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INTEREST OF THE AMICI

The Center for Environmental Accountability (CEA) is a non-profit
organization whose mission is to promote transparency, excellence, and
accountability in environmental policy and fidelity to the rule of law. Its
commitment to a clean environment includes commitment to a healthy human
environment, such that people from all walks of life can thrive. To date, it has
submitted sixteen distinct sets of comments to agencies at the federal and state
level in ten different areas of environmental law and policy. As a result, the CEA
has a significant interest in the outcome of this case.

CEA respectfully submits that its broad familiarity with environmental law
and policy, together with its specific insights on the regulations at issue in this
case, enable it to be of considerable help to the Court.

ARGUMENT

Pursuant to Fed. R. App. P. 29(a)(3) and D.C. Cir. R. 29(b), the CEA
respectfully moves this Court for leave to file the attached brief as amicus curiae in
support of the State and Private Petitioners. As demonstrated in the attached brief,
the CEA would like to highlight EPA’s failure to properly consider the cost of
compliance with the Rule at issue in this case along with serious deficiencies with

the Agency’s cost-benefit analysis. CEA’s proposed brief demonstrates further the

(Page 2 of Total)



USCA Case #24-1087 Document #2074748

Filed: 09/13/2024 Page 3 of 5

EPA’s arbitrary and capricious rulemaking process, which should lead this Court

to reverse the Rule.

CONCLUSION

The Court should grant leave to file the attached Amicus Curiae Brief of the

Center for Environmental Accountability supporting the Private and State

Petitioners.

DATED: SEPTEMBER 13, 2024

Joseph A. Magliolo
JACKSON WALKER L.L.P.
2323 Ross Ave., Suite 600
Dallas, Texas 75201

[Tel.] (214) 953-6007
[Fax] (214) 661-6839
Jjmagliolo@jw.com
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CERTIFICATE OF COMPLIANCE
Pursuant to Fed. R. App. P. 32(g), I hereby certify that this motion complies
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32(a)(6) because the brief was prepared in 14-point Times New Roman font using

Microsoft Word.
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DISCLOSURE STATEMENT PURSUANT TO CIRCUIT RULE 26.1

The Center for Environmental Accountability (CEA) is a non-profit
organization whose mission is to promote transparency, excellence, and
accountability in environmental policy and fidelity to the rule of law. Its
commitment to a clean environment includes commitment to a healthy human
environment, such that people from all walks of life can thrive. To date, it has
submitted sixteen distinct sets of comments to agencies at the federal and state
level in ten different areas of environmental law and policy. CEA respectfully
submits that its broad familiarity with environmental law and policy, together with
its specific insights on the regulations at issue in this case, enable it to be of
considerable help to the Court.

The CEA has no parent corporation; no publicly held company has a 10% or
greater ownership interest in the CEA; and CEA does not have any members who
have issued shares or debt securities to the public.

/s/ Michael J. Nasi
Michael J. Nasi

i
(Page 7 of Total)



USCA Case #24-1087  Document #2074748 Filed: 09/13/2024  Page 3 of 23

CERTIFICATE OF PARTIES, RULINGS, AND
RELATED CASES PURSUANT TO CIRCUIT RULE 28(A)(1)

A. Parties and Amici. Except for amicus Center for Environmental
Accountability, and amici The Buckeye Institute and Pacific Legal Foundation, all
parties and intervenors appearing in this Court are listed in the Brief for Private
Petitioners, filed September 6, 2024.

B. Ruling Under Review. An accurate reference to the ruling at issue
appears in Private Petitioners’ Brief, filed September 6, 2024.

C. Related Cases. The only related cases of which counsel are aware are

identified in Private Petitioners’ Brief, filed September 6, 2024.

