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Abstract
Rising affluence in the United States has led to unprecedented energy consumption.
Luxury goods such as automobiles are being increasingly sought out and purchased. However,
rising energy demands comes with a concomitant increase in fossil fuel use. In an effort to
reduce reliance in fossil fuels, Obama and the U.S. government have been investing in battery
and electric vehicle technology.

To determine if the benefits gained by funding research in the battery and electric vehicle
industries will outweigh the costs incurred, a benefit-cost analysis is required. This method will
provide a quantitative perspective on the total benefits and costs, and will look to either justify or
refute the claims made by the Obama administration.

Based on the benefit-cost analysis, the overall PV of benefits minus costs was
approximately -$12.7 billion. Thus, over a 10-year time horizon, and at a discount rate of 7%, it
is implied that costs incurred in investing in the battery and EV industries outweigh the benefits
gained. The result of PV < 0 therefore provides quantitative evidence that Obama and his
administration made the wrong choice in investing in these technologies.

These findings suggest that Obama should discontinue the investments made into
advancing the battery and EV industries. However, these findings are only accurate based on the
assumptions made throughout the benefit-cost analysis. The concept of uncertainty provides
enough reason to suggest that given different time horizons and assumptions, the PV of benefits
could eventually outweigh the PV of costs, thereby justifying Obama’s investment. More
research is required to ensure a more accurate conclusion is reached.
2

ECON 26800: Energy & Energy Policy
Final Research Report
Introduction
Our global society is becoming increasingly energy dependent. As individuals become
more affluent, consumption of luxury goods such as cars increase. Consequently, projections for
energy consumption are expected to almost double within the next 15 years1. Unfortunately, as
our energy consumption increases so does our dependence on non-renewable energy sources that
are harmful to the environment. In 2011 alone, approximately 85% of the energy consumed
worldwide came from fossil fuels, such as natural gas, coal and oil2. However, as Earth is a finite
planet with finite resources, our current rate of consumption of fossil fuels will potentially
deplete the resource in 50 years and irreversibly damage our planet in the process3. Thus, there
are imperative incentives to shift away from these sources of fuels.

Accordingly, investments for the exploitation of alternative energy resources are
increasing worldwide. Amongst the myriad of options include solar and wind renewable energy
sources and electrochemical systems such as batteries. Researchers across a diverse set of sectors
are touting all three as viable solutions to our energy consumption problems since renewable
energy is clean and batteries can efficiently store and deliver energy on demand.

Researchers in the automotive industry, however, have a special interest in battery
development, since energy storage and delivery rates are particularly useful in the automotive
industry. Hence, governments across the world, including the Obama administration, are
injecting funds to ensure that battery technology will eventually be advanced enough to support
the energy demands required by cars powered by batteries, or “EVs”4.
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Regardless, many doubt the immense positive impact that batteries could have on the EV
industry. Thus, the Obama administration continuously defends its expensive investments in
battery technology by contending that the benefits gained from advancing the battery and EV
industry significantly outweigh the investment costs incurred.5

A benefit-cost analysis will be used to assess whether batteries provide a meaningful
contribution to the automotive industry. Such a method will provide a quantitative perspective on
whether the benefits of researching and developing the battery industry, which subsequently
affects the EV industry, are greater than the costs incurred during that process. By using this
approach, the report will ultimately conclude on whether batteries deserve the amount of
research funds and attention they receive.

Background
The global battery market is comprised of primary (non-rechargeable) and secondary
(rechargeable) batteries6. Both types of batteries possess strong growth opportunities chiefly due
to rapid global industrialization, increasing demand for energy and the rising affluence of
individuals7. The combination of these factors will promote robust battery industry growth, with
revenues generated through sales expected to increase from $47.5 billion in 2009 to $85.6 billion
by 20168.

Among the many battery chemistries, automotive lithium-based rechargeable batteries are
expected to have the highest demand increase, growing globally by 450% from 2012 to 20179.
Growth can primarily be attributed the growth of the EV industry, which will eventually use
lithium-based batteries to power HEVs, PHEVs and BEVs. The EV industry is posed to
4
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eventually utilize lithium-based batteries, because the chemistry’s unique properties creates the
potential for a EV battery with cheap reproduction costs, a high specific energy and efficiency,
and a long life span10. Henceforth, lithium-ion batteries are projected to be the main drivers of
the US EV market in the coming years.

At present, vehicles using electricity, or EVs, come in a variety of forms: the battery
electric vehicle (“BEV”), the plug-in hybrid-electric vehicle (“PHEV”), and the hybrid-electric
vehicle (“HEV”)11. BEVs have one energy storage system, the battery, and no primary on-board
means of generating electricity. BEVs run off of electricity and being plugged into an electric
supply recharges them. PHEVs also have one energy storage system – the battery – but PHEVs
are powered by a combination of an on-board generating device such as a small internalcombustion engine, and an electrical supply which the vehicle can be plugged into for recharging.
HEVs have two or more energy storage systems, both of which must provide propulsion power,
independently or simultaneously. The internal-combustion engine is usually the primary system,
while the electrical motor is used to power the vehicles for shorter distances, or to support the
main engine at rest.

Each sold EV type, in comparison to a similar non-EV model, reduces rates of US
vehicle oil consumption; greenhouse gases exhaust emissions, such as CO2; and noise pollution.
Also, all three models are fuel-efficient in that they travel further than non-EVs per gallon of oil,
or in the case of a BEV, per kWh of energy. However, the energy efficiency between each
different type of vehicles varies. BEVs are the most energy efficient of the three, as it uses no
gallons of gas to travel any distance. PHEVs and HEVs are next in terms of energy efficiency
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and are roughly similar to each other, as they use a combination of gas and electricity to travel
distances. Lastly, non-EVs are least energy efficient as they are powered 100% by gas.

Obama has employed these innovations to develop an all-of-the-above energy strategy to
address US energy consumption concerns. In fact, Obama strongly supports the advancement of
lithium-based batteries and the EV industry. Part of his strategy includes prioritizing the
widespread adoption of BEVs—which will solely be powered by lithium-based batteries—to
reduce U.S. CO2 emissions and U.S. dependence on petroleum as well as to revive the US auto
industry. Moreover, his administration plans to increase demand for BEVs and BEV batteries by
imposing stricter regulations on car manufacturers to make more environmentally friendly cars
and marketing more incentives for car manufactures to produce EVs12.

Specifically, Obama has supported the expansion of the EV market by earmarking funds
for EV research and development in two stages. First, Obama used the American Recovery and
Reinvestment Act to invest $2.4 billion in 48 new advanced battery and electric drive projects in
200913. Each award winner matched their funds to total another $2.4 billion investment in EVs.
This first step, which totaled $4.8 billion, marked the largest single investment in EV research
and development in history14. The primary qualifier for allocation of these funds was a research
team’s ability to demonstrate that their battery had a significant chance of making BEVs more
affordable and longer lasting. In the second stage, Obama endorsed the Department of Energy’s
$120 million award to Argonne National Laboratory to establish the Joint Center for Energy
Storage Research (“JCESR”)15. The purpose of JCESR will be to achieve advances in battery
performance that are applicable in the EV industry and the electricity grid. The primary qualifier
for allocation of these funds is the ability of research teams to demonstrate that their battery has a
6
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significant chance of making BEVs more affordable and longer lasting. On a separate level of
investments, a placeholder value of $1 billion was used to reflect private EV research and
development investments. Since the investments were private, few numbers are released to the
public so $1 billion is an estimate16.

In spite of Obama’s enthusiasm, opponents of Obama’s strategy typically critique the US’
lack of returns on his sizable investments of taxpayer funds into the EV industry 17. Also, many
US citizens view Obama’s strategy as insipid considering that there is no US market for EVs.
Market analysts have deduced that there is no market, because US consumers are concerned with
the impracticability of electric cars due to their limited travel range and exorbitant prices. These
concerns are reflected in low EV sales18.

However, is the investment in battery and EV technology truly unbeneficial? There are
few reliable figures out there that quantify the impacts they can make, or compare what a world
would be like with and without battery and EV advancements. Thus, the following section will
be devoted to analyzing from a quantitative perspective whether the investments have been
justified by using a benefit-cost analysis.
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Benefit-Cost Analysis
A benefit-cost analysis is a quantitative comparison of the total benefits and costs of a
proposed action19. In the case of the EV industry, benefits and costs to the residents of the U.S.
need to be quantified to determine if providing further funding to EV Li-ion battery research is
justified. To reach a conclusion, a benefit-cost analysis (as seen in Appendix) will be used to
ensure that the benefits gained from EVs strictly outweigh the costs associated with their
development.

The With and Without Principle
To determine what effect increasing research of EV Li-ion batteries will have on the EV
industry, a comparison of the hypothetical estimate of what the world would be like if the
research is undertaken – the With situation – to what it would be like if the research was not
undertaken – the Without situation, is required. This benefit-cost analysis will consider a 10-year
time period where the With situation will include the benefits gained from injecting research and
development funding into EV Li-ion batteries, which would enable the EV industry to flourish
and grow. The Without situation will include the costs avoided should resources not be focused
onto EV Li-ion battery research, thereby forcing the EV industry to remain stagnant. Based off
of this principle, the benefits and costs can be quantified and appropriately compared over the
10-year time period.

Whose Benefits? Whose Costs?
The figures and assumptions made and used within the benefit-cost analysis were all
based on US figures and estimates. Consequently, the quantified benefits and costs used in the
benefit-cost analysis are strictly for the US market. Certainly, the development of the EV Li-ion
8
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batteries and the EV industry would affect international markets, however, the research paper
focuses on the US market because of Obama’s expensive and controversial EV industry
development plans. The purpose of this benefit-cost analysis is to provide a quantitative
perspective on whether criticisms of Obama’s plans are justified.

Present Value
In this model, present EV industry costs are used to estimate future industry benefits.
Present costs that will result in future EV industry benefits include the Obama’s administration’s
sizable EV research grant and subsequent costs to ensure a smooth transition from the
development to the usage of EV Li-ion batteries. To compare the effects that will occur in
different time periods, a calculation of the Present Value (“PV”) is required. This can be
achieved by summing the costs and benefits of advancing the battery and EV industry, and
discounting it to the appropriate time period over a time horizon for 10 years. The formula for
this part of the model is shown below:

PV =

!"#$#!
!!!
!!! (!!!"#$%&'(  !"#$)!

−

!"#"$%&'!
!!!"
!!! (!!!"#$%&'(  !"#$)!

The above formula will be used to quantify, detail and explain the benefits and costs associated
with EV research as well as the assumptions used below.

Assumptions:
There are two preliminary sets of assumptions. The first assumption was to use a 7%
discount rate to use in the calculations of present value benefits and costs, based on the 10-year
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time horizon of the model. Further assumptions will be introduced and explained as they are used
throughout the model.

The next assumption aggregates raw data regarding the sales of EVs and non-EVs20, as
well as estimated growth rates for these sales in the next 10 years. This data is reflected in the
above chart.
The raw data is then broken into several components, including HEV sales, PHEV sales,
BEV sales, as well as Total Vehicle Sales for the years 2007 to 2012, and used a compound
annual growth rate (“CAGR”) of 30% to predict the sales of PHEVs and BEVs beyond 201221.
Meanwhile, HEVs and non-EVs are expected to not grow as quickly, and thus were linearly
extrapolated with year-on-year growth rate of 5%22. Finally, the data was used to find market
share values for HEVs, PHEVs, BEVs and non-EVs, as seen below.
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Benefits:
1. Reduction in the reliance of oil – One of the biggest benefits derived from developing the
EV Li-ion battery and the EV industry is a reduction in the US’ reliance on oil. As of 2011, oil
provided 95% of the power to move America’s vehicles23. EVs can help reduce this dependency
and help the U.S. control its energy future.

The cost of oil/gallon was assumed to remain at $3.5024. Research indicated that cars, on
average, are driven 13,500 miles/year25. Non-EVs were revealed to be the most inefficient oil
users in terms of miles per gallon, at 20 mpg26, while HEVs and PHEVs were next least efficient
at 45 mpg27. BEVs were assumed to be able to travel any amount of mileage without using any
oil28. Gas cost savings by 2018 was calculated using the below formula:
= Difference in gallons saved from non-EV to EV * price of oil at 2012 per gallon / (1+r)n +
Previous period / (1+r) = $2,518,680,439
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2. Increase Jobs in the U.S. Market – Investments in American ingenuity, domestic innovation
and local manufacturing are not only aiding the expansion of the battery and EV industry, but are
also creating tens of thousands of American jobs in the short- and long-run29. Local research labs
need staff to conduct research, manufacturing lines need to be ready to build EVs, and workmen
need to install EV charging stations.

The assumptions made to quantify this benefit include a tax rate of 20% per individual30.
The benefit-cost analysis also assumes that 50,000 jobs are created over a span of 10 years, with
5,000 jobs increased per year, while zero workers are assumed to be laid off in that time frame.
Lastly, the workers all earn the average wage per year of $40,00031, which will remain almost
the same over 10 years. To calculate tax revenue generated for the government in 2018, the
following formula was used:
= Tax Rate * Work force added * Average Wage / (1+r)n + Previous period / (1+r)
= $159,922,134
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3. Noise Pollution Reduction – EVs are good for reducing dependence on oil as well as air
pollution in the form of CO2 emissions and sound emissions. EVs produce less noise compared
to non-EVs32, and the benefit-cost model quantifies this benefit by taking into consideration the
willingness to pay (“WTP”) to reduce the amount of noise pollution to consumers:

Assumptions required to calculate the total WTP in PV terms includes the amount of
noise an EV reduces compared to a non-EV. The benefit-cost analysis assumes that over certain
ranges of speeds, the amount of noise reduced per car is approximately 45 decibels (dBA)33.
Stated preferences determined that the average WTP was approximately $8 per decibel per
person34. Hence, to calculate total WTP for noise pollution reduction in 2018, the following
formula was used:
= Noise reduced * WTP * EV sales in 2018 / (1+r)n + Previous period / (1+r)
= $789,030,361
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4. Reduction in CO2 Levels – Purchasing an EV instead of a non-EV would cause a decline in
oil consumption, which, in turn, reduces CO2 emissions35. The benefit-cost model estimates the
averted carbon capture costs as follows:

Cost of CO2 removal is approximately 10 cents per gallon36. The gallons of gas used by
Non-EV vehicles are approximately 675 over the average distance of 13,500 miles per year,
assuming that non-EV cars can travel 20 miles per gallon of gas. The gallons of gas used by
HEVs and PHEVs are 300, at a rate of 45 miles per gallon, while BEVs use no gas. Hence, the
method to calculate averted costs of CO2 removal for 2018:
= Cost of CO2 * Difference in Gallons of gas per vehicle type / (1+r)n + Previous period / (1+r)
= $28,236,692
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Costs:
1. Cost of Research and Development – This is the sum of research and development funding
that the Obama administration provided as of November 2012. No discounting required as this is
all in the past, and the total cost is $5,920,000,000.

2. Extra Cost to Purchase an EV over a non-EV – EVs currently cost more than non-EVs,
roughly by $20,00037. However, over time, the price of the battery pack, which accounts for a
large portion of price difference, is estimated to decrease linearly at 7% over time38, thus making
an EV more price competitive.

To calculate the extra cost of purchasing an EV over non-EV in 2018, the following
formula was used:
= (Price of EV * (1 – price fall)n – Price of non-EV) * EVs sold in 2018
= $2,750,939,891
Note that the 2021 and 2022 figures were actually negative. However, they were changed to $0
at this point, it is just assumed EVs become price competitive.
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3. Cost of installing Charging Infrastructure – EVs need a grid to connect to in order to
recharge39. Building infrastructure takes time, and is assumed to increase linearly over 10 years.
Cost per year was approximated at $800,000,000. To calculate the PV of installation costs,
=

!!! $"##,!!!,!!!
!!!
(!.!")!

= $5,618,865,233

Final Cost-Benefit Analysis
PV = $32,089,967,260 – $44,760,911,594 = approximately -$12.7 billion < 0. Costs incurred
over a 10-year period therefore outweigh the benefits gained, based on the assumptions and
quantifications calculated above.

Accounting for Immeasurable Factors
Despite being able to quantify most benefits and costs, certain immeasurable factors were
considered that could potentially impact the final PV value. In terms of benefits, one factor
considered, but not quantified, was the utility gained, or “happiness”, from owning and driving
an EV40. Some argue that people don’t buy an electric car because it would lead to benefits such
as reducing reliance on oil, or environmental friendliness, or reduction in noise. Rather, they do
it because it makes them feel good, increasing their utility over time. However, it is hard to
quantify the benefit that comes from increasing consumer utility, mainly due to the small sample
size of how many have owned or driven an EV as of today, which limits research opportunities.
However, this is a benefit that should be considered in future analyses, especially when total EV
sales is high enough, as it could shift the PV value back to a positive figure.
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Another indirect benefit that was not quantified was how the growth in battery and EV
industries could lead to US economic growth41. While only the increase in jobs in the U.S.
market was quantified, this was only from a tax revenue perspective. Meanwhile, the increase in
disposable income, reduction in unemployment rate, and how the multiplier effect could bring
further benefits to the economy was not considered. These factors were not considered as it goes
beyond the scope of the battery and EV industry, and begins analyzing how markets could shift.
This is something that would increase the uncertainties of benefits and costs, and potentially lead
to more inaccurate PV values.

In terms of costs, there were also factors not quantified. For example, there were hidden,
or indirect costs, associated with the expansion of the battery and EV industry. One chief
example would include the costs of recalling EVs because they are faulty. For example, a total of
16 Fisker Karma extended-range EV, each costing more than $100,000, have caught fire after
reportedly being partially submerged by flash floods caused by Hurricane Sandy42. This led to a
recall of over 2,000 Fisker Karma EVs, and such costs are only predictable with probability. The
benefit-cost analysis does not include that, and believes that future EVs will have fewer incidents
of such recalls. Another cost is the potential legal fees that ensue. Owners of the damaged Fisker
Karma EVs could file formal complaints, which could potentially lead to lawsuits. These are
again left to probability to predict, and as the expected costs of such incidents are unknown, it
was best left out of the model as it might have further increased the uncertainties.

Accounting for Uncertain Factors
However, there are three main uncertainties that this report cannot fully address. The first
main uncertainty is that the benefit-cost analyses were created with the assumption that all
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benefits and costs due to investing in EV Li-ion batteries, which subsequently affects the growth
of the EV market, can be held constant and linearly extrapolated. For example, the quantification
of the “Reduction in CO2 Levels” benefit was a linear extrapolation of cost savings based on
averted damages of approximately 10 cents per gallon of gasoline consumed. However,
environmental cost and benefit functions tend to be highly nonlinear43. In this particular
estimation, the benefits might be barely noticeable for low levels of CO2 reduced, but then
become severe or even catastrophic once some uncertain threshold, or “tipping point”, is reached.
Such an uncertainty over the existence and/or position of a “tipping point” can greatly influence
the estimation range, as well as total value of benefits and costs. Hence, 10 cents could be the
estimated averted cost of carbon capture, but beyond the hypothetical “tipping point”, that value
could increase exponentially. Thus, the uncertainty about future benefits and costs are extremely
evident in this case.

Another example of the uncertainty associated with linear extrapolation, in terms of costs,
is the reduction of the extra cost it requires to purchase an EV over a non-EV. In quantifying the
extra costs to purchase an EV over a non-EV, linear extrapolation was assumed. A fall in price of
EVs by 7% per year is a hard assumption to make, as the marginal costs of production could be
extremely high initially, and after much innovation and research, reduce over time. Costs would
therefore be expected to drop significantly over shorter and earlier periods, due to a myriad of
factors including economies of scale that reduce manufacturing costs, overall lower component
prices due to manufacturing relocating to locations where costs are optimal, and/or due to battery
boosting innovations that increase the practical specific energy storage and energy density44.
Thus, such assumptions lead to uncertainty about future costs, and should be closely monitored
and varied as appropriate in future benefit-cost models.
18

ECON 26800: Energy & Energy Policy
Final Research Report

The second main uncertainty is that research and development implications of EV Li-ion
batteries involve important irreversibilities45, which can interact in uncertain complicated ways.
First, should the With situation occur while EV Li-ion batteries continue to advance, thereby
leading to the growth of EVs, certain sunk costs will be imposed on society. For example, in the
benefit-cost analysis, a sunk cost of the With situation would be the cost of research and
development, as well as implementing the necessary infrastructure to support the growth of the
EV industry. Since future benefits of investing in the EV Li-ion battery market and EV
technology are uncertain, these sunk costs are merely costs incurred, with no benefits thus far
and no method to reverse it. Yet the idea of uncertainty in future benefits allows for Obama to
argue that not aiming for such technology would lead to forgone flows of wage and consumption
benefits. Hence, irreversibility allows for the uncertainty of benefits to be fully utilized.

The third main uncertainty is the significance of time horizons and discount rates, and
how they can affect estimation uncertainty, as well as uncertainty about the list and quantities of
future benefits and costs. A long time horizon exacerbates the uncertainty, and beyond a 10-year
time period, it becomes extremely hard to predict the EV industry if only EV Li-ion batteries are
considered. Beyond the 10-year time horizon, other innovations might begin to revolutionize the
battery and EV industries. For example, batteries such as the Lithium-sulfur battery and Lithiumair battery are touted to be batteries of the future beyond 202546. Research and development
teams have already been shifting their attention to such batteries as they have even higher
theoretical specific energy storage, theoretical energy density, and environmental friendliness
compared to the Li-ion battery. Currently, BEVs are in limited production as there is no battery
that provides enough energy47. However, these new batteries could potentially lead to a
19
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breakthrough that would allow the commercialization of BEVs on an even grander scale.
However, reaching beyond the horizon of EV Li-ion batteries is a formidable challenge, as it
requires the exploration of new electrochemistry and new materials. While the scientific
concepts have been examined and understood, they have yet to be perfected and replicated to
allow for commercial use. Hence, these batteries would have been crucial components of the
model should a greater time horizon of 25-years been considered. The costs and risks would have
risen, but so too the list and size of benefits – here in shows that longer time horizons leads to
greater uncertainty about future events.

A long time horizon also affects the estimation uncertainty as the discount rate
uncertainty becomes more significant48. A slight variation by ±1% from the 7% discount rate
would lead to an uncertainty range of approximately $4.01 billion dollars. A slight variation by
±3% from the 7% discount rate would lead to an uncertainty range of approximately $12.17
billion dollars. While the PV of investing in battery technology, which subsequently affects the
EV industry, is still smaller than 0 in all instances of discount rates, the range of PV figures is
enough to suggest that if a longer time horizon was considered, the estimation uncertainty would
have been far greater, and perhaps PV could be greater than 0. As of this point, the costs
outweigh the benefits, and thus it is not justified to invest in batteries; however, with greater time
horizon, estimation uncertainty might have caused this conclusion to reverse.
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Conclusion
In conclusion, based on the benefit-cost analysis, the overall PV calculated was
approximately -$12.7 billion, which suggests that over a 10-year time horizon, and at a discount
rate of 7% along with other assumptions, that costs incurred in investing in the battery and EV
industries outweigh the benefits gained. The result of PV < 0 provides quantitative evidence that
Obama and his administration made the wrong choice in investing in these technologies. Even
with the estimation uncertainty due to variations of discount rate choice, the range of PV values
still were smaller than zero. Based on such findings, it is perhaps wiser to cut losses now rather
than lose more money several years down the road.

However, the idea of uncertainty, particularly over the identification and quantification of
benefits and costs, should not be overlooked. While varying the discount rate over the 10-year
time horizon did little to support Obama’s actions, increasing the time horizon to 25, or even 50years, could result in a change on fortunes should the benefit-cost analysis be conducted again.
In particular, newer technologies such as the Lithium-sulfur and Lithium-air batteries could
provide even greater benefits (or costs), while newer information would also reevaluate the
benefit and costs functions, as well as alter the assumptions and linear extrapolations made
within the current benefit-cost analysis. More quantitative research is required in order to assess
whether investing in battery and EV technology is beneficial to U.S.’ society, as changing certain
assumptions and variables of the benefit-cost analysis could yield results that are completely
opposite to the findings of this report.

21

ECON 26800: Energy & Energy Policy
Final Research Report
Bibliography
USEIA. Annual Energy Outlook 2012 with Projections to 2035. June 2012. Web. 14 Nov. 2012.
<http://www.eia.gov/forecasts/aeo/pdf/0383(2012).pdf>.
Pindyck, Robert S. Uncertainty in Environmental Economics. Rep. National Bureau of
Economic Research, Dec. 2006. Web. 10 Oct. 2012.
<http://www.nber.org/papers/w12752.pdf?new_window=1>.
Avni Energy Solutions Pvt Ltd. RENEWABLE ENERGY: The Power of the Future. Rep. N.p.,
2011. Web. 1 Dec. 2012. <http://avnienergy.com/images/franchise-kit.pdf>.
BP PLC. BP Statistical Review of World Energy. Rep. N.p., June 2012. Web. 12 Nov. 2012.
<http://www.bp.com/assets/bp_internet/globalbp/globalbp_uk_english/reports_and_publications/
statistical_energy_review_2011/STAGING/local_assets/pdf/statistical_review_of_world_energy
_full_report_2012.pdf>.
Johnston, Nicholas. "Obama Defends Stimulus Grants to Electric-Car Battery Plants."
Bloomberg, 14 July 2010. Web. 16 Nov. 2012. <http://www.bloomberg.com/news/2010-0715/obama-defends-stimulus-grants-to-electric-car-battery-plants.html>.
Lienert, Anita. "2012 Fisker Karma Recalled Following California Fire." Edmund's Inside Line,
20 Aug. 2012. Web. 10 Dec. 2012. <http://www.insideline.com/fisker/karma/2012/2012-fiskerkarma-recalled-following-california-fire.html>.
Zart, Nicolas. "The Psychology of Electric Car Drivers." Examiner.com, 26 Aug. 2012. Web. 8
Dec. 2012. <http://www.examiner.com/article/the-psychology-of-electric-car-drivers>.
Markley, Stephen. "Yes, Electric Cars Will Reduce Carbon Emissions - KickingTires." Cars.com,
27 July 2009. Web. 10 Dec. 2012. <http://blogs.cars.com/kickingtires/2009/07/yes-electric-carswill-reduce-carbon-emissions.html>.
Scrosati, Bruno, and Jürgen Garche. "Lithium Batteries: Status, Prospects and Future." Journal of
Power Sources 195.9 (2010): 2419-430. Print.
22

ECON 26800: Energy & Energy Policy
Final Research Report
U.S.A. Department of Energy. One Million Electric Vehicles By 2015. N.p., Feb. 2011. Web. 10
Dec. 2012.
<http://www1.eere.energy.gov/vehiclesandfuels/pdfs/1_million_electric_vehicles_rpt.pdf>.
Russell Hensley, Stefan Knupfer, and Dickon Pinner. "Electrifying Cars: How Three Industries
Will Evolve." The McKinsey Quarterly. McKinsey & Company, June 2009. Web. 10 Dec. 2012.
<https://www.mckinseyquarterly.com/Electrifying_cars_How_three_industries_will_evolve_237
0>.
EDTA. "Electric Drive Vehicle Sales Figures (U.S. Market) - EV Sales." N.p., Dec. 2012. Web.
10 Dec. 2012. <http://www.electricdrive.org/index.php?ht=d/sp/i/20952/pid/20952>.
Green Car Congress. "Green Car Congress: Pike Forecasts 26.4% CAGR for Electric-drive
Buses to 2018; Hybrid, Battery-electric and Fuel Cell." N.p., 20 Aug. 2012. Web. 10 Dec. 2012.
<http://www.greencarcongress.com/2012/08/pike-20120820.html>.
U.S.A. Department of Energy. "Hybrid and Plug-In Electric Vehicle Emissions Data Sources and
Assumptions." Alternative Fuels Data Center, 30 July 2012. Web. 10 Dec. 2012.
<http://www.afdc.energy.gov/vehicles/electric_emissions_sources.html>.
Tolley, George S. "Benefit/Cost Analysis, the Discount Rate, and the Economic Costs of R&D."
Energy & Energy Policy Lecture 5. Stuart Hall, Chicago. 24 Oct. 2012. Lecture.
USEIA. "2011 Brief: U.S. Average Gasoline and Diesel Prices over $3 per Gallon throughout
2011." N.p., 13 Jan. 2012. Web. 10 Dec. 2012.
<http://www.eia.gov/todayinenergy/detail.cfm?id=4570>.
"2011 Federal Tax Tables." N.p., 2011. Web. 10 Dec. 2012.
<http://www.investinginbonds.com/learnmore.asp?catid=3>.
Vocus PRW Holdings, LLC. "BEV Market, Battery Electric Vehicles Industry Growth Forecast
@ CAGR Of 15% during 2011-2020." N.p., 14 Aug. 2012. Web. 10 Dec. 2012.
23

ECON 26800: Energy & Energy Policy
Final Research Report
<http://www.prweb.com/releases/battery-electric-vehicles/market-bevindustry/prweb9798399.htm>.
The White House. "2.4 Billion in Grants to Accelerate the Manufacturing and Deployment of the
Next Generation of US Batteries and Electric Vehicles." N.p., 5 Aug. 2009. Web. 10 Dec. 2012.
<http://www.whitehouse.gov/the_press_office/24-Billion-in-Grants-to-Accelerate-theManufacturing-and-Deployment-of-the-Next-Generation-of-US-Batteries-and-ElectricVehicles>.
U.S. Department of Energy. "Team Led by Argonne National Lab Selected as DOE’s Batteries
and Energy Storage Hub." N.p., 30 Nov. 2012. Web. 10 Dec. 2012.
<http://energy.gov/articles/team-led-argonne-national-lab-selected-doe-s-batteries-and-energystorage-hub>.
US Social Security Administration. "Average Wages, Median Wages, and Wage Dispersion."
N.p., 16 Oct. 2012. Web. 10 Dec. 2012. <http://www.ssa.gov/oact/cola/central.html>.
Fender, David L. Rep. American Society of Safety Engineers, Jan. 2011. Web. 10 Dec. 2012.
<http://www.asse.org/professionalsafety/docs/Fender_0111.pdf>.
Van Den Berg, Martin. Valuation of Noise. Rep. N.p., 4 Dec. 2003. Web. 10 Dec. 2012.
<http://ec.europa.eu/environment/noise/pdf/valuatio_final_12_2003.pdf>.
Jeremy David, and Howard Herzog. U.S. Department of Energy, 2000. Web. 10 Dec. 2012.
<http://www.netl.doe.gov/publications/proceedings/01/carbon_seq_wksp/david-herzog.pdf>.
Boston Consulting Group. N.p., Jan. 2010. Web. 10 Dec. 2012.
<http://www.electricdrive.org/index.php?ht=a/GetDocumentAction/id/27906>.
U.S. Department of Transport. N.p., 4 Apr. 2011. Web. 10 Dec. 2012.
<http://www.fhwa.dot.gov/ohim/onh00/bar8.htm>

24

Appendix:
Assumptions – Raw data and extrapolation

ECON 26800: Energy & Energy Policy
Final Research Report

26

ECON 26800: Energy & Energy Policy
Final Research Report

27

Endnotes:
1

USEIA. 2012
BP PLC. June 2012
3
Avni Energy Solutions Pvt Ltd. 2011
4
U.S.A. Department of Energy. February 2011
5
Johnston. 14 July 2010
6
Scrosati and Garche, 2010
7
Scrosati and Garche, 2010
8
U.S.A. Department of Energy. February 2011
9
Green Car Congress. 20 August 2012
10
Scrosati and Garche, 2010
11
Hensley, Knupfer and Pinner. June 2009
12
Vocus PRW Holdings, LLC. 14 August 2012
13
The White House. 5 August 2009
14
The White House. 5 August 2009
15
U.S. Department of Energy. 30 November 2012
16
The White House. 5 August 2009
17
Johnston. 14 July 2010
18
EDTA. December 2012
19
Tolley. 24 October 2012
20
EDTA. December 2012
21
Green Car Congress. 20 August 2012
22
Boston Consulting Group. January 2010
23
U.S.A. Department of Energy. February 2011
24
USEIA. 13 January 2012
25
U.S. Department of Transport. 4 April 2011
26
U.S. Department of Energy. 30 July 2012.
27
U.S. Department of Energy. 30 July 2012.
28
U.S. Department of Energy. 30 July 2012.
29
U.S. Department of Energy. February 2011
30
2011 Federal Tax Tables. 2011
31
US Social Security Adminstration. 16 October 2012
32
Fender. January 2011
33
Fender. January 2011
34
Van Den Berg. 4 December 2003
35
Markley, 27 July 2009
36
David and Herzog. 2000
37
Hensley, Knupfer and Pinner. June 2009
38
Boston Consulting Group. January 2010
39
Boston Consulting Group. January 2010
40
Zart. 26 August 2012
41
U.S.A. Department of Energy. February 2011
42
Lienert. 20 Auguest 2012
43
Pindyck. December 2006
44
Hensley, Knupfer and Pinner. June 2009
45
Pindyck. December 2006
46
Scrosati and Garche, 2010
47
Hensley, Knupfer and Pinner. June 2009
48
Pindyck. December 2006
2

28

