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Abstract

The widespread adoption of electric vehicles (EVs) in place of internal combustion engine
(ICE) vehicles in the United States will have a significant impact on the global economy.
This paper deals only with the impact on the domestic economy. Specifically, this change
will cause some domestic industries (e.g. gasoline) to shrink, while causing others (e.g.
electricity production) to grow. We estimate the petroleum industry will suffer a $174.9
billion decline, while the battery industry will experience $120.3 billion gain at 39%
adoption (year 2030). There will also be significant changes in the balance of payments
among nations as petroleum imports decline. We find the net imports! of the US will
decline by $20 Billion at 39% adoption. Additionally, we find EVs to be the more efficient
technology, as the total cost of ownership is $7,203 (2008 dollars) less than that of an ICE
vehicle. Together with the reduction in imports, consumers will benefit from savings due
to the reduced energy and maintenance costs of EVs, which will reach $80 billion (in 2008
dollars) by 2030.

1. Summary of Results

Industry Gains & Losses

We model effects on all domestic industries directly affected by EV or ICE penetration (e.g.
electricity generation and gasoline). Industries common to both technologies, such as retail
tire sales, and those industries not directly affected by ICE and EV adoption, such as
chemicals and manufacturing equipment, were not analyzed. Figure 1.1 illustrates the top
ten industry gains and losses. The overall effect of the switch to EVs on each industry is
based on the peak adoption rate. Further methodology is explained in Section 2.

Efficiency Gains

Adopting EVs creates efficiencies in personal transportation, which are quantified by lower
overall cost of ownership. We find that the average total cost of ownership? of an EV over
100,000 miles is $48,000 (2008 dollars), while the average ICE cost of ownership is $56,003
(2008 dollars). In year 2030 (39% adoption), this savings totals $80 billion (2008 dollars).

1 US imports in 2007 were $2,333.4 billion and trade deficit was $711.6 billion. Total GDP was $13,848.8
billion and exports were $1,621.8 billion.

* This includes the cost of purchasing and operating a vehicle (energy, maintenance, insurance), as well as a
17 % resale value. Values have been discounted at a 5% annual rate.
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Figure 1.2a illustrates the total savings over time. Total savings is interpreted as the
amount of money that would have been spent on transportation that is instead available for
use elsewhere in the economy. Because these savings would otherwise have been spent
domestically, no GDP multiplier3 is applied.

Figure 1.1
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3 The GDP multiplier is the amount by which autonomous spending is multiplied to calculate the total effect
on GDP. The effect is due to the fact that a portion of each dollar spent is saved, and the rest is spent
elsewhere.
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Effect on Net Imports

We also find that widespread adoption of EVs leads to a significant reduction in net
imports. Most notably, the shift from gasoline to domestic renewable energy* keeps $10,275
per vehicle per year (2008 dollars) of fuel expenditures in the US. While reduction in
gasoline consumption has the greatest effect on the net imports, additional elements such
as auto manufacturing and repair also affect trade. In total, the US economy will retain $23
billion (2008 dollars) in year 2030 (39% adoption) which would otherwise be spent abroad.
Refer to section 2 for further methodology.

Figure 1.2a illustrates the capital gain due to reduced imports over time. To analyze the
complete effect of this capital retention on the US economy, a GDP multiplier is applied.
This multiplier is a function of both propensity to consume and net import percentage?.
Figure 1.2b illustrates the change to GDP with various multipliers: 5x, 10x, and 20x.

4 This paper assumes that all electricity consumed by EVs will be generated domestically by wind and solar
power.

5 In a closed economy the multiplier is only a function of propensity to consume; a portion of each dollar
spent is saved, the rest is spent again. In an open economy a portion of each dollar spent domestically is
saved, the rest is spent domestically and abroad. The ratio of spending domestically vs. abroad is the net
import percentage.
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Figure 1.2a

Savings and Reduction in Net Imports Per Year
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Figure 1.2b

Reduction of Net Imports with Multiplier
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2. Method

All results are based on a microeconomic model of total cost of ownership for both ICE
vehicles and EVs. For each technology, we model the following cost categories: purchase
price, maintenance, fuel/energy, insurance, financing, and resale. This analysis is
summarized in Table 2.1.

Table 2.1

#ofCarsinUS 135,000,000 Electricity Cost / Mile $0.04
Miles |/ Year 15,000 Battery Cost / Mile $0.06
Discount Rate 5% Infrastructure Cost/ Mile $0.09

EV Total Cost / Mile $0.18

Battery Cost $11,000
Miles / Gallon 20 EV Purchase Price $24,000
Price / Gallon $3.00 Total Purchase Price $35,000
ICE Purchase Price $28,450
ICE Vehicle Costs EV Vehicle Costs

Materials / Parts Materials / Parts
% Labor % Domestic % Foreign % Labor % Domestic % Foreign

Purchase $28,450 0% 43.3% 56.7% Purchase $24,000 0% 15.0% 85.0%
Maintenance $7,855 457% 27.1% 27.2% Maintenance $2,000 60% 20% 20%
Fuel (100,000 Miles) $15,000 0% 31.5% 68.5% Fuel (100,000 Miles) $18,000 0% 100.0% 0.0%
Insurance $11,960 0% 100.0% 0.0% Insurance $9,080.49 0% 100.0% 0.0%
Financing $5,351 0% 100.0% 0.0% Financing $4,505.81 0% 100.0% 0.0%
Resale -$5,000 Resale -54,217.93
PV of Cost $56,003 PV of Cost $48,800
PV of Total Imports $26,270.35 PV of Total Imports $24,203.03
Diff. in PV Cost / Car $7,203
Diff. in PV of Total $2,067.33
Imports

Industry Gains & Losses

We determined which industries to include in our discussion through analysis of the
expenditures of EV and ICE owners. For each industry unique to either value chain the
following data were obtained: number of companies, total revenue, number of employees,
and total annual payroll. Using these data, along with Table 2.1, we model the top ten
industry changes to estimate the aggregate gain or loss in year 2030.
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The industries analyzed are established domestic industries, with the exception of
battery production. It is assumed that EV batteries for the US market will be
manufactured domestic ally. Although Japan is currently the leader in lithium -ion
battery production, this is a reasonable assumption given the shrinkage of other local
industries, such as oil change and automotive repair. Moreover, in the recent energy
tax credit extension b ill (HR 1424), the federal government granted $800 million in
energy efficiency bonds; battery R&D firms and demonstration programs are eligible
for these bonds.

Efficiency Gains

When total costs of ownership for EVs and ICE vehicles are compared (see Table 2.1), great
efficiency gains inherent in switching to electric vehicles become apparent. The present
value of savings to individual consumers over the life of a car is $7,203 (2008 dollars). We
then apply this savings to the adoption rate to obtain aggregate savings as follows:

Equation 2.1) S=f(A) =s*A*V

where S is aggregate savings, s is the individual savings, A is the adoption percentage, and
V is total US registered vehicles, which in 2006 was 135 million, and which we estimate to
grow at 2% per year. Plotting Equation 2.1 yields Figure 2.1:
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Figure 2.1

Savings and Reduction of Net Imports

$90,000
$80,000 f

$70,000

$60,000 /

$50,000 / —@—Total Savings {(Cost)
$40,000 /

’_/:( ——Reduction of Net
$30,000 f Imports
$20,000

$10,000 -

S Millions

S - I T T T 1

0 10 20 30 40
Adoption Rate (%)

To estimate the timeline for these effects to manifest, market adoption as a function of time
must be considered. The following market adoption S-curve was customized to model the
expected adoption® of EVs in the US:

Equation 2.2) A=DP(t) =So/ (1+ e ktm)

where Sy is the saturation level; k is a scaling parameter equal to In 9/(ts-m); m is a midpoint
scalar equal to (tg + ts)/2; ts is time to takeover, which occurs at 90% of potential market
penetration at level Syp; and tg is time to hyper growth, which occurs at 10% of market
penetration at level So. Figure 2.2 illustrates the S-curve. It is important to note that our
analysis is cut off at year 2030 despite the fact that the S-curve approaches peak adoption of

6 Expected adoption is based on the Better Place roll out strategy.
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77.5%7 much later. This cutoff is due to fact that longer horizons yield less accurate
predictions.

Figure 2.2
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Combining Equations 2.1 and 2.2 yields aggregate savings as a function of time:
Equation 2.3) S=f(P(t)

which is illustrated in Figure 1.2a.

Effect on Net Imports

Along with difference in total cost of ownership between EVs and ICE vehicles, we
calculate the percentage of those costs spent domestically and abroad. Where possible, we
base percentages on net imports and total US consumption. Refer to Section 3 for further
details. We then apply the difference in foreign spending to the adoption rate (Equation
2.4) as illustrated in Figure 2.1.

7 We assume that the only drivers who will not switching to EVs are rural drivers, who make up 22.5% of
total drivers in the US (Source: National Household Travel Survey, March 2007, U.S. Department of
Transportation).
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Equation 2.4) I=g(A) =i"A*V

where [ is the aggregate effect on net imports, i is the effect on net imports from each EV, A
is the adoption rate, and V is the total registered vehicles in the US (135 million in 2006, 2%
growth per year).

As with aggregate savings due to efficiency gains, Equations 2.2 and 2.4 are combined to
show aggregate effect on net imports as a function of time. This effect is illustrated in
Figure 1.2a (no multiplier) and Figure 1.2b (with multiplier).

3. Data
The data were taken from the following sources:

Registered vehicles

* Bureau of Transportation Statistics (year 2006); estimates
Output & jobs per industry

* US Economic Census
ICE Maintenance Schedule (2008 Ford Focus served as the basis)

* Edmunds
EV Maintenance Schedule

* “The Impact of Electric Cars in the US Economy” by Douglas Meade, 1995
Domestic and foreign percentages were derived from US Census import and total
consumption data for existing industries. For non-existing or premature industries,
estimates were made. It is assumed that all energy generation, financing, and insurance
will be domestic.

* US Census
Adoption Rate S-curve estimated based on three sources:

* Formula: “8020world.com”

* Peak adoption: National Household Travel Survey, March 2007, U.S. Department of

Transportation

* Better Place roll out strategy
Costs per kWh, battery life, and battery cost

* Estimate based on discussions with Better Place

UNIVERSITY OF CALIFORNIA BERKELEY
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Average new ICE vehicle cost

¢ National Automobile Dealers Association

Average new EV cost (excluding battery) = $24,000
Resale value (ICE)

* Kelly Blue Book (2000 Ford Focus)
Resale value (EV)

* Estimate based on ICE resale. Excludes battery.
ICE mileage

* Estimate based on discussions with Better Place
Fuel price

* Estimate based on national averages during 2008, Energy Information
Administration

EV cost per mile
* Estimate based on discussions with Better Place
Average auto finance interest rate and financing term

* 7%, 60 months, National Automobile Dealers Association

ICE insurance data was estimated. EV insurance data was estimated at less than ICE due

to reduced structural complexity and the assumption that the service provider will
maintain ownership of the battery.
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