/s/ Michael J. Nasi
Michael J. Nasi
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STATEMENT REGARDING CONSENT TO FILE
AND SEPARATE BRIEFING

All Private Petitioners have consented to the filing of this amicus brief.
Counsel for amicus contacted all other known counsel on September 11, 2024 to
determine whether they were opposed or unopposed to the CEA filing this brief.
Counsel for the Commonwealth of Kentucky, the State of Mississippi, and the
Association for Automotive Innovation, have indicated they consent to the filing of
this brief. Counsel for amicus CEA has not heard the position on this brief from
remaining counsel.

Pursuant to Circuit Rule 29(d), Amicus certifies that a separate brief is
necessary to provide the CEA’s unique perspective on and broad familiarity with
environmental law and policy.

/s/ Michael J. Nasi
Michael J. Nasi

v
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STATEMENT OF AUTHORSHIP AND FINANCIAL CONTRIBUTIONS

No party’s counsel authored this brief in whole or in part. Nor did any party
or party’s counsel, or any other person other than amicus, contribute money that
was intended to fund preparing or submitting this brief.

/s/ Michael J. Nasi
Michael J. Nasi
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INTEREST OF AMICUS CURIAE

The Center for Environmental Accountability (CEA) is a non-profit
organization whose mission is to promote transparency, excellence, and
accountability in environmental policy and fidelity to the rule of law. Its
commitment to a clean environment includes commitment to a healthy human
environment, such that people from all walks of life can thrive. To date, it has
submitted sixteen distinct sets of comments to agencies at the federal and state
level in ten different areas of environmental law and policy. As a result, the CEA
has a significant interest in the outcome of this case.

CEA respectfully submits that its broad familiarity with environmental law
and policy, together with its specific insights on the regulations at issue in this
case, enable it to be of considerable help to the Court.

INTRODUCTION

EPA’s cost-benefit analysis purportedly supporting the Rule at issue here, as
shown in the Petitioners’ briefs, is so fundamentally flawed to render it arbitrary
and capricious. Additionally, a pioneering study described below demonstrates
that, in addition to the many salient points in the Petitioners’ briefs, the cost-benefit
analysis is further undermined by the EPA’s failure to consider tens of thousands

of dollars in hidden costs that apply to every single electric vehicle sold in the
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United States and are transferred to purchasers of internal combustion engine
vehicles in the form of higher prices.

EPA forces this regulatory cross-subsidy through the issuance of credits
earned and traded under the emissions standards, which forces auto manufacturers
to build more electric vehicles than consumers want. To induce consumers to
purchase electric vehicles in the requisite numbers, retailers have no choice but to
mark down electric vehicles considerably below manufacturing cost. In turn, to
earn a profit on their overall fleet, manufacturers raise the prices for internal
combustion engine vehicles. Because the EPA failed to reasonably consider these
costs, which are largely borne by the many American car buyers who do not want
or have electric vehicles, EPA’s rule is arbitrary and capricious and should be
reversed.

SUMMARY OF ARGUMENT

Despite propping up the electric vehicle industry for many years, EPA still
acknowledges that these vehicles cost far more to purchase and maintain over the
life of an internal combustion engine vehicle. EPA has drastically undersold the
true cost of electric vehicles to manufacturers, obscured the extent to which
manufacturers and retailers must raise prices for internal combustion engine
vehicles in order to achieve compliance with the emissions standards, and hidden

this cost-shifting from the many consumers who, while having no desire to
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purchase an EV, unwittingly foot the bill for the small segment of Americans who
do. EPA has not adequately conducted a cost-benefit analysis of these regulatory
cross-subsidies or disclosed them to consumers, rendering this regime arbitrary and
capricious.

STATUTES AND REGULATIONS

All pertinent materials are contained in State and Private Petitioners’
Petitions for Review and Initial Briefs and related addenda.

BACKGROUND

As set forth in the Private Petitioners’ brief, on April 18, 2024, the EPA
issued standards for light- and medium-duty vehicles for model years 2027 through
2032 that set “more stringent emissions standards for criteria pollutants,” including
non-methane organic gases and nitrogen oxides. 89 Fed. Reg. at 27,842, 27,857,
see also 89 Fed. Reg. at 27,856, 27,857, 28,198 (hereafter, the Rule).

Congress directs EPA to consider the “costs of compliance” with any new
emission standards issued under Section 202 of the Clean Air Act. 42 U.S.C.

§ 7521(a)(2). EPA has failed to do so here, even though several commenters
raised these issues to the Agency during notice and comment. See, e.g., Clean

Fuels Development Coalition et al., Comments on the Rule (July 5, 2023),

https://tinyurl.com/yc8ncinj (“CFDC Comments”). Not only has EPA failed to

consider these comments, it has made the problem worse, as discussed below.
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Research on the cost of vehicle electrification continues to unfold, and the
Texas Public Policy Foundation released a groundbreaking study' demonstrating
the hidden costs of electric vehicles, and how those costs are actually borne by
consumers who choose not to purchase electric vehicles. The TPPF Study notes
the EV proponents’ claim that, notwithstanding an approximately $22,000 higher
purchase price for an EV as compared to an ICEV, that an EV’s lifetime cost over
fifteen years would only exceed an ICEV’s by approximately $8,000 when
accounting for claimed fuel, insurance, and maintenance savings. TPPF Study at
1. This claimed $8,000 margin, however, does not account for the huge hidden
costs borne by state and federal taxpayers in the form of subsidies, credits, and
other cost-shifting measures which balloon the actual cost of owning a model year
(MY) 2021 EV over ten years. The TPPF Study demonstrates that complex and
opaque regulatory credits drive the largest share of hidden EV costs, adding an
estimated $27,881 to the actual cost of each EV. See TPPF Study at 6-

7. Commenters pointed out another type of cost-shifting—cross-subsidies—
discussed further below, which represents between $10,500 and $60,000 in hidden
costs. (CFDC Comments, at 19.) EPA hides and minimizes these costs,

hopelessly skewing its cost-benefit analysis.

' See Bennett, Brent, PhD & Isaac, Jason, Overcharged Expectations: Unmasking
the True Costs of Electric Vehicles, TEXAS PUBLIC POLICY FOUNDATION (Oct. 25,
2023) (attached to this filing as Exhibit A) (hereinafter, the “TPPF Study”).
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ARGUMENT

EPA Failed to Reasonably Consider Who Will Bear the Full Cost of the
Rule.

Congress commanded that the EPA must consider “the cost of compliance”
when developing emission standards for mobile sources under Section 202(a) of
the Clean Air Act. 42 U.S.C. § 7521(a)(2). EPA must conduct this analysis before
new emission standards may take effect. /d. Balancing the costs and benefits of a
rule is a factor in the determination that a regulation may be arbitrary and
capricious. See Am. Petroleum Inst. v. EPA, 216 F.3d 50, 57 (D.C. Cir. 2000)
(rejecting rule because EPA made no attempt to “balance the costs and benefits™).
The leading Executive Order on this subject directs that it is “essential to consider”
the “qualitative measures of costs and benefits that are difficult to quantify” (as
defined by Executive Order 12,866 and modified by Executive Order 14,094).
Exec. Order No. 12,866 §§ 3(f), 6(a)(3)(C), 58 Fed. Reg. 51,735, 51,738, 51,741
(Oct. 4, 1993).

EPA has concealed a key component of the cost of compliance—cross
subsidization. Auto manufacturers subsidize the cost of electric vehicles by
increasing the price of conventional vehicles, maintaining overall profitability.

The reason for this is that consumers are unwilling to pay a price that reflects the
full cost of manufacturing an electric vehicle. As commenters pointed out to EPA,

there is “overwhelming evidence that the manufacturing costs for electric vehicles
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far exceed their current MSRPs and that current prices are the result of (large)
cross subsidization.” CFDC Comments, at 16; see also American Fuel and
Petrochemical Manufacturers, Comments on the Rule (July 5, 2023),
https://tinyurl.com/57nejrev (“Ford lost approximately $58,000 for each [Zero
Emission Vehicle] it sold during [the first quarter of 2023,] more than an order of
magnitude greater than EPA’s estimates.”); American Free Enterprise Chamber of
Commerce, Comments on the Rule, 24-30 (July 5, 2023),
https://tinyurl.com/y9znbvhw. Indeed, commenters provided detailed analysis that
estimated these cross subsidies to be between $10,500 and $60,000 per vehicle,
depending on the manufacturer. CFDC Comments, at 19. Although commenters
notified the Agency of the importance of considering these costs before
promulgating the Rule, EPA brushed these comments aside. EPA, Response to
Comments for the Rule, 963-65, 1391-92 (Mar. 2024) (failing to address
comments related to missing costs in EPA’s cost of compliance analysis).

The TPPF Study concludes that complex and opaque regulatory credits drive
the largest share of cross-subsidies between EVs and ICEVs, shouldering $27,881
of the actual cost of manufacturing each EV. See TPPF Study at 6-7. Current
CAFE standards require automakers to purchase credits if their fleet-wide miles-
per-gallon average is above EPA standards. TPPF Study at 8. The TPPF Study

added that the figure utilized likely under-calculates the actual penalties the EPA
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currently impose.> EV manufacturers, benefitting from an incorrect interpretation
of Department of Energy regulations that improperly credit EV manufacturers with
an extraordinary amount of claimed fuel-economy improvement per vehicle sold,
can sell these credits to ICEV makers who require them for compliance purposes.
TPPF Study at 7-8. Because of this improper interpretation, however, EV
manufacturers earn approximately $19,678 worth of credits for each EV sold,
based on the requirement that ICEV manufacturers purchase credits to meet a fleet-
wide miles-per-gallon target. TPPF Study at 8.

EPA standards drive the costs further, based on the EPA’s “banking system
for meeting its GHG [greenhouse gasses] emission standards.” TPPF Study at 9.
This additional credit system, despite EPA’s lack of any authority to create it,
generates another market for EV manufacturers to earn approximately $3,322 per
EV in the form of credits it can sell to manufacturers who fall short of the GHG
emissions standard. TPPF Study at 9-10. Finally, state regulatory mandates,
principally in California but also elsewhere, result in a further hidden cost of
$4,881 per EV sold in the United States. TPPF Study at 10.

While EPA acknowledges the possibility of cross subsidization, the

Agency’s estimates are neither reasonable nor reasonably explained. Indeed, the

2 The TPPF Study notes this $5.50 per 0.1 MPG penalty used in the study is very
conservative, as the penalty has risen to $16 per 0.1 MPG over the fleet-wide
average. TPPF Study at 8.
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EPA effectively blinds itself—and the public—to the significance of these costs by
unreasonably capping them at 5% as a part of its regulatory cost model,
“OMEGA.” EPA, Regulatory Impact Analysis for the Rule, at 2-90; see also
CFDC Comments, at 16-18.

The Agency justifies excluding the true degree of these costs from its
analysis because, it says, it “cannot observe” them. /d. at 16. This is not a
reasonable justification for EPA to throw up its hands. For one, the EPA could
simply ask manufacturers for information on the value of these cross-subsidies as a
part of the proposed rule or an information collection request, as it has done many
times in the past. For another, the EPA goes to great lengths to estimate a broad
range of benefits of the Rule, many of which are not observable or require
modeling and assumptions to calculate. See, e.g., EPA, Regulatory Impact
Analysis for the Rule, at 6-6 (discussing the social cost of greenhouse gases). A
reasonable cost-benefit analysis cannot be so selective in making a searching
inquiry.

In its preamble to the Rule, EPA notes that it received a number of
comments related to its modeling approach, and it made several significant
adjustments to the OMEGA model’s assumptions and functionality. 89 Fed. Reg.
27,983. However, the Agency made no changes to properly consider cross-

subsidization as a part of the model. /d. tbl. 66. Indeed, the only change EPA
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made to OMEGA’s assessment of cross-subsidization was to make the problem
worse, constraining cross-subsidies to be “within 5 percent of the marked up
vehicle manufacturing cost.” EPA, Regulatory Impact Analysis for the Rule, at 2-
90. In its Regulatory Impact Analysis, EPA admits that this is “likely a
conservative (i.e., low) limit of pricing flexibility” as more recent trends have
shown these cross-subsidies may be higher—perhaps even as high as 100% of the
cost of the vehicle. /d. EPA provides no further justification for this arbitrary
assumption, which ignores and obscures the economic problem faced by
automakers: consumers are not willing to purchase EVs at a price anywhere near
their cost. These costs are moved elsewhere, and because EPA’s analysis does not
reasonably consider them, its entire cost-benefit analysis is hopelessly skewed.
One consequence of failing to consider and disclose these costs is that the
EPA obscures an uncomfortable and inconvenient fact: These hidden cross-
subsidies are borne by individuals who have chosen not to purchase an electric
vehicle. As the TPPF Study notes, the Ford Motor Company lost over $70,000 for
every EV it sold in the second quarter of 2023, see TPPF Study at 1, while the

company’s only profit came from ICEV vehicles.? In other words, individuals

3 See Chris Isidore, CNN.com, “Ford just reported a massive loss on every electric
vehicle it sold” (April 25, 2024), https://tinyurl.com/42mpseb7 (last visited
September 12, 2024).
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buying ICEVs are subsidizing the automakers who are forced into making EVs in
order to meet the EPA’s extra-legal regulatory regime.

The EPA indicated that manufacturers will follow the “least-cost pathway,”
which in its view, requires manufacturing more EVs. See 89 Fed. Reg. at 28,058.
This claim simply ignores the hidden costs detailed above, rendering this
consideration arbitrary and capricious. See Owner-Operator Indep. Drivers Ass’n
v. Fed. Motor Carrier Safety Admin., 494 F.3d 188, 206 (D.C. Cir. 2007) (vacating
regulations because cost-benefit analysis was insufficiently explained).

Indeed, while the EPA claims the marginal cost of manufacturing all light-
duty vehicles will increase by just $2,074 per vehicle made in 2032, this does not
account in any way for the huge hidden costs identified by commenters and as
noted in the TPPF Study. See 89 Fed. Reg. at 27,861, 27,987, 28,057. As listed
above, the actual costs related to each EV sold far outstrip any claimed savings for
these vehicles, with the costs borne by automakers—and, then, their customers—
who are not beneficiaries of this EPA-created credits marketplace and various
taxpayer-funded subsidies, and the taxpayers who pay for this scheme despite not
purchasing EVs in great quantities.

EPA claims it need not evaluate these costs, citing this Court’s precedent
that EPA may exclude them from the “cost of compliance” under Section 202(a).

89 Fed. Reg. at 27,889. Your amicus may disagree as a matter of statutory

10
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interpretation, but whether this is the correct interpretation of the Clean Air Act is
beside the point, because these costs are also excluded from the EPA’s cost-benefit
analysis justifying the rule. Because the benefits portion of EPA’s cost-benefit
analysis is based on global benefits, the Agency must consider the at least the full
cost of its action nationally when assessing its costs.

When, as the EPA did here, “an agency decides to rely on a cost-benefit
analysis as part of its rulemaking, a serious flaw undermining that analysis can
render the rule unreasonable.” See Nat’l Ass’n of Home Builders v. EPA, 682 F.3d
1032, 1040 (D.C. Cir. 2012); see also City of Portland v. EPA, 507 F.3d 706, 713
(D.C. Cir. 2007) (noting that “we will [not] tolerate rules based on arbitrary and
capricious cost-benefit analyses™). And, while the Court provides some deference
when analyzing such analyses, the EPA’s failure to consider between $10,500 and
$60,000 in hidden costs per electric vehicle sold renders the Rule arbitrary and
capricious. See Nat’l Ass’n of Home Builders, 682 F.3d at 1040. In keeping with
Circuit precedent, this Court should not tolerate EPA’s final decision based on
such an arbitrary and legally indefensible cost rationale. See City of Portland, 507

F.3d at 713; Owner-Operator Indep. Drivers Ass 'n, 494 F.3d at 206.

11
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CONCLUSION

For the foregoing reasons and the reasons set forth in Petitioners’ briefs, the

Court should reverse the EPA’s Rule.
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Overcharged Expectations:
Unmasking the True Costs of
Electric Vehicles

Brent Bennett and Jason Isaac

Executive Summary

An in-depth analysis of the comprehensive costs associated with electric vehicle
(EV) ownership is crucial for a holistic understanding of the economic landscape
surrounding the attempted mass transition from internal combustion engine
vehicles (ICEVs) to EVs. Major selling points promoted by EV advocates are
lower maintenance and fueling costs over the life of the vehicle and the common
claim that reductions in battery prices will eventually make EVs less expensive
to own than ICEVs. For example, a study conducted by a group at the Argonne
National Laboratory estimated that while an average EV is about $22,000 more
expensive to purchase than a comparable ICEV, they cost about $14,000 less to
fuel, insure and maintain over a 15-year period, making their lifetime cost only
$8,047 more than an ICEV (Burnham et al., 2021, p. 144, Table B.1).

Setting aside some of the questionable assumptions used in deriving such
favorable economics for EV's, no one has attempted to calculate the full financial
benefit of the wide array of direct subsidies, regulatory credits, and subsidized
infrastructure that contribute to the economic viability of EVs. In this paper, we
show that the average model year (MY) 2021 EV would cost $48,698 more to
own over a 10-year period without $22 billion in government favors given to EV
manufacturers and owners.

EV advocates claim that the cost of electricity for EV owners is equal to $1.21
per gallon of gasoline (Edison Electric Institute, 2021), but the cost of charging
equipment and charging losses, averaged out over 10 years and 120,000 miles, is
$1.38 per gallon equivalent on top of that. Adding the costs of the subsidies to
the true cost of fueling an EV would equate to an EV owner paying $17.33 per
gallon of gasoline. And these estimates do not include the hundreds of billions
more in subsidies in the Inflation Reduction Act (2022) for various aspects of the
EV supply chain, particularly for battery manufacturing. It is not an overstate-
ment to say that the federal government is subsidizing EVs to a greater degree
than even wind and solar electricity generation and embarking on an unprece-
dented endeavor to remake the entire American auto industry.

Despite massive incentives, EVs are receiving a tepid response from the major-
ity of Americans who cannot shoulder their higher cost. Car lots are swelling
with unsold EVs (Muller, 2023), and the Ford Motor Company is losing over

Key Points

- The cost of producing electric

vehicles (EVs) is far higher than
the prices they are being sold for.
Nearly $22 billion in federal and
state subsidies and regulatory
credits suppressed the retail price
of EVsin 2021 by an average of
almost $50,000.

- Thanks to an unlawful multiplier,

EVs receive nearly seven times
more credits under federal fuel
efficiency programs than they
provide in actual fuel economy
benefits.

- Regulatory credits with bonus

EV multipliers from federal fuel
efficiency and greenhouse gas
emissions standards and state

EV sales mandates provide an
average of $27,881 in benefits per
vehicle for producers of EVs.

- Home and public charging sta-

tions used by EVs put a significant
strain on the electric grid, result-
ing in an average of $11,833 in
socialized costs per EV over 10
years, which are shouldered by
utility ratepayers and taxpayers.

- Direct state and federal subsidies

for EVs average $8,984 per vehicle
over 10 years.

$70,000 on each EV it currently sells (Bryce, 2023). EV enthusiasts are holding out for breakthroughs in battery tech-
nology—batteries being the main factor in the high cost of EVs—to reduce prices and make EVs more widespread. But
advances in battery technology are measured not in months but in decades, and the downward trend of lithium-ion
battery costs over the past decade has largely ended (IEA, 2023a). It’s time for federal and state governments to stop
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driving the American auto industry off an economic clift
and allow markets to drive further improvements in cost
and efficiency.

Introduction

A common argument in favor of electric vehicles (EVs)

is that, despite their higher upfront costs, their lifetime
ownership costs are comparable to or even lower than
gas-powered vehicles, also known as internal combustion
engine vehicles (ICEVs). These lower lifetime costs are
calculated based on lower maintenance costs resulting
from the simplicity of electric motors compared to gasoline
engines and the lower cost of charging an EV compared to
the cost of gasoline over the lifetime of an ICEV (Harto
2020; Borlaug et al., 2020).

A group from Argonne National Laboratory attempted

to analyze this argument with a detailed 2021 study and
projected that a model year 2025 (MY2025) EV with a
300-mile range will cost $96,295 to purchase, insure, fuel,
and maintain over 15 years if driven 12,000 miles per year
(Burnham et al., 2021, p. 144, Table B.1). A typical light-
duty ICEV—the paper uses a small SUV as its base case—
costs about $22,000 less to purchase ($28,935 vs. $50,703)
but is only $8,047 less expensive over its lifetime ($88,248
vs. $96,295) because ICEV has higher fueling and mainte-
nance costs.

However, even this simplified analysis ignores the hid-
den and embedded costs that EV owners are not paying
directly. When we pay for a gallon of gasoline, we are
paying for the entire infrastructure to refine, transport,
and market that gasoline. When an EV owner connects to
the electric grid, how much are they paying for the extra
generation, transmission, and distribution costs that they
are imposing on the grid, and will those embedded costs
rise over time? And then there are the federal and state
taxes imposed on every gallon of gasoline compared with
tax rebates for EVs, as well as the indirect subsidies created
by the federal Corporate Average Fuel Economy (CAFE)
standards and the Environmental Protection Agency’s
(EPA) greenhouse gas (GHG) emissions standards, which
this paper will show are surprisingly large and are being
absorbed by buyers of ICEVs.

When we add up these hidden costs, especially if the share
of EVs grows from their current 8% market share of new
vehicles being sold in the U.S. (IEA, 2023b, “EV sales share,

cars, USA, 2010-2022” section), we find that the lifetime
cost of a typical EV is far greater than that of an ICEV. Even
a significant drop in battery costs is unlikely to close the

gap in the near future. Figure 1 below shows the lifetime
embedded costs as well as the direct and indirect subsidy
costs of an EV compared to a new ICEV.

The elements of this chart can be broken down into three
buckets. First are the direct subsidies paid out by the fed-
eral government and many state governments. Most promi-
nent among the litany of direct subsidies is the $7,500
federal tax credit for EVs which was recently extended and
modified by the Inflation Reduction Act (H.R. 5376, 2022,
Sec. 13401), but many states also gave handouts to EV
buyers to the tune of almost $1,500 when averaged across
all EVs sold in 2021. There are also federal, state, and utility
subsidies for charging infrastructure, which add up to more
than $1,300 per EV.

Second are the indirect subsidies, most notably avoided
state and federal fuel taxes. Given that fuel taxes are used
to fund road construction and maintenance, and EV's are
heavier than comparable ICEVs and thus impart more
stress on roads, EV owners should be paying more than
ICEV owners in fuel taxes. But most states are only slowly
catching up to fixing the gap in tax treatment, and the
federal government is doing nothing at all. Another piece
of hidden subsidies are the extra costs imparted on the
electric grid by EVs, of which EV owners are only paying
a portion. Generation, transmission, distribution, and
overhead costs for utilities are all affected by EVs, and it is
crucial for the future of the electric grid that EVs charge at
times that reduce demand volatility rather than increase it
as is often the case today.

Finally, regulatory mandates, which are the three blue
columns on the right side of Figure 1, make up the largest
chunk of the hidden cost of EVs. The largest contribution
is due to the CAFE standards, which in recent years have
been made increasingly stringent in order to make ICEVs
more expensive and to drive EV adoption. On top of that,
the EPA has been empowered to enact GHG emissions
standards above and beyond the de facto reductions in
GHG emissions created by the CAFE standards. Many
states, most notably California, also have zero emissions
vehicle (ZEV) mandates that require automakers to sell a
certain number of EVs in those states and act as another
tax on ICEVs.

Combining all these hidden subsidies adds $48,698 to the
cost of an average MY2021 EV over 10 years, far exceed-
ing the $8,047 difference given by Burnham et al. (2021).
Assuming the EV is driven for 10 years and 120,000 miles—
an optimistic assumption given that that the average U.S.
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Figure 1(a)
Subsidies and Regulatory Credits Accrued by a MY2021 Electric Vehicle Over 10 Years
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Figure 1(b)

Subsidies and Excess Charging Costs Accrued by a MY2021 Electric Vehicle Over 10 Years, Expressed in Terms of the
Cost per Equivalent Gallon of Gasoline
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light-duty vehicle is driven 11,467 miles per year (EERE,
2020) and most EVs are used for short-distance trips and
commutes—these subsidies and the average of $4,569 in
extra costs incurred by EV owners for charging and electric-
ity losses are equivalent to the EV owner paying $53,267 over
the lifetime of the vehicle. EV advocates claim the cost of
electricity to charge an EV is $1.21/gallon equivalent (Edison
Electric Institute, 2021). However, the true cost of fueling a
MY2021 EV; including excess charging costs and subsidies,
is equal to $17.33 per gallon of gasoline. This analysis shows
that electricity is a long way from becoming a cost-effective
transportation fuel compared to gasoline.

Federal policy is also pushing EVs over hybrid vehicles,
even though hybrids offer a far more efficient way to
improve fuel economy and reduce emissions. They use a
much smaller battery, offer excellent driving range and
performance, and don't require any upgrades to our electric
infrastructure. Toyota estimated that 90 hybrid batteries
can be made from the same amount of raw materials as one
EV battery and that those hybrids will reduce emissions 37
times more over their lifetime than one EV (McParland
2023). However, hybrids receive far fewer subsidies and
regulatory favors than EVs, as the prevailing political con-
sensus is “all EV or nothing”

The optimistic assumptions from Burnham et al. and other
researchers regarding maintenance costs, battery life, etc.
are worth noting but are beyond the scope of this study.
The focus here will be explaining the different elements

of Figure 1 and showing how EV's are not economical

for most drivers without state and federal subsidies and
regulatory mandates forcing them into the marketplace and
hiding the true costs of manufacturing and using them.

Section 1: Regulatory Credits

The largest source of financial support for EVs comes not
from direct subsidies but from hidden costs driven by
federal regulations. These regulatory standards are applied
on a fleetwide basis and allow for the trading of regula-
tory credits, the costs of which are passed on to buyers

of gasoline and diesel vehicles. What’s not hidden is the
desire of federal regulators to use these standards to force
Americans to buy EVs, and when the latest standards
were announced earlier this year the Biden administration
prominently noted that they are designed to make 67% of
new light-duty vehicles sold in the U.S. all-electric by 2032
(The White House, 2023).

Two sets of federal standards are being used to drive EV
adoption, and the CAFE standards are the most prominent.

Congress established the CAFE standards in 1975 following
the Arab oil embargo and a (now debunked) concern that
the U.S. was reaching “peak oil,” that is, that it would no
longer be able to sufficiently increase oil production to meet
growing demand. The CAFE standards require that each auto
manufacturer meet a certain minimum average fuel economy
across their entire fleet of new vehicles sold in the U.S. (49
U.S.C. 32902). The National Highway Transportation Safety
Administration (NHTSA), housed inside the Department of
Transportation (DOT), is responsible for setting the stan-
dards, while the EPA is responsible for determining the fuel
economy of each year’s new vehicle models.

The dubious notion that the public good of reducing oil
demand justified a federally mandated minimum fuel econ-
omy for all U.S. passenger vehicles—thereby trumping other
consumer preferences for safety, vehