder
Lo support the veliability of the electrieal grid. utilities will
have to take steps to ensure that they can deliver power
over the last few feet of power lines from the tradsformer
Lan fleet depot or other charging fcility Gneluding res-
dential g
home each pight with employees in saleg or local govern-
ment entitivs). Tn the case of several leet vehicles parked
at acentral depol, the issue will he most acate.

e recent analvsis from the Electric Power Research
Institute (EPRD examined the impact of PHEV charging

A

es in the case of fleet yohicles that relurp

naust v

Neighborhood Transformer Loading
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o neighborhood transformers of varving capacity™ The
EPRI analysis coneluded that plugging in jus! three '"HEVS
10 charge at 240 volis overloaded 114 of 314 transformers
examined during peak houss and 68 of 314 transformers
during ofi-peak hours. Smaller transformers showed e
Dighest level of vulnerability, The analysis reparted that
plugeing in & single PHEV to churge ot 240V would have
causerl 68 pereent of the 25KVA transtormers examined to
exceed their emergency rating, Pure electric vehicles, with
heir bigger balteries, may present an even more ggnili-
cunt ssue. ol chstered chirging—such as that lkely to b
assuctated with feel depots—will veguire enveful planning
Mostubility managers are conlident thal these issues
eam easily bo wldressed ™ Commercial ond industrinl enti-
ties may be bettor equipped to communicate with utibitics
than typical residentinl ¢ % M , the likely
impact of transtormer overloading in many cases is simply
an incrensed deprecialion of the useful 1ife of the trans-
former Nonetheless, system wide costs con he minimized
over time i the strain placed un transformuers is reduced.
Onee again, technology that enables mannged (staggeredy
charging ol vehieles during 40 peak howes can help mder-
abe thee mpact on Lhe grad aod maximize system efficiency

Praparing Clty Governments
AR PITREVE and BVs e integroted into flest and util-
ity nfrastructure, local building eodes und regulatory
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statrteswillbeanadded ebstacie in many cases, Operators
that choose to wdopt PIEVs. EVs. and their requisite
charging infrastructure will find thomselves navigating
a myTind of processes to acquire the pecessary permils
for successful installation 10 would be typical to expect
the process of installing o charging stution to begin with
the request for a permit from the local cily government.
Local regeurch, which could inclade inspection of « home
ur depot's electric connection and wiring might also be
required. Onee installed, inspection by u local regulator
conli be required before use of the charger.

In the current epvivonment. feet aperators will find
that the process of @énsuring regulatory complinnes dif-
fers significantly in virious operating locatinns In fact,
large Beels that vpersde o maltiple regons thamghoot
the nation can expect contradictary regulations across
regions. Developing o comprehensive set of streamlined
hest practices for infrastructiure permitting and inspec-
tinn will help fo make this process more tmiform for hoth
e end vser wnd resoncee-copstrained local govern-
ments. (These guidelines could be extended Lo loclulde
public charging infrastruchire, however, e guidelines
weold e to be more of o genwral nature as these ingtal-
fatiops may be much less aniform.)

Hitimately, Meel aperators thal want o deploy FVs
amd FHEVE will need to work eollaboratively with their
toal utihity as well as state amd Jocal government ufhces
n order to ensure regulatory complimnee. In momy cases,
this could e relatively steaightforward as lnrger come
mercinl and industrial enterprises may have a bigh fevel of
communication with utility and government officials,
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Market Perception

Despite the potential econnmie henefits of electric
drive technologies, the most important factor deter-
mining their uptoke in flect applications may be the

‘ot

In 2008, even as gasoline prices soured, recession-
arv conditions drove sales of all vehicles downwarnd. Yel
hybrids eutperformed the broader anfo morkel. with

way the vehicles are perceived by flect rs. While
total cast of ownership is consistently ranked as the
maost important factor duting vehicle acguisition—a
nobon that should benefit electric drive vehicles—
other factors clearly play an important role. Moreover,
un analysis of total cost of ownership requires certain
nssumptions that will vary by operator, including
assessments of future fuel and battery costs, techno-
Togieal advancement, and macro economic conditinns.
Ench of these factors can dramatically impact the total
eost of ownership, and yvet each is somewhat uncertain,
requiring fleet managers to make informed guesses that
ure ultimately subjective.

Assessing Operational Cost Savings

Puel price volatility contimies to rank among the most
sigmficant factors hinderue adoption of the full range of
alternatives to petrolenm. Sales of gasaline hybrid elec-
tric vehicles in the consumer market provide a case in
point. The strongest period of growth in year-over-voar
hybrid sales occurred hetween 2004 and 2007, a perind
during which the avernge price of unleaded regular gaso-
line in the Tnited States 1ncreased by nearly 50 percent,
from £1.88 10 $2 80/gallon ™
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yenr-over-year sales fnlling by just 11 percent compared to
18 pereent for sutes mare broadly.” Even in 2000, as vil
prices (el hybrid sales proved sumewhat vesilient. falling
By Just 7 percent compared to 22 pereent for e broader
attn marker ™

Bul a different story has emerged in 2000, With
gnsoline prices now stoady at 250 per gallon, hybrid
sales have continued to fall, while broader nute sales have
rebounded, Through the first three guarters ot Lhe year,
aggregote hybrids sales are down by 10 pereent compared
1o 2009, while broader auto sales have rebounded and are
set 1o inerease by nearly 10 percent.’ Mora imporiantiy.
the parsonal-use auto sales mix i increasingly shifting
back to heavier classes: sales of mwidsize and large SUV:
are up 234 and 137 percent in 2010 compared lu the
first three quarters of 20095 The market has adjusted
to gasoline prices above $2.50/gallon and is seemingly
unconvinesd that the high prices of 2008 will retuin.

While commercial fleel operutors continue to

downsize vehicles where | ible, most fleet gOTS
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do not explicitly engage in fuel price hedging. and they
do not view vlectne drive vehicles as a way to offset the
higher—and potentially valatile—caste of petroleum fuel.
Assessments aboul fature petroleum prices are simply
too complex and Yacking in transparency.

Maintenance Costs

It 1= also nok entively clear that eel munagers will he
willing to factor maintenance savings associated with
eleetrie drive vehicles fnto thelr scquisition strategs.
Vehicle OEMs report that while these savings are peal
and significank. fleet managers will be untikely 1o factor
them into their decision process * There maoy be soveral
reasons for this,

Yirst, some Neel vehicles are relinguished ahead
of eritical maimenance milestones. For example, the
average mileage of compact cars entering auetion alteyr
fleet nse ranged from 40,000 1o GEOOD hetween 2000
and 20053 Al the same fime, the maintenance costs
as share of operating costs for these vehicles tond to
sharply increase after 50000 miles. In other words,
Just as mpintenance costs begm o rise, lect managers
typically rematket the vehicle. Of conrse, o partion of
the postponed maintenance needs may e factored n
to the tesale value of the vehicls as & lower price, bul
the wrgency of upcoming refuirs may be difficult for
market participants to accurately assess. Nonetheless, o
fleat operator in this instance might b less attracted to
the relatively lower maimtenance costs of electric drive
wehicles; at least until the resale value of EVs and PHEVs
is much clearer than is currently the case.

Second, fheel managers that service their vehicles
via Internal maintenance stall msy be concerned that
wdditional training of existing workers—or hiring of new,
specialized workers—will be required to support electric
drive vehicles. The transaction costs associnted with such
an opgeade may preseat feet managess with an wdditional
and unwanted burden.

Expected Valus

A final point on cost perception is the rate at which flest
managers expect tn recoup invesiments in efliciency.
While some fleet managers may be more willing to focus
on the bottom lne and sccept longer payhacks thun
typical consumers. competition for scarce capital places
a practical limit on this approsch. According to recont
survey data, the average fleet operator wounld expect to

W RC PIETM iawersews
oh Icdidf Publiasing Commpon, AFS 2in,

recoup an EV investment within approximately 4 years ™
As the survey notes, "any payback time that is longer than
4 yeurs may regquire s lower discount vale than many fleel
managers would be willing to use ™
Corporate envi ol and social resp

ity initlatives may expond this period, but the number
of vehivles that will e purchased bosed nn such met-
ries plone seems Hkely to be low. Fleel operators must
ultimately be presented with o compelling econnmic
proposition i order to seriosly consider investing in an
alternative lechnalogy,

Shitting Institutional Norms

Incorpomting EVs and PHEVS into @ flee! can raise
important hurdles in terms of orgonizational processes
for both public and private sector institulions EVe and
PHEV: will vequire changes 1o scquigitions as well as
operationnl processes that are vngrained in most insti-
futions. Tn many cases, uptake nf these teclinologies will
be hindered by unwillingness G bnecesss Texdbility amd
adjust common current practices.

In terms of auquisitions strategy, @ mumbor of (leet
aperatars repert that their nstitation’s capital bdget
for acquiring vehleles is managed separately rom the
aperational budget Marecver, insome coses, these hud-
pebs are actually mannged by differadt corporats husi-
ness units* This presents an obvioes difficolty: electric
drive techmology will significantly stress Lhe scquisition
manager’s budget while he reaps none of the benefits of
Tower operating costs over time, In cases where vehicles
are leased. this issue may be less of an obstacle. But for
the BO percent of fleet velicles that are purchased and
owned in the iraditional moedel, organizational change
will e nesded

fremm, Strategh Ancrrem rf the Neeth Asmers wed
Prregesrs Elsrvie Traad, Ve snd B doerbons™ GOV

o BC PRTH iy

U PET Ly yrws



« ol o " |
: P Y.
Filtnp -2 gt i
&

-

o 4
YL o ST S LAY
IV ..r\‘;-l._‘ e
, vw P
: | 4
s ar*m\&a%% L P

i i
e
,

SaljiunlioddQ
ICETENOIVIINIRIVETe]




ABSTRACT

Part One of this Roadmap outlined how and why commercial
and government fleet owners could represent an important

early market segment for grid-enabled vehicles. Part Two

discussed several challenges that may need to be addre
through policy support and adjustments to the operational
norms of fleet operators. Part Three presents the results

of total cost modeling conducted for fleets in various
industries and sectors of the U.S, economy. The analysis was
performed for HEVs, PHEV-40s, and EV<100s.

The analysis finds that grid-enabled vehicles can provide

significant economic benefits to fleet operators. These
benefits will be maximized If GEVs are targeted to fieet
applications whose operational attributes facilitate the

most efficient allocation of battery capacity and charging
infrastructure. Optimizing investment in up-front costs
allows fleet operators to benefit from the reduced operating
costs of plug-in hybrid electric vehicles and electric vehicles
in the near-term without sacrificing mission in most cases.

Targeted policy support has an additional positive impact

In order to butter understund the business, econamic

i pustssuving upportunities presented by eluctrifice-
tian of vehicle floets, sn ceonomic model was developed
for the Fleet Etectefiention Roadmap. The model com-
pares Lhe total eost of ownership of sample vehicles
by class and indusiry for a given acquisition year.
Technologies consldered were 1CE, HEV, PHEV-40, and

EV-100. The purpose of constructing the mod,

Wentify those fleet segments that will realize pe

onomic returng through use of electric drive vehicles
in the near term, making them likely adoplers of elec-
tric drive technology. Combined with an assessment of
the relative ease or ditheully of switching In el
PHEVs for n given induostry, total cost modeling
used 4o create sconaring for (uture vehicle technology

peneltration rtes

TIGURE 34

VIO by Industry (2009)

T conduet the modeling analysis, vehicle segments
with similiar physical and operational attribites aeross the
various industrigs were st identifiod, Estahlishing these
segment clusters holped to create n manageable data sef
of vehicles grouped together according to a standardized
sut of shared attributes. The key physical attribute used in
this analysis was DOT vehicle size weight clussification,

The primary operational attributes vsed Incloded

fuel efficiency
werage nles traveled per day

wverage utilization rate:

avermge length of stops idles;

y

>

y

» average number of stops per day
>

3y level ol route prodictahility: sl
>

refueling behavior

FISVRE 30

VIO by Class (2009)



FIGURE 3¢

Vehicle Segments for TCO Analysis
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In addition to facilitating the creation of somewhat

serational charaeter-

homogenous vebicle

istics were also used us modeling inputs. For example.

avernge daily miles travelod tend to be ronghly similot

withineach segment whilealso providing a kev metric for
modeling the value of fuel savings over time, In general,
figher mileage segments witl beneit from the reduced
operating costs of electric drive vehicles. Hefueling
Dhehavior has a similar impact: vehicle segments identi-
Fred v Ahis analysis tend 1 have roughly simlar refuel-
ing needs, which seive as the key driver of infrastruclure
costs fnr EVsand PHEVs

Wherever possible. operational data used in this
analvals was based on real-world data acquired from
indusiry publications. data aggregators, and interviews
with actunl Aeet operators. The segments identificd for
thisanalysis are presented in Fiure 3C, which sorts them
by vehicle weight and aversse miles traveled per day.

In additional to the aperational sttributes of indi-
vicdual vehicle feets: the total cost modoling was hased
on it number ol market- and industry-wide costs and
dynomics. These include: Upfront Vehicle Cost.
Infrastructure Cost (charping), Petroleum Prices,
Electricity Prices. Maintenance Cost Vehicle and
Battery Residual Value, and nthers.

Chapter 2.2 reviews the key modeling assamptions
nts tho ki

ws Of the modeling exercise across all

in detnil. Chapter 3.3 pre © summary-level

findin ments,

Chapter 34 contains four detailed case studies of TCO

ontpuls for sedments L 30, 4o, and 5. Chapter 3.5 presents
an analysis of the adoption potential of commerciul and
goverament Heet opeeators i the period 2010 ta 2015,

As o fload note, this analyss does not consider L

applicability or costecflechvencess of other all

walive
fuel technologies in any fleet segment (Towever, sume
liasic observations can he mferred from the fleet segmen-
tation analysiz and the operational atiributes of certain
fleet segments

In particular, the uptake of electric drive technnlogy-
-certainly PHEVs and EVs--will be extremely limited
in some segments such ag long-haul delivery (segment
1D, The utilization rates of Uiese vebicles coupled with
the Lvpe of routes traveled (relativelv high percentage of
highway miles) makes them unlikely near-term condi-
dates for electrihication Other liquid Tuel allernatives
sueh as blaluels derived from algae. might be potential

optinn. Basedon cost andtechnology, natural gas vehicles

mavalsobe a candidate to replace petrolenm in long-haul

delivery flects

The modelused for this analvsisis atotal cost of owper-
ship model. A disenssed i Part One of this Roadmap,
total cast of iwnership is a quantitiable and objective
measure that constibutes one of the principal pourehas-

ing erite

for fleel operators. Fleel operators track
and maintain histaric operating cost data, which pro-
vides a nich data set for wse in comparing operational
and other norms. In general, Beet aperators are hetter
equipped to consider the total economic implications
of transitioning to electric dove vehicles than indi-
vidual consumers,

One of the challenges of comparing internal com-
hustion engine veliicles to thelr electric alternutives is
it there 35 o lundamental shift n costs from vperating

expenses (in the furm of higher fuel and mamtenance

eest) 1o capitalexpenses (i the toem of o more expensive
powertrain). The resoll is that vivious cosls are experi-

enced at different poimls in the lifecvede o IUE vohicl s

FIGURE 2D

Cost Elements

versus electric drive vehicles: Therefore, this analy<is
compares the net present value of all of the costs incurred
duting the ownership lifeeyele of o given vehiele. The
items constdered in the total cost af ownership ealouli-
tion are made up of: Up-Front (Capital) Costs Lo pur

chase the vehicle, battery, and charging infrostrocture

Operating Costs that include fuel and oy energy. main-
tenance, repair and fnancme costs; and Residual Value
of the vehicle (and battery where applicable)

Up-Front (Capital) Costs

Up-front costs—or cupital costs—include the cost of
purchasing or leasing a vehicle For grid-enabled veli-
cles, up-frunt coste also include the cosl of purchasing
or leasing the charging infrastructure gequired Lo sup-
port the vetucle Finally. up-front costs are offsel by
the remarketed value of the vehicle and o the residual

value of the batiens

CATEGDRY COST FLEMENTS

ICE HEY PHEY-40
v, E
- o
e El

®9® =
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Basc [CE Vehicles

Up-front costs for the vehicles considered in this analysis
vary by powertrain. In order {o arrive al an estimate of
vehicle vapital cost. a sample internal combustinn engine
vehicle available in the market today was selected for
ench vehicle elass. In general, the sample vehicles were
among the top five models purchased by fleet operators
today in each elass. For each sample vehicle, the indi-
vidual drivetrain comp were then assigned a cost
value based on current market dynamices. ICE powertruin
components inclnde the engine, transmission, exhaust,
fuel, and powertrain electronics. The base vehicle cost for
each class then is caleulated as the vehicle’s manufacturer
suggested retail price (MSRP) minus all of the ICE pow-
ertrain components.

The cost of 1CE drivetrain components used in (his
analysis increases at a J0-yeur compound average annual
growth rite (CAGR) of 2.7 percent while vlectric drive-
traincomponents actunlly decrease at a 4.7 peceent CAGR.
Even though auto sl
ing their direct materials, meeting increasingly stringent
fuel-economy and emissions stundards will likely con-
tinue to support rising ICE component costs.

% are conti v reduc

Electric Drive Vehicles

The up-front cost of the various electric drive technolo-
gies includes additionnl components, such as some form
of battery and electric motor. Depending onthedrivetrain
conficuration—HEV, PLEV, or EV—the size of the battery
and motor differ significmtly. AL the same time, each of
(he electric drive platforms benefits from dowusizing or
eliminating traditional ICE powertrain components to

varying degrees. Por example. a PHEV may use u smaller
engine in combination with a battery and electric motor,
whereas an EV does not inclade an engine, fuel tank, or
many other ICE components at all. Tn terms of cost, elec-
tric powertrain components tend to be more expensive
than their ICE equivalents. Eleetric components include
an electriec mutor, inverter, on-board charger, single-
epeed transmission, and powertrain electronics.
Inereasing volumes of electric drive vehicles will
drive costs of electnic components down—at least over the
timeframe considered in this analysis. That is, economies
of scale achieved in the early stages of PHEV and EV pro-
duction will be sigmbemt factors, and falling eosts will hea
direet result of starting from a small unit volume base. This
analysis assumes the cost profites displayed i Figore 3G,

Charging Infrastructure
‘The charging infrastructure associaled with grid-enabled
veehicles can represent o signtfiesmt purlion of the up-front
costs. On a per-vehicle basis charger costs will often be
muiech less than the combined cost of the necessary electrie
drivelram companela: however a leel operator sceking Lo
eloctrify mmitiple vehicles may need to invest in pltiple
chargers. Moreover, corban fleet applications will reguire
multiple chargors per vehicle—some at the depot and some
in public—or may require use of fast chargers.

This analysis considers five possible infrastructure
configuralions s detailed i Table 3T Individual confiy-

rations are essentially a function of the operational needs
af the vehicles themgelves, and each conli
acterized by o difforent ratio of charging in pahlic versus al
the depot, Each fleet spplication considered in the annbyas

utlon is chav-
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wis assigned o speciic Infrastructure contiguration, and a
cost i assigned based an the cost of the associnted ehar-
gurs, their installation, and any additional IT capabilities
reqnired to manage and optimize vehicle charging.

Operating Costs

Operatingcosts are thuse costs associnted with fuelingand
maintaining a given vehicle over its useful life. Operating
Costs may vary significantly based on the costof fuel (gaso-
line, hesel, or electrieity), the efficiency with which the
energy isused, and the way the vehicle is operated.

Energy Prices

Energy prices for thus analysis were taken from the 1S,
Department of Energy’s Annual Energy Outlook 2010
For traditional internal combustion engine vehicles.

on the applicable Heet industoy segment. volueles may
be charged at residential, commaercial, or industnl elec-
tricity rates, A discussed in Part One of this Rosdmap,
commercal and industrinl consumers bemeht from sig-
nificantly reduced electrioty prices.

FISURE 38

Evolution of Vehicle Compenents

——— _X-u

s iiedhng Batieeyy 1 ThR? G0N
HEVs, imd PHEVS in chiarge sustaining mode, the relevant Compomests ifstlutiog Batteyyy T8
energy prices are either gasoline or diesel fuel (depending .
on vehicle cluss). For EVs and PHEVs in charge depleting
wode. the relevant energy price is electricity. Depending ' 1 r
FIGURE 3F
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FIBURE 3N

Retail Fossil Fuel Prices (2010-2020)
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Retail Electricity Prices (2010-2020)
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Tt e important ta note that DOE scenarins do not
aceount fus the considerable price volatility of retail
petraleum fuels, National average gasoline and diesel
prices today are at $2.77 and $3.07 per gallon respes-
tively As recently as 2008 they were each as much as 20
1050 parcent more expensive.* Given current glabal oil
market dynamics. it would be reasonable to expect the
fuel component of the JCE vehicle equation to fluctuate
considernbly more than the DOE's scenarios indicate—
though that has not been incorporated into the refer-
ence case in this aualysis SUIL the business bonefit
fram electric vehicles will depend considerably an how
quickly and Juw mueh the price ot these fuels inereases.
(Fur an analveis of the sensiivity of vanership cost Lo
Fuel fluctuations see Chapter 3.8

The principal costs associated with sleclricity
prices involve generation and transmission assets, not
fuel. so electrivity prices do not Huctuate considerahly
over the forecast period. Efforts to regulate greenhouse
gas omissions from the electric puwer sector could rep-
resent one potentisl upside rigk to fong-term eloctric-
ity prices. However, these price increases are likely 1o
be phased in slowly. and maost of the current proposals
heing vonsidered by Congress would not signilicuntly
impact electrieity prices befare 20207
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Encrgy Consumption Rates
The efficiency with which a given vehicle consumes
envrgy hasusignifiemlimpacLonils lileoycde operationnl
ensts. For mternal combustion engine vehicles—as well
as HEVs and PHEVs in charge sustaining mude—energy
elliciency is measured i Lerms of nules traveled per ol
1om of fuel consumed (mpg). For EVsand PHEVs in churge
deploting mode, energy efficiency is measured m terms of
miles traveled per kWh consumed (i /kKWh).

Wherever possible, the energy ption rates
for internal combustinn engine vehicles in this analy-

sis were caleulated vsing uhserved [uel efliciency rates
as opposed to the sticker rate or fuel-cconomy rating
assonciuted with EPAdriving cveles These foel comsump-
tion rates were sequired using real world data provided
by feel aperators, industry pulifications, automotive
intelligence companics. and ather sourees, In the case
of seleet segments with high idling applications, an addi-
tional engine idling efficiency loss fuctor of 4 maximum
ol 10 percent was applied. HEVs were assumed to provide
fuel efficiency gains estimated oi 30 percent over 1CE
Tuel eMciency ratings.

For EVs and PIEVs in charge depleting mode. there
is not yet o ricl data set that allows for wee of real world
data. Over the period 2010 1o 2020, this analyvsis was
basedl on Uie charge depleting eficiency levels displayed
n Figure 3K,
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Electric Motor Efficiency
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For EVs, mi/EWh applies to all miles traveled. That
15 un BV can only travel in chiarge depleting mnde. For
PHEVS. howover, some portion of miles triweled will he
pewered by electricity and some will he fueled by potro-
lenm fuels, Each mode has a different efficlency profile us
weellus exposure (o dilferent prices. Therefore s analy-
sis assumed the PREN utility factors displayed in Figure
3 which vary by vohicle weight class A utility factar is
smply the percent of tutal miles traveled that are pow-
eved by electricity (charge depleting miles divided by total
mies), FHEV nulity factors have a significant impact on
total cost and will vary depending on usage patterns and
access to charging opportunities

Maintenance and Repairs

Maintenunce and vepair exponses for intermal comnbus-
tion engite vehicles cansnclude mator ail tres soheduled
mpintenaee, and Wartanty tecnsery (n egalise expense),
The propartion of each cost changes over time. Mot
oil tee ceplacemant and othor scheduled motntenanee

expenses remain relatively steady during the lite of the

ool T woear and teay
and component replacement may Increase over the e of
the vehicle Ol and tire casts are prajoctod fo grow slightly

vehicle. Howeser, nther repairs

duie to engine and chassis woar. Repair costs are projected
T grow over U st 10 yeurs of volicle lile by avearly rale
of 22 percent. The hulk of that cost is logged in the later
years afler significant mileage milestones are echipserd In
general, medivm- and heavysduty Trucks cost more per
mile to matntain than autos and Class 1-2 trucks.

Elocttic puwerttains hring o reduetion fnseheduled
maintenance and repalrs compared to traditionnl 1CE
vehicles Internal combustion engines are comprised
of thousands of moving parts that degeade aver Hme
Eleetric metors ave much simpler and will not reguive the
same amount of mamtenanee and repaic Maintenimes
and repair savings Trom electnlication were caleulaled
by estimating 1CE maintenance and repair coste and then
applying a savings factor that waries based an drivetrain
configuration. Figure 3M displays the mamtenance dis-
count factors associnted with HEV, PHEV and EV drive-
trains. (Note: EVs offer the most significant maintenance
savings, as the design ix the mast lechnieally simple
The savings sssociated with HEVE can vary somewhat
depending onduty evele: Datansed i this report s hased
e andustiy expeetations.)
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FISURE 3
Mamtenance and Repair Costs - ICE Vehicles
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Ownership Model

Winle different vehicle ownership models can have
significant impact on s groen imstilution’s ability o adopt
eloctrip drive vehicles, the henefits of alternative financing
methods do not factor inte the TCO calenlation.* Leasing
# vehiele may mintmize up-front capital costs associated
with vehicle acquisition, but the lifecycle total eost of own-
ership on a per mile basis shonld be equal to or more than
the TCO for a vehicle that is owned outright Therefore.
a simplifying assumption that a company’s capital costs
ecpual financing costs is wade in the model. A financing rate
of 6 percent is e assumed cast of capital in the model,

Residual Value
Fleet owners i dillevent industey segnionts—and across
differont companies within an industry segment—hold
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FIGURE 3M

% Improvement over ICE Maintenance & Repair Costs
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on to their vehicles for varying lengths of time. The length
of time that vehicles are owned and the ending mileage
fargely determine the remaining value of the velicle In
this residual value is a negative cost or a credil
for the capital that is not ¢ d during the vy
of the wehicle. For Deel operators that tend to hold on to
their vehicles for shorter timefs the residual value
of thelr assets is a larger, more significant component of
the total cost of ow hip. For ICE vehicles. this residual
value 15 easily attainable as there are a number of well-
established precedents and » liquid and efficent market
1o price them. Fleel owners can analyze the trade-olls
between selling their vehicles at their corrent residual
value ngainst maintaining them for longer periods hased
un expected mainlenance costs, prices of new vehicles,
availability of capital, vehicle demand, and softer factors
such as image and brand.
Eleetric  drive  vehicles—particularly  EVs  and
PHEVs—pose a new chailenge b their residual

value is not well known. For this reason. this apalysis
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treats the residunl value calesdntion for the vehicle and
the battery separotely.

Vehicle Depreciation Rates

The rate of depreciation is the decline in value associnted
with an asset over s given period of time. 108 impartant (o
realize thl the depreciated financial value of an asset st
any point in tme may be significantly ditfferent thin the

tend 1o inear lower maintenance and repair expenses
and, in wll Hkelihood, an inereased asset life. However,
there is simply not enough markel experience dealing
with remarketod electric dreive vohicles 1o canfidently
Plot i separate deprecation schedule for these vehicles
The residual value of electrie drive vehicles is genorally
vncertain today.

remaining technical capacity, For le. the d
market value of an internal combustion engine vehicle
alter 10 years and 100,000 miles may be s small fraction of
the injual purchase prico despite the fact that the vehicle
nay have the technical capacity to operate for another
100000 miles,

The standard depreciation curve for an internal
combustion engine vehicle ie thetofore characterized hy
o steep decline in the initist period aftes ownership with
the rate of decline slowing over time. The starting point
for the depreciation curve may vary based on the cumula-
tive numbier of miles waveled by the vehicle. Figure 3M
prresents o standard st of depreciation curves for an 1CE
wvehicle used in this analysis The deprecintion curves
include o time and distance Bctar toacenant for different
usage seenarios.

This analysis assumes a depreciation curve for eloc-
trie drive vehicles—exeloding the battery—in the snme
way that a traditional 1CE vehicle's depreciation values
might be ealeulated, I a separate depreciation schedule
were caleulated for electric drive vohicles, one might
expect electrie drive components Lo generate o higher
residual value than their ICE counterparis as They will

Battery Dep:
The principal driving lactor behind uncertainty in elec-
e drive residial salue s the battery. Electric drive
batteries—particularly for PIEVS and EVs— constitute
asignificant proportion of the veluele's up-front cost, so
ther total cost of ewnership caleulation is highly sensi-
tive ta the residual value of the battery: Ideally, this value
would be determined by the remaining number of cycles
left In the battery ol the end of the vehicle's useful life
However, significant dncertuinties remain (ns discnssed
in Part Two)

The residunl value of used PIEV and EV halteries
will be determined by the net residual capacity (the sum
of each remaining cycle’s cupacity) maltiplied by the
value of that capacity, For the purpases of this analysie,
it was conservatively assumed that GEV batteries decline
in value in u fashion similar 1o vehicles themselves e
the curve shape i Figare 8M) Nesidunl value exceeds
the financial depreciated valoe ot Galls below the cost of
comparable new battery, For cases in which ownership of
the vehicle outusts the ugeful battery life, it is assumed
that o replacenient battery with o lower useful life wauld
he purchased at n discounted price to the eriginal hattery,



Electrie drive vehicles are cost competitive in o number

af fleet applications ioday—cven when assuming ni
es and nn change in pur-
In fact. tra-

aceess to governmen! subsid

chasin

& or usage patterns (the base
dittimal MEVS are o cosl-elfectve replacement tor 1CE
vehicles by 2012 in most of the segments where driving
20,000 niles per venr. This is aresult of

the relatively small incremental investment for an HEV
compared to an ICE vehicle GEV:
e most cost effective sulution betwesn 2015 and 2018

1 te fall below $400/kWh. Base case

i to emerge as

as hattery costs b

competitiveness timelines are presented in Figure 30
Tt is important to note that the deployment of
HEVs can be beneficiat for PHEVs and EVs. assuming
that HEV batteries migrate towasrd lithium-jon and
other hattery chemislries that are ulilized 1o grid-

enabled cles. By driving valume 1n the manufac-

ture of battery cells and other components. HEVs can
help facilitate the reduetion in costs that will make
EVs and PHEVs 0 compelling option. Ultimately,
l\"‘ r, Pl
compelling oppertunity to reduce petroleuwmn con-

Ve and learly represent the most

sumption in the transportation sector

The cost effectiveness timeline for each of the
electrie drive vehicle technologies is improved by
optimizing operations and vehiele characteristics
for a number of fleet applications. In particular, two
options stand outs optimizing the GEV ownership

duration to caincide with the battery life: nnd rightsiz
ing the EV batteries {0 meet the needs of low mileage
Aeetapplications.

The

for PITEVS and EVs to become the most cost effective

se two petinns would mlvance the thme required

solutions by appros

nately one year in a number of seg-

ments Flgure 30 presents the compehitiveness timelines

Tor the optimized ca

While not considerad here, iU is important ta nots

that other methods of optimization st that could

mprove BV oand PHEY competitiveness tumetrames
For example, some OEMs are designing more efliclent
vehicles that eon moximize efliciency inoa given class

Light-weight vehicle materials combined with improved

aeradynamics can increase the number of miles trs

per kWh of batt

ing. While not considered here, innovative design

v capaeity, further facilitating i

ippronches can sicnificantly amprove the value proposi-
tion of EVsand Pt L
Finally, when current and potential future GEV

government incentives are considered, the cross-over
pomnt fur GEV cost parity is reached within the nest
two to three years o all of the commercial segments
wclude £7.500

niger car and

The incentives pssumed for this analys
federal tax eredits applied lor GEV pe

=2 trucks; $15.000 tax credits applied to ¢

cla
medium-duty trucks; £20000 tax credits applies to
5,000 tax credits
s The full credit

after which they are ramped

class 4-5 medinm-duty trucks; and

applied to class 67 heavy-duty tn
are mvailable throngh 2015

down annually until they reae

1zero 0 2020

In all cuses this analysis implies a progression
in cost competitiveness from ICE. through HEV, to
PHEV-40 and E\
policy can have @ dramatic impact on the rate of that

100, Fleet ewner behavior and public

progression, bt nisimg fuel costs coupled with falling
est thal PHEVs

itiveness aver time

clectric drive component ca

and EVs will incecase in compe

nearly all fleet s

unenis

® k@ » =

Lowest TCO Drivetrain Technology by Year and Segment - Case (No Policy Incenlives)

FICURE 30

Lowest TCO Drivetrain Technology by Year and Segment - Operaticns Optimized + Government Incentives
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Critical Sensitivities Impacting TCO

There are a number of non-policy related ecanomic and
behavieral factors Ut wall influence the nltimale cost of
ownership of electrie drive vehicles. Tn particular, how-
ever, three factors stand out: battery cost; gasoline price;
and annual driving distance

Baltery cost is ohviously important. Because battery
cost represents such a significant purtion of vehiele cost,
this analysis implies that an EV purchased in 2015 will
have approximately a 30 percent total ownership cost
savings with respect to an 1CE vehicle if the batlery cost
15 reduced by just 10 percent versus the base case,

Gasoline (or diesel) expense constitutes more than
two-thirds of the average operating cost for nearly ony
given fleet. A 10 percent inerease in petroleum fuel price
(while holding electricity prices constant) results in wn
approximate 30 percent reduction in EV ownership costs
with respoct 1o JCE total cwnership costs. All of the eec-
trie drive technologies are more eompetitive in a highor
fuel-price cnvirorunent.

Annual driving distance hecomes o key factor due
to the significantly igher Initial mvestment reguived
by electric drive compared to 1CE vehicles. Without suf-
ficienl annual driving distance. the [ulure energy costand
mamtenance cost savings are insuficient to offset the

initial electric drive investment

Combined Impact of Battery Cost and Gasoline Price

Of the three key fuctors that have the greatest impact on
the husiness cnse, battery cost and fuel expense are both
oul of the control of operators and will luve o significant
impact upon whether GEVS are financially attractive to
the operators. To assess this, two additional scenarios

atound the base scenario were considered: i Pessimistic

FiouRe 18

Total Cost of Ownership Delta for EV vs. ICE Segment 1

Case (2020 Battery Cost +15 %, 2010-2020 Puel Cost
=15% ) and an Optimistic Case ( 2020 Battery Cost <15%,

2010-2020 Fiel Cost +15 percent) Brown in the three

scenarios, a shift from the Pessimistic Scenario 1o the
rshiftin the point at
which GEVs become the lowest cost vehicle to own.

Optimistic Scenario drives a four

Annual Driving Distance “Sweet Spot”

Tn general, the higher the annual driving distances, the
Lower the TCO for an electrie drive vehicle with respect to
i ICE for a vehicle purchased in 2018. This is due to the

realization of Jaster encrgy and mamtenance cost savings

resulting in an acceptabile payback pertod. An example of

this for Segment 1 (sales, service, and utility antomobiles)

is shown in Figure 3R In this segment, an snnual driving

distance of G000 miles per year results in a $0.08 per mile

ownership cost gap lor an EV with respect to on ICE for a
vehicle purchased in 2018 For an applieation where the
annual driving distapce exceeds 15,000 miles per yvear, the

EV ownership costs reach parity with an 1CE over the stan-

dard mwnership perind for the segment of six yvears

While the ownership costs decrease as annual mile-
age isincreased from low to moderate levels, there are also
operating limitations that will begin Lo increase owner-
ship cosls as mileage increases. For esample, flect appli-
cations where the driving distance exceeds 100 miles per
day will require asignificant amount ol dayiime chinging,
This adds both increased energy costs incurred for peak

electricity rates as well as infrastructure cost

Due 1o infrastrecture and vehicle cost differences
belween the different segments, the oplimal driving
distance will vary by segment. AL the same time, the opti-
mal distunce will decrease by year as technology costs

decrease

- Sales, Service, Utility (Base Case)
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Focus on Battery Rightsizing

#lative to ofher electric drivetrain cost

mar Alik tenial, manid

Significant effort Is alreay b

|loaistics costs of 1an 3 tertes. In additian these teshnologee ! im

: cal sleps ean be
gipants to minimize cost

industry p

gments that do

manutactueers o optimize batte
ninent £afs)
umused baltery capacily L

M AU ay

thesr reuired drivir For example, i

re likety 1o prov

y driving ra ) imiles. bt aval

§ segmeént wore
As 3 resull, an EV could

figurations is commor

agment

FISURE 3

Government Car TCO Before Rightsizing

ICE
PHEV 40
TCO Advantage: ICE
——
Government Car TCO After Rightsizing
iCE
PHEY 40

TCO Advantage: ICE
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FIBURE 1Y

2010-2020 xEV Total Cost of Ownership — Optimized with Incentives

«ICE

HEY 4

TC0 Advant age-

productivi

~driven improvements expeeted over the

same period, resulting in an ICE vehicle price increase
from 826,400 in 2010 te approximately $23.000 by 2020
At the same time. while the hase 1CE fuel econumy is

likely to werease by almost 40 percent by 2020, nominal

fuel prices are expected fo inerease from $2.57 per gallon
0 2010 Lo $1.08 per gallon in 2020 As a resull, by approx-
imately 2016 the PHEV-40 reaches total cost parity with
an ICE vehicle
nent costs=which represent a much Livger portion of the
total vehicle cost in EV and PHEV-30 than in HEV
resilt in an overall TCO advantage for EV and PHEV-40

when compared toan FIEV

018, reduced electric drive compo-

Operational Varlables

Whrle many of the factors influencing ownership costs
are oulola lleet aperator scontrol. there are some factors
that can be adjusted fo optimize electric drive opermting
costs One of the mest significoant faclors s ownership
dusation. For segment one, vehicles are typically owned
lor as long as six years (though there are signineant
vartanees within this average). This is largely driven by
mubintenance and repair costs that begin to incrense sig-
nilicantly as the vehicle approaches 150000 miles. As o
resull, six vears/ 120,000 miles is the point that this seg-

ment typically replaces its vehicles,

For an BV, the oxpected non-hattery serviee and
matntenance costs ave stenificanty lower than toean 1CE
vehicle dite to reduced mechanical complexity, Asavesnlt,
ownership eyeles in excess of six vears may be feasible for

EVs in seument one. How

er. the optimal ewnership

period will be closely reluted to the hattery replacement

timing. With the current assumption of an EV hattery

lite set al 125000 miles, the replacement Uning will T

appricamalely every Bveyears for sepment one. Since Lhe

veans, the

aptimal poind to transter ownership af the vehicle 15 right

batlery will depreciate quickly i the fiest 2-

betfore a replacement battery is required The least cost-

offective point to teansfer ownership s reht alter o new

battery has been purchased (approximately six years in

segment one). Extending EV ownership in this segment

Fram six to nine years will decrense EV ownership costs
by approximately $0.07 per mile—a cost that includes

the prce bo replace the battery in vear live. The extended

ownership period reduces the time that it takes for EVy

o reach cost parity with ICE by approximately one vear
Policy Variables

The total cast of ownership in the base ease does not

include the current tederal tax incentives of $7.500 per
velde Whon s is faclored in, GEVE hecome finan-
cially attractive for segment one fleel nperators almost

inmediately. As shown in Figwre 55 the total cost of

ownership with government incentives along with the

operational optimizations de
parity with on HEV and PHEV-10 before 2012, and foran
EV bufore 2015,

bed previously reaches

NERASTRUCTURE 10
| f




Total Cost of Ownership (Base Case)

The annual driving distance of approgimately 19000
miles for vehicles within this seemeal is suflicient Lo
reach the “sweet spot” in the operating cost curve. In the
Tiase case. HEV becomes the most cosl effective lechnal-
oy in approximately 2011 Fallowing this, EV will achieve
cost parity with HEV in approximately 2018, driven by
companent cost reductions and gasoline price ingreases.
Between 2010 and 2018, the EV vehicle price will decrease
by approximately $8.000 while the HEV price decreases

FIGURE 37

2010-2020 xEV Total Cost of Ownership - Base Case

by approximately $1.000. Meanwhile, the lifetime energy
costs for the EV inerease by $100 botween 2010 and 2018
while the lifetime energy costs for the HEY increase by
approximately $2.000 vver the same period.

Operational Variables

As is the case with Segment 1. 1the typical ownership
duration for ICE will likely need to be adapted for
aperation of EVs. The tvpical ownership period for
this segment is seven years /130,000 miles. With an EV
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hattery replacement interval of 125,000 miles, an own-
ership period af 7 years will result in vehicle remarket-
ing shortly after replacing the battery. This results ina
residual logs that will inereases total awnership cost. To
avuid this. the operator will likely opt for extending the
ownership period to be near the end of life for the sec-
ond battery, By extending the ownership period to 10
years, the total EV ownership costs in 2018 are reduced
hy approximately $0.05 cents per mile while the 2018
FIEV ownership costs are only redoced by approsi-
imadtely 4 conts.

Policy Variables

While the long=term outlook for EV costs in Segment 30
look promising compured to the other drivetiain technol-
ogies, there will still be a need for early incentives to stim-
ulate demand and supply of plug-in light trucks 1o nssess
the impact of these potential incentives on the ownership
enst, it has been assumed that Class =2 trucks will hive s
similar incentive stracture to passenger car with a $7.500
Lax credit. The impact of this $7.500 Lax credit cambinerd
with the operational changes described in the previous
section is shown in Figure 83AA The net impact of these
changes s that there is a net cost of ownership advantage
for PHEV-40 by 2012 and EV by 2014



Total Cost of Ownershlp (Base Case) savings inerease to 358000 1 i not until 20228 that
e annual mileage of approsimately 6000 miles per operaling cost sednes arve snlliciont Lo filly offsal
yeut for segment 4o requites segnificant reductions in neremental vehicle costs as well as thet othier infrastiue

GEV drivelram costs hofore 1o bocome costeffective com= e costs incarred for an EV. Operational Varinhles

pared to ICE In 2010, the incremental vehicle price for

i BV s almost 18000, Meanwhile, becanso af the low Operational Varlables

sl mile the diseounted lilutime energy and main- Dospite the dow anousl milvage of this segment, It is
tenance cost savings for the BV ure approximately $4 500 unlikely that the typleal ownership duration of 13 years,
By 2020, the net ownership cost of an BV is nearly en par will be oxtended for GEVE despite the fact that the elec
with the 1CE awnership costs. This is largely driven by ric drivetrain will not be approsching its useful life. As
the ineremental EV purchase prive decrease of approxi- resuly, Usie will ot likely be an ares roquiring operational
mately S1LO00 and the BV energy and maintenance cost optimization as in the commorcinl segmi e e
HIGuRE 300

2010-2020 ¥EV Total Cost of Qwnership

TCO Advantage: ICE

Vehicle Specifications
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FIGURE 30¢

2010-2020 xEV Total Cost of Ownership Optimized for Application

TCO Advastage: ICE

thal regures optimuzabion [or cost effeclive aperahion
in this segment 15 the hattery capacity, Based on cur-
rent offerings it s expected Lhat e hase vehicle will be
designed with a 100mile D rnge. However, in this seg-
munl. the typical driving distance is only 22 miles per duy.
After applying a 66 percent margin to allow for charge

depletion variability and driving distapce variability, the

seginent would still enly ceaulee o batters

rge enough
1o proswide o charge depietion range of approximately 56
miles

o et specilic oerine were developed with o €D
range suited 1o a 40 mile mnge application, the battery

caparity would e reduced by 60 pereent, which would

resultina battery cost reduction for EVs of approximately
S10000 in 2000 which Bas o dramatic impact on the total
cosl ol ownership. As shown in Figure BB, making this
chinge wonlil cnabile 1V [ be the mest cost effeelbve
drivetrain by 2005 o decrease of approximately 6 years
Crom th buese s, Such i change wonbil also sugnificantly
differentenle BV from the PHEV-H0 sinee Lhe BV has Lhe
sy battery capacity without having 1o carry the cost of

the LCE powerteam

Palicy Variables
Nir monetary incentives are currently assumed far this
segiment. However, policy recommendatinns contained

in Part Five of this repart would make incentives avail-

able to fediral, state, and loeal government agencies




Total Cost of Ownership (Base Case)

The bigh annual mileage vi 30000 miles per vear of
the medium duty, short haul sales and sepvice segment
resulls an GEVs veaching the ownership cost parity
among the tustest of any of the teel segments aaly zed,
As shown in Figure SCC.EVs achieve vwnership cost
panity with ICEs by 2005 apd with HEVs by 2006, More
than the previous three cases studied. batteries hecome
the contral part of the business case. Tn this segment, the
2010 purchase price for an FV is approsimately $47,000
higher than the iatial prrchase prive of the ICE. Over the

TIGUNE IDD

2010-2020 xEV Total Cost of Ownership

10 yearvwnership period of the typical vehicle in this sey-
ment, the discounted energy savings of the EV purchased
m 2010 are approximately $45.0000 Additionally. woer
this same period, the disennnted maintenance and sepalr
costs excluding battery replacement are 313,000 lover
for an EV compared to an 1CE vehicle. However, when
batlery replacement is included, an additional $19.000
of discounted future batlery replacement expenses need
to b tnctuded for the fwo additional batteries required
over the 10 vear, 300,000 mile ownership period. At the
end of this ownership period, the NPV of the ownership
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cost gapootan KV purehased in 2000 compared toan 1CE
pirehinsed at the same time s approsimately S33.000,

By 2005, when the EV reachies cost patity with
an 10 the parehase prico difference decreases from
247000 ta S30000, The reduction in battory costs, which
was Jargely responsible for the mitial velicle cost redue-
o wlso enables o vehicle purehased i 2005 to veduce
the tuture replscement battery costs from S49000 to
4000, As in the other e examples, the rising el
cnsts also drve o sigmbicantly larger enorgy cost saviigs
for the BV purchased in 2005 increasing froim $45.000 o
SA0000 Overal] (n 2015, an 1CE and EV have comparable
ewnership custs of approximately 156000 over the ten
year ownership period.

Operational Variables

In this segment, optimizing the ownership duration will
hive o less prominent impact than i some of the ather
sepments, With the swnership period of segment 3 vehi-
eles typically arosmd 10 years, 200000 miles itis unlikely
that many Deet apecators will want fo extensd the perid
much further. Bowever, 1 they did. the net impact sould
not have o material impact on the purehase decision. The
ownership costs for botl [CE and EV would decrease a
vomparable amount.

Poliey Varlables

Al passengor cars, et tves canld bove ssigmificant
gt upon the financial attractiveness and aduption of
GEVS Toassess the impact of petential monetary incen-
Tives, o sconario was creited nsing a stmilay set of ineen-
tives to those that were adepted for commercinl hybrids
For segment 5, 1 $200000 tax credit was applied to EV and
PHEV-10. As shown in Figore 4DD the impact of these
imcentives was Lo make PHEV-40 cosl compelitive with
[CE and HEV by 2012 and 1o make EV the Jowest cost
aption by approximately 2015




Total cost of ownership is likely 1o play the greates
vole in determming electric drive application in fleets
However an additional critival factor determining
the udoption of electric drive in fleet applications is
difficalty that the operator faces in switching to new

technology. Fleet operator switehing difficulty will be

of parlicular importance for EVs. For segments such as
taxis, the operating difficulty will be great enough that

it will become o

gnificant deterrent Lo selecting EVs
despite a potential ¢
key

f ownership advantage. The

tars that will influence switching difficulty are
driving range margin, infrastructure deployment dif-

ficulty, and charging difficulty. Combining these erite-

witching difficully can be broadly eategorized by

three lovels:

Low: Minumal Tmpact to Fleet Operations (No
range issues, minimal infrastructure complexity)

Med: Operating Changes Likely But Containable

High: Signihicant Dilferences 1o Current

Operating Practices (e.g. taxi range limitations)

Caomhining switching difficulty and the relative TCO,

a perspective can be gained on the attractiveness af

GEVs far the different

it a given point in
ent of the likely relative
adoption rates can be made for the different segments

time Based on this, an

The segments with the lowest switching difficulty and
thu highest TCO benefit will the segments most likely
o have the highest adoplion rate, Conversely, the sog-
ments with the highest switchimg diffieolty and the low-

es1 TCO henefit will have the lowest adoption rate

that the attractiveness of GEVs to most fleet ape
tors wonld be relatively low if no changes were
made to the oparating model and without monetary
incentives. However, if the operations and vehicles
are aptimized for fleet applications and an Incen-
tive structure similar to the current passenger car
structure is pol in place for all target fleet vehicle

segments, the altractiveness of GEVs increases sig-

nificantly. In this scenario, the commercial s¢

wents

have s TCO that is either neutral or significantly
pesitive. In addition, the switching difficulty is
expected to be reduced significantly in this scenar)

due to Improved necess to infrastroctuse,

The impact of this increase in adoption altractive-

ness will be an increase in overall adoption rate. As

with most new technologies, GEV adoption in fleet
applications is likely to follow an S-Curve adoption
pattern, Uptake is slow at fiest but reaches an inflec-
tion point where adoption begins te increase rapidly
hefore reaching a natural steady state. Vehicle tech-
nology adoption in Meels

ends to be fairly slow when

not driven hy regulatory changes due to fleet focus on

minimizing operating costs and maximizing vehicl
up-time. Given this, it is unlikely that any significant
number af fleet operataor

in GEV technology in

woulld commil to Imvesting

2015 if adaption attractivene
is low. Very likely demand would be limited to niche
swh-segments and technical pilots, keeping sales
for GEVs at approximately one 1o two percent of the

targeted floet segment annnal

in 2015 In thie
scenario, annual GEV sales would ltkely be less than
AL000 tnits in 2015 with o 2015 GEY pare of less than

50,000 vehicles,

However, in the scenario where the adoption
attractiveness hecomes medivm ac high for most seg-
ments by 2015, it is likely that o much larger partion
of Neet operators will begin to transition their fleets to

GEVs. In this scenario, {lee! operators could begin to

1IGVRT 311

2015 GEV Attracliveness - Base Case

transition their Meets as early as 20010 and by 2015, o
much as six (o seven percent of the targoted Hoet rep-
ment sales coald be plug-in vehicles. This winild drive
annunl sales of approximately 120000 units in 2018 wnd

would result in n 2015 pare of more than 200,000 GEVs

PIBHRE 266

2015 GEV Attractiveness - Optimized + Incantives
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ABSTRACT

Targeted public policies could help to facilitate the adoption
of grid-enabled vehicles by cormrnercial and government
fleet operators. Temporary point-of-sale purchase incentives
can offset the higher upfront cost of electric drive vehicles
and charging infrastructure. By making vehicle and
infrastructure tax credits transferable, the private sector as
well as federal, state and local public sectar entities would
benofit from reduced costs. Finally, the federal government
can provide valuable risk mitigation during the early
development of the battery industry by offering targeted
support for the market for used batteries.

The policy recommendations identified in this section

are intended to support the early adoption of electric
drive vehicles in managed fleets. They are not, however,
intended as a substitute for policies promoted by the
original Electrification Roadmap. Rather, commercial

and government fleets can be viewed as extensions

of the deployment community concept in which an
efficiently designed network of private and public charging
infrastructure along with utility integration could enable
significant penetration of grid-enabled vehicles.

I many cases, fleets funchion as » microcosm of o frans-
portation ecosystem that eould manage many—if not
dl=of the key vlomuents of an electrificatinn ecosystem
ar depliyment community. For exomple, a fleet might
consist of numerous vehicles that a business operates in
o confined geographieal space. This is certainly true Tol
midesized foets that operate as part of geograpbically
constraimed businesses such as a ulility or city govern-
went Mool For national leets, such as parcel delivery aml
telecommumucations Heets, this s true for st least 4 subse)
of their vehicles that serve individual segions or urban
wreas. Becavse of thelr unigoe characterlstics, operators
of Heet vehicles might be able o more easily ivercame
the challenges that other drivers would face 1 sdopting
GEVs For instance, centrally refueled fleets providk: refu-
eling systems for their vehicles at a home base or bases
making it easier and more cost-effective to chirge fleet
GEVs

e various types of finabcial support that would
be available tu consumers and infrasttucture providers

n deployment communities shonld be avadlable to fleet

operators. who ey serve a8 o kind of electrification
ICH oSy st fect micrusystem. Like electrifics-
tion ecosystems, GEV flect microsystems olfer the nppor

tunity to accelerato the adoption of grid-enabled yehicles
by promoting the scale and cost reductions in hattery and
vehicle production that will accompany it While fleels
represent a smaller marke! than the general personal use
outo market, the nhstacles to their adoption of electric
drive technology are smaller in some cases and can be
nddrossed by the policy recommendations that follow. Tt
is of particular importance Lo apprecinte that in promot-
ing Mewt GEVE now, we oan secelerate the ndoplibn of

GEVe in the general personal-use auto market

POLICY RECOMMENDATION —
Expand the tax credits for light-duty
grid-enabled vehicles purchased in
deployment communities to include

private sector fleels.

Light-duty vehicles (cars and class one and two trucks)
mprised 55 percent of Al 1S fleet vehicles inoperation
in 2000 They represent, therefore, o substuntial oppo
tunity to deploy grid-enabled vehicles, achieve scale m
the battery industry, and reduce costy for all consumers
Ax explained above, deployment of these vehicles into
the
which may be more easily overcome in the fleet market

der consumer market faces severn! challonges

hrog

However, the higher uplront costs and long payback pori-
whs remain o critical issue to address in promaeting light-
luty vehicles in flests,

o support the deployment of GEVs in fleets, th

temporary tax credits that Congress estublishes for grid

enabled velicles purchased in deployment conununities

Gessuiming pending legislation passes) should be made
vollahle 10 Oeet operalors notionwide who purchase
more thun 10 GEVE per yenr. The eredits should also be
stended to fleets that incade more than 25 tobal GEVs
that are centrally fueled or whaose deivers have nccess
to home and ‘or workplace charging egquipment. (In the
event that the fecderal tax evedit available 10 purchas-
ers of grid-enabled whicles in deployment commum-
Lies remaing 1he sume ds the federal tox credit avallahiy
throughout the natioa, thun the base federal i credil fo

Mewt GEVs should be inergased by 82500 por vehicle,)



POLICY RECOMMENDATION S —
Create tax credits for medium- and
heavy-duty grid-cnabled vehicles
deploved in fleets with greater than

10 vehicles in operation.

service alter DBecember 31, 2005, Cansumers purchas-
g o light-duty HEV through December i1, 2010, are
eligible for a tederal income tax credit of up to $3.400.
Credit amounts bogin to phase ant for o given manu-
facturer once it has sold over 60,000 eligible veliclos.
and the credit is scheduled to expire after 2010 Some
states offer aldditionad imcentives to supplement the

federal tax credits,
As of Detober 2010, no credit exists for the purchise of
amedium=duly or heavy-duty plug-inelectric vehiele.
Corgont federal lax credits for the purchase of livbrid

oleetric vehiclos apply talight-duty vehicles placed into

Publie Policy and the Tax Code

The Electrification Coalition is proposing a hrowd range of policies to promaote the deployment
of FHEVs. PHEVs and 15
Lawmakers use of the tax code to promote policy onleomes is not without controversy. Most

s into flects. Several of those policies involve the ereation of tax credits

pointedly. several observers have sugaested that such policies would be more appropriately
designed as arants or other programs subject to appropriations.

However, while it may have been mare practical to implement programs similar to those
proposed by the Electrification Coalition through appropriated funds, that may nok currently be
the case. Clearly, Congress and the President have the ability lo change the Law at any lime. Yet,
provisions in the tax code are generally regarded as more certain than other types of government
incentives. That certainty facilitates adoption of the actions that the policies are intended to
promote. Stated ditferently, tax eredits are more likely to achieve therr stated goal than programs

supported by appropriated funds, the availability of which often fluctuates from year to vear.

Accordingly, the tax code has been used to support the energy indusiry in particular for decades.
Tax incentives have long been available to the oil and gas industry, the renewable power industry,
the appliance industry, and the antomotive industry. [n short, hecause businesses making long
term investments are often umwilling to make them in the absence of financial certainiy, it has
hecome comimon practice to use the tax code to support the nation's energy policy priorities. Vse
of the ax code also offers a transparent opportunity to ensure that tax expenditures in support
of different vehicle technologies are established hased ona neatral metrie

Finally. there is a clear and well developed means to deliver incentives offered through the tax
code to thetr intended heneficiaries. New programs supported by appropriated funds often
require the development of a new infrastrueture to distribute the available funds. That process
ean be expensive, take substantial time, and still not achieve intended resulls, The Department
of Energy’s loan suarantee program, for instance, is a well documented example of a program
eslablished to assist an industry that took years to get off of the ground and failed to deliver the
henefits Congress made available to the intended beneficiaricos.

More recently, federal credits for the purchase of o
guadified plug=im velide CEV or PHEN) have been intro-
dueed for consumers natinnwide with o 200000 vehiche
pre-mamifactorer cap’ The maximum federal credit
avatlahle 1= 7,500, and state credits range as high as
=5.000 per vehicle

This focus en supporting the develapment of tech-
nologies and products that meet the peeds ofmaltream
American consumers is clearly essentinl, Pulicymakers
Bawe rightly targeted incentives ta mateh te vehicle

segment that cancoilbimately make the niost sinificant

progress toward mewting thelr gouls: inereasud energy
security, reduced COC emisaiong in the transporl see-
o, s s seadable industry thut bepetits the Americin

eeanoimy and American workers Tow

wr vl pro-

duction of advanced battery celbs will glmerate costs say-
pmes re g less ofshether U Bl pack configaratnn s
geared for a light- medinm-, ot heavy-duty veliclo

Part Three of this Hoadmap idontified o numbier of
apphications where heavier EV ond PHEY trucks vep-
regent an attractive option ior commercinl and govern-

ment fleet operators. These trocks coubil sharply redoce

veliiele petroleum consumption as well as tnilpipe emis-
stons of particulate matler. Moreover, the benelil they
provide to the naticn may be even greater. By drawing
power from e electrieal grid, PHEVS and EVS further
reduey the nation’s oil consomplion while improving
the transportation sector’s COL profile M e some time
to the extent that snch vehicles regquire laeger battories

tu aperate. they will further assist the baltery Industry
m tnereasing scale n cell manufactnring to bring costs
down for batteries for all vehicles

To accelorpte the cost-effective  integration of
medium- and heavy-duty GEVs in commercial and gov-
erament fleets. Congress showld creste a b credit of up
10 SIS.000 for Neel operators who purehase o qualifying
3 truck. The maximum credit should

grid-enabled cla
be increased to $20,000 for grid-enubled class 4-5 trucks
and $25,000 {or grid-enabled class 6-7 trucks

After 2015, the maximum evedit value will no longer
Be nevessary Therplore to proamote fiseal respoansitality.
the maximum credil should be avalable through 2015
Beginning in 2000, the value of the credits should decline
20

inalinear fashion each vear befare renching zeroin &

POLICY RECOMMENDATION s —
Create clean renewable energy bonds

tfor Heet vehicle charging infrastrocture,
and make municipal and regional transit
authorities eligible {or the bonds.

Clean renewsble energy bonds (CRERS) are honds in which
interest o the bonds |s pard in the form of federal tax
credits by the United Stutes government in liew of interest
patd by Whe issuer. CREDs effcelively allow the harmower
Lo aeeess funds Tor qualifving profects without incurring
any interest expense. The e credit that is sesigned Ly the
Dok of 0 CHREI can be used Lo lTsel. onadoliar for dalloe

hasis, f1s owner'’s Lax lishility The value of the tex credil is

whle inenime 1o the bondhalder

e breited ps
Congress  cremted CREBs in the Energy Tay
Incentives Act of 2006 Eligible hond tssunrs inclute state
and local government s and electric cooperatinves that are
undertaking projects that generate elean powor,
The ARRA cxpanded the original CREBe program
The law autherized an additionsl

14 hillio of guadi-
fiedl energy conservation bords and elarifind Thot copital
expenditures (o implement green communily programs
Includes grants. loans and other repavment mecha-
isms (o implement such programs. Specllically, Ly
Inw pllower states U ssue CHUETS Lo fincs relrolits ol
existing private buildings thesugh leans and for srants Lo
individual homemvners of businesses. or throngh other
repayviment mechanisms

The eligible uses nof CREBs should be expanded to
support assistonce provided by state or local governments
farvelnete chargimg mfrastrocture for Heet operators that
sed at least 10 contrally-charged

purchase or have purch
grnid-cnabled vehicles in ohe year or operate at least 25
centrally-charged  grid-cnabled vehicles This would
provide state and local govermments with an opportunity
Lo both atbrcl GEV Heots Lo their communities s well
s support thelr developiment In urban arvas with hich
Tevyls of tattpipe particolate cmisstons, CHERS for fleet
mfrastructure might also epresent o cost=eflective 1l
lor improving sir guality, The expanided nse of CRERs
should include the purchase and installation of charg-
ing infrastructore only, nat the creation of competitive
enorgy companies
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POLICY RECOMMENDATION ——
Extend the existing tax credit for electric
vehicle charging infrastructure through
2018 and expand the range ol eligible
costs to include upgrades perlormed hy

a utility to support fleet electrification

and to facility owners lor electrical

power distribution equipment upgrades
necessary to operate and monitor
charging infrastructure,

In some situations, utilities may have 1o upgrade eguip-
ment in order to reliably serve large numbers of GEVs
chirging at leet depals Typical improvements would
cangist of upgraded transformers and—in some crcum-
stunces—radial distribution lines, the lines that exclu-
sively connect the unlity customer to the grid. In the
eontext of serving residential neighborhoods where per-
somal use veliicles would generally be charged overnight,
ufilities would generally absarls the cost of transformer
upgrades and recover those costs ever time in their
rate base. Where the upgrades are to commercial facili-
ties. however, and serve predominantly or exclusively
o single customer, many utilities will charge the cost of
sach upgrades directly to the customer. Moreover, com-
mercial facility vwners may need (o invest in upgrades
to electrical power infrastructure not owned by the util-
Ity. Expenses related to companents such as controls,
panel boards, switches, transformers and safety swilches,
prwer menagement equipment and software should be
eligible for the credit

Exlsting low olfers commercial cnstomers a lax
credit af 50 percent up Lo $50,000 for the tnstallation
of charging equipment that enters into service before
e end of 2010, Congress shonld extend the existing
tax eredit for the installation of charging infrastrocture
through 2018 Moreover, Congress should expand the
romee of oligible costs for operators of fleets that pur-
chase or have purchased st least 10 centrally-churged
grid-enabled vehicles in one year or operale at least
26 centrallv-chorged grid-enabled vehicles to include
upgrades performed by a utility and the facllity owner
to support vehicle charging activities whose costy are
eharged by the utility Finally, Congress should inerease
the Tt of the tax credit for fleet operators whi are

installing capacity to charge Targe numbers of GEVs sub-
jeet 1o e table below

10 - 25 vehicles.
26100 vehicle:
100 + vehicles.,

POLICY RECOMMENDATION S —
Allow immediate expensing of GEV
purchases and supporting infrastructure
for operators of fleets that purchase or
have purchased at least 10 centrally-
charged grid-enabled vehicles in one vear
or operate at least 25 centrally-charged
grid-enabled vehicles.

1

1 di pensing (or aec ed depreciation) hene-
Nits compankes by allowing them to retain the lime-value-
of-maney of thely npar-term tax obligations snd defer
payment ol toees wntil Liter v
aie Jess valushle ona discounted basis. Thought of differ-
ently the government eflectively loans the company their
tax liability for a few years. This policy possesses aunique
fiseal benefit of capitalizing on the arbilrage between a

s when those cash flows

company’s cost of capital (typically 10-25 percent) and
the federal government's cost of eapital approximately &
percent)

This financial accounting dynamic increases the effi-
civniy of the palicy as the company’s benefit outweighs the
government’s direct cost. For instance, an ilem purchased
by & company for $1,000 dollars today has a tec-adjusted
net present cost of 8680 if the asset iz entirely expensed
inyear 1 IF e item is depreciated over 10 years, however,
thie Hems purchase fepresents o tax-adjusted net presen!
cost of $785, 4 8105 preinium over the immediale expens-
ing seenario. From the government’s perspecive, however,
immediate expensing appears to cost £433 in less tax rev-
enues and the 10-year depreeiation scenario costs $270,a
#6:3 difference. In effect. the husiness receives a $105 sub-
sidy where as the government incurs a $63 cost,” For the
purposes of hudget scoring. however, the Joint Tax Office
does not typically discount future tax receipts. so this
dynamic is further enhanced and fimmediale expensing
should seore ol clase to @ zero cast fo the government

e et L

B

PoLICY RECOMMENDATION i —
Make tax credits available for the
purchase of qualifving grid-cnabled
vehicles and related charging
infrastructure transferable.

As in the griginal Kectrification Roadmp, » number of
the palicies recommended here involve changes to the
tax eode, inchiding credits. A tax coedht 15 0 sum that 4
taxpayver is allowed to deduet from the amount of taxes
it nwves the government. Unlike tax deductions, which
generally reduce only toxahle ineome, tax credits redice
a baepiyer’s Lo Dability dollar for dullar. Stated dilfer-
ently, so lonyg as a taxpayer has b Hability, n one dotlar
tox eredit should be worth ene dollar to a taxpayer. In
the electric vehicle market. however, n large numbaer of
winrket participants do not have tae liability that & tax
credil can offset. Some market participants are stite or
[oen] governmments or non-profits tht are puvehasing EVs
and PHEV: or mstulling charging infrastructure. Other
market participants are start-up companies that are not
et profitable or mdividoals who do net hsve suflicient
tax finbility 1o take advantuge of the eredite velated to
the purchase of vehicles o the installation of eharging
infrastructure,

To resolve this situation, the tax eredits gvailable
for the purchase of qualifying grid-enabled vohieles and
related charging infrastructure should be transterable,
Muking credits transferable would allow the owner of 4
eredil who does not bave safficient tax Lability to mon-
otize it by reducing its taxt pavmants o monetize it by
selling it 1o other taxpavers who have tax lisbility. While
making the tax credits transferable introduces some
complexity Lo the system and likely will generate some
apposition from those wha are generally against 1he use
of the tax code to support electric drive velicles, it is the
hest wiy 1o ensure that the tax credits con have their
intended effect. 1f Congress passes tax credils cannot be
used by the intended recipients, it is likely that the tax
eredits will nol have their intended effect.

POLICY RECOMMENDATION I——
Incentivize the establishment of special
purpose entities to facilitale bulk
purchasing of electric drive vehicles by
fleet operators.

T many inslanees, fleot operatars might have an oppor-
nnity to udopt special purposs PHEVE and B
delivery trucks or ulility bucket trocks, but are unahle
Lo find o manufactares who can produce o spall numbet

< sueh ae

of vehleles ot o reasonable price. At the same tme, Indi-
vidual OEMs may be hesitant to commit ta producing
substantinl volumes of larger EVs and PHEVS, beoause
the customer hase is highly tragmented and uncertain

However. the chassis and deivetrain used by muoluple
specinl purpase wehicles are oftan practically Identical—
only the vehiele exterior differs to any significant degree
11y Miese coses, customers eowhd potentizdly benddit from
aggregating bulk purchase orders lor specinl purpose EV
and PHEV drivetrains, Individual 0EMs would alko ber-
ufit from the certmnty sssocinted with larger orlers Tu
promote hulk purchasing orders that othensise might not
be viable, Congress shonld incentivise the establishioent
of special purpose entities Lo uggregate GEV orders from
disparate purchasers.

Vehicles purchased throngh such entilies would be
eligible for enhaneced tax credits based on the size of e
bulk order. The tax credits wonld be s function of, and in
addition to. any other tax credit available th GEV: For
orders of at least 100 vehicles. the additional tax eredit
would be equal to 20 percent of the value of the baseline
GEV tax credit applicable ta that vehicle. For arders of at
least 500 vehicles, the additional Lax credit would be equal
o 30 pereent. and for arders of ot Jeast 1000 vehicles, the
additional tax eredit would be equal 1o 40 percent of the
value 0f the baseline GEV tax credit applicable 1o those
vehicles



POLICY RECOMMENDATION | —
Reinstate and extend the tax credit for
medium- and heavy-duty gasoline

hybrid electric vehicles that utilize
advanced balteries with energy and

power density equal to or greater

than lithium-ion batteries.

VS are well suited for nse by fleets that engage in urban

stop and go driving, because such vehicles lose substantial

eriergy as lieat in fhe braking process that can be captured

stared, and rewsed. Delivery vehicles. public transpait
veehicles and other heavy vehicles that drive regular urhan
routes ure prime candidates for hybridization, and today s
costs for HEV in these sectors coulid provide near-term

pportumities for adoption. Hybrid vehicles can not only

+ substantial saving of fuel, hut also reduce tailpipe

enssions of nitrous oxide, particulate matter, and carhon

divxide. each an important benefit in their owvn right Yet,

from the Electrifeation Coalition's perspeclive, what min

be maost attractive shout these vehicles is their ability
1o expand the size of the macket for Hthium-ion battery

cells, large-format hatlertes, snd their component parts

TIGURT a8

Expired Credit Tor Demonstrated Fuel Cconomy Gains

Increased deployment of HEVs represents an apportanity

for incresses in scabe that can reduce ¢nsts for all uge-
format antomative-grade hatteries.

In 2005, Congress established a tax credit for the
purchase of medium. and heavy-duty hybrid electric
vehicles. The tax credit was worth between 20 and 40
percent of the incremental cost of a hyhrid vehicle subject
to limits hused on the vehicle's efficiency The tax credin
expired, however, al the end of 2009

T 2010, legislation was introduced that would extend

and expand the tax credit, but it did not pass. The EC

belicves thal medim and heavy duty hybrid vehicles,

iy of which serve iy leets. can substamtinlly promate
the deployment of all GEVs by adding scale tu battery
production thereby redocing battery costs for all vehieles
Therefore, thi tax credit that expired ot the end of 2009

should be extended and expanded generally consistent

with the provisions of & 2854, introduced by Senntors Kohl
Nl

and Hateh, which would exten it through the end of 2

and expand the gize of the tax credit available to medium
and heavy duty hybrid tricks subject to the limits stoted
in the tahle below. Consistent with its purpose of promot-
ing scade production of hatteries Tor use in all vehicles.
svailability of the eredit should be Bmited bo vehicles that
utilize advanced batteries with energy und power depsity

eaual toor greater than lithium-ion hatteries

VEHICLE WEIGHT MAX FOR 30 FE INCREASE

MAY FOR A0% FE INCREASE MAR FOR 50% FE INCREASE

TIRURE 43

Proposed Maximum Credil Available for Demonstrated Fuel Economy Gains

YEMICLE WHIOHT 20% GAIN

POLICY HECOMMENDATION S —
Estahlish a program to guarantee the
residual value of the first generation of
large-format automotive batteries put
into service between 2010 and 2013,

The battery frequent!y is the most expensive companent
inn PHEN or EV. Evenwhen a battery is ne longer capable
ol storing o sufficrent charge to support the operatinn ol a

veliele with adequate power and range, it likely will still

have nmple life to serve i other capacities where energy
dens

stuch as frming up intermitlent power, serving s asour

v amtl weight are not as importont as in vehicl

7. or as a source of distributed
v will still
the timie

W eme

eney backip pe

generation. Therefory, o "used™ vehicle hatte

have value that the consumer can caplure
of vehicle nr battery disposal, and which ca

additional incentive at the tme of parchase.

There 15 however, & sequencing problem that maks
it difTieult Lo understand Lhe walve of the "used” batlery,
i which they are likely to underestimate its valoe

1 market for secondary wses of automotive-grade bat-

teries cantot develop until there are used batteries, hut

there will not be o farge supply of “used” batteries for

Al vears. 1 is, therefore, difficudt for the non-expert
in particular, to estimate the residual value of the hattery

in anewly purchased vehicle. By immediately guarantes-
ing the residual value of used butteries ot belween o0
wid S0 percent of thedy expected value, the government
wold effectively be offerne an incentive Lo parchassrs ol

PHEVs and E
if amything

vhile likely costing the povernment Lt e

The Department of Enevgy shonld estahlish a pro-

anm through which purchasers of vehicles with Jarge-
Tormat automotive-grade batteries will be guaranteed

Fomimmn residual value of thewr battery for o detined

0% GAIN 0% AN 4% AN

pertod of vime after the purchase of the vehiele that shall

inelude the following s

L The gunrantee upplies only 1o a0 baltery pur

chased in g new vehicle, and the battery must
remal in the veliele until the sale that lriggers
thee aaranitec, but is transferable fo subsegquent

owiers of the vehicle,

2 The guaraniee cyuals $30 per KWh of name-
plate capacity for a period of one year altey
the expiration of its warranty, The guorantes
declines by 50 percent until the ond of the

second year after the expivalion of jts war-

ranty, after which it is no longer available

3. For the guarantee to be avallable the battery

mus

hive been covered by o warranty (or at

least two years and must be intact. but need

1ot be working. Tn other words. the guarant
will not pay for domaged hatterwes, such as

those domunged inaccidents

1 The gusrsntee will be available to cortified pur-

chasers of batteries. If the valve of the battery
15 less than the guaranteed minimom residual
value, the Department of Energy will pay certi-
fiecd batlery purchasers the difforence belween
the

price of batteries they purchase, That will allow

waraitesd vesidual value and the muarke!

ihe cortifiod purchoser Lo porchase e batler
from a vehicle/ battery swner at the giaranbed

minimam residual value,

BAnY entity may seek certiication by the
Department of Energy as o participant in th

program



Under this program owners of vehicles with quali-
fving batteries will e alile to séll a Dultery 1o o certified
entity for a gusranteed minimum price. The entity will
pay e price becouse the government will pay it the
differenge hetween the minimum price and the market
price. The certified entity will be responsible for demon-
strating the smount of the guarantes In other words, it
will need to demonstrate the market price in order to be
ahle o abtain the guarantee. This requirement is neves-
sary to ensure that the guarantee is only paying for the
difference between o real market price and the guaran-
fee. In the absence of n party responsible for ensuring
the integrity of the transactions, parties could try to sell
batteries at helow markel prices solely to get the value of
the guarantee,

Relnsurance Risk Mitigation

To promote the development of o private market to
wuarantee o minimum residaal value of sutomotive-
grade halteries, us an alternative or supplement to a
direct government guarantee the residunl value of o
battery, the EC proposes the establishment of o tax
credit to offset 33 percent of losses incuried by nsur-
ers or reinsurers who insure or reinsure the residaal
value of automotive-grade batteries. The tax eredil
would reguire that an insurer insuee battertes that

were purchased in a new vehicle, and which remained
in the vehicle unti) the sale that triggers the guarantee,
bat is transferable to subsequent owners of the vehicle

As witli the proposal that the government gunrantee

FIGURT 4C

batteries’ residual value the insured battery also must
be intact for the guaranteo to be valid.

By providing incantive to the markel to guirantes
the residial value of used bulteries ot between 60 and
80 percent of theiy expected value, the government
would effectively be oflering an incentive to purchasers
of PHEVs and EVs while likely costing the guvernment
little if anything

PoLicy REC ATION ™

The federal government should increase
investment in advanced battery research
and developmenl.

The high cost of automotive-grade batteries is widely
congidored to be the most significant ohstacle to
more rapld GEV adoption. While it is antivipated that
Jarge-scule manufacturing and leaming will help bring
these costs down in the future, additional investment
in battery ressarch and development (RAD) renmiins
crucial. Continued technological breakthroughs will
help improve battery durability and relinbility, ensure
battery safety, and extend battery life spans Hattery
makers alio paint ta innavation as potentially more
important than scale in delivering sustninable cost
reductions.” Rattery development will also improve
the potential for teehnologienl erossover as storage tor

U, FITM b s

US. DOE Spending on Energy Research and Development
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windl and solar power generation and other secondary
use applications

After the energy crisis of 1973, US. energy R&D
soured from approximately $4 billlon annuoally to $14
billion, witl publicsector investinent peaking at just
under $8 billlon and private socinr jovestment top-
ping vut at nearly $6 billlon, By 2004, total funding
had fallen closer to $5 hillion, Despite o steady eneriy-
related RE&ED spending nerease in recent years. wl o
temporary spike fnedlitated by the American Recovery
and Reinvestment Act of 2009, averall lovels of govern-
menl spending are still much lower thap they were 20
years ago, (See Figure 4C)

The existing group of lithivm-lon battery chem-
1stries will be used In the early suite of GEV offerings

to enter the marketr, Yot sciontists are continuing to
explore the frontiers of muterials science to develop
the next generation of batteries, promising better
performance, life, and cost. New chemistries (hat

incarporate hig
uls, alloy electrodes, and electrolyies that sre stable
ut five valts, are ultimately expected to outperform
today's  avallable chemistries. The Tuternational
Energy Agency specifically highlighted » newl for
continued innovative enorgdy storage research support
in ite Electrie and Plug-in Hybrid Electric Vehicles
Technology Roadmap published in 2009 and reiter-
ated 1tz importanee inils 2010 report, Global Gaps m
Clean Energy RD&D.

~capagity pogitive electrode materi-

Poricy REC PATION

Federal regulators should ensure

that motor vehicle regulations do not
unnecessarily prohibit the development
and deploviment of cost-effective P1EVs
in large trucks.

Commercial vehicles are regulated as trucks when gross
veluele weight (GVW) exceeds 10.000 Ibs, This distine-
tion has important implications from o regulatory stand-
point. Autemoebiles and class 1 and 2 trock emissions are
measired by the composite of the ilpipe emissions
However, vehicles in excess of 10000 GVW are covered by
emissions and performance regquirements, Inotherwaords,
for trucks weighing more than 10000 b, the engines are
regulated independently and goparately from the vehicle,
unlike smaller vehicles where emissions are regulated at

the tallpipe.One component of emission requirements
is that engiies must meet certatn durability and perfor-
manee mettics. For example. hesvysduty vehicls engines
must be warranted for 10 years and 185000 miles.
Currently, the downsized engines used in typical PITEV
configurations would need o meel the same standards
as i tendltdomal engine. Meeting thie stundard 12 bath
cost-prohibitive and unnecessary. Downsized PHEV
engines are not designed Lo serve as n stand-alone source
o motive power, and the cost antd ineflicieney nssactsted
with sueh a design have driven industey to avaoid this
approach. Instead, curren! medivm- and heavy-duty
hybrid yehicles tn the markel utitize o fill-siged diesel

con-

engine 0 conjunction with a battery and mator,
figuration thal erodes the cost savings-patential of the
THEV design.

The regulotory requirements for engine testing
should be modifieed Lo enable the ase ul smaller engines
b medinmes anil heavveduty TTTEVS, The benefits would
be substantial for vehicle cost and wliimately for fuel
sovings ghven the averall fuel intensity of medinvm= and
heavy-duty trucks today, Ax the modeling analysic in
Tart Three of this Rosdmap shows, PHEVs will become
an eeonoimically viable alternative 1o [CE vehicles n o
number of truck applications over the modi term. 1
Iefbvnaddressed, hiwever, regulatory statutes will effec-
tively restrict ndoption.

PoLICY RECOMMENDATION T —
Encourage federal government adoption
of electric drive vehicles.

As the fargest consumer in the nation, with o pres-
ence that extends tiroughout the economy, the federal
government is well situated 1o help establish the market
for GEVs Executive Order No 13423 issued by President
Bush in 2007, directed agencies with 20 or mors vehicles
Lo readtice their fleel fuel consumption by 2 percentage
poinks snnually from 2005 (o 2015 (& 20 pereent reduc-
tion). It alzo directed agencios to purchase PHEVS when
commercially available at a cost comparable 10 non-
I"HEVs, Executive Order No. 13514, issued by President
Obama, imposes additional requirements on agencies
to reduce greenhouse gas emissions from the federal
flewt by 2 percent annually until 2620 and extends the
reguirement in EO 13424 (o reduee Tuel consumption
by 2 pereent annuatly through 2020 g well, 1 Teft the

VHEY purehase reguirement in .0, 184235 inlacl.




The federal government can play a eritical role in
terms of doving scale threnehont the GEV produsction
supply chain By placing large erders that will turo over
regional federal fleets the government can contribota
o un aceelerated pace of technological advancement in
battery production, driving down costs. Large {leel pur-
chases will also give automolive and battery OEMs the
opg=term stability needed o justify sienificant invest-
mentsin labor and equipment.

Despite the wastence of Executive Opders that
diveut mgencies o purchase efficient uod advanced vehi-
eleg sgencies nlten choase to meel the reguirements in
thy least expensive manner. Rather than foreing agen-
cies lo pay the ieremental costs of GEVs sut ol their
own budgets Congress should estalilish a program o
the General Services Administration that will pay the
mcremenial costs of GEVE purchased or feased by federat
syencies, Directly appraprmting tunds for that purpose
world sllow sgencies to operate GEVE without faking
scaree funds away from their vore nossions. Moreover,

introducing this program and transparency 1o the adop-
tion of GEV: by federal agencies will allone Congress and
the public Lo belter calibrate the rake ot which GEVs are
meorporaled into the federal teel

Post Office
As 01 2009, the United States Pustal Service (USPS) had
nearly 220000 velicles in operstion. The vast major-
ity of the vehicles—nearly 195,000—were Light trncks.
Acoording (o a 2009 report by the USES Office of the:
Inspector Generul. the average daily mail-delivery driv-
g distance 18 18 miles, making many of these vehicles
well-simted for cighf-sized EV batteries or smaller PHEV
batteries. Morvover. the sverage age and usage pallerns
of velicles currently in the postal Heet e to extremely
hizh muintenunce costs. Substituting EVs and PHEVS
would yesult in <harply lower fuel costs in addition to
aflselting hich maintenanee costs

The kew issue for the TSPS has heen funding the
upfrant myestment needed toaeguire BV and PHEVS
As asemi=procate institufion, the post-office has limited
scvess tocapital and may aclually face additional, unigu:
funding challenges. In 2000 the USES faced a $7 hillion
funding shorvtiall, Of covrse, reducing fuel and mainte-
naiee costs could contribute to a stronger pusition over
time, hut aceess to capital today Is still o key issue today.

From an ecenoimic standpoint. the 16G report fonnd
that value was achievahle in the right cdroumsiances.
Specrticadiy, the report fonnd Lhat i - the uplbront capital

cost js overcome by participetion in DOE-funded dem-
anstraiion programs and V26 revenue is captured. the
agency Ibreaks} even within the first 2 vears thal EVs are
The report goes an o state that “Funding

1n aperation
specilically targeting Postal Service mail delivery vohicles
would likely be necessary to ereate an economic environ-
ment that provides incentives for the Postal Service to
move inloa leadership position with EV technology ™
Given the size and purehssing power of the USPS
the Tederal govermment should offset the incremental
upfrontcost of BV and UHEV purchases by Ure pust uffice
torthe period 2011-2014 through direct approprintions o
the UST'S At the end of this 4 year peried, the Inspector
General should be yequired o praduce an analysis of the
program and make recommendations on the aced for @

pussible second phase
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Available Vehicle Matrix = Commercial Portfo
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Key to Terms

ACES 2009 Amariean Chosn Ennroy and Sacurity Act of 2008

Advanced Matering Ubvmoesd visetneal meleeing enablas messuriiy sad recording of wison data ot requilar thart ntarvals and
provides I data th bobh consumees anid sherty comoanin

Advanced Transmisvion nmumtummumhmmcmmmm
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Amoere A et 3 o 1 20 €3 o e oot

ARRA 2009 et Wocavery dnd Beimvmslmeot ket of 2000
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EISA 2007 Lrweay Independaace and Security el of 2007

Electriz Brive Vehlels (2EY) Ay inchiottey bremn thiat setery 1o vefietes that incarporats some farre of Eatlery lectric sower in the drivtins
Inchdes frybehd efeciric vehiches (MEVL plow-in b abeetine vehicles (PHENIL Extendrdds ange Elec iic Yehicls
(EREYA, and nbsctrs swhiches (V31 :
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0t o o ot frm i s slorane balbery. v oo, copaenlon phokavollae attay of asnetato
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(s e e vebicls otarpare
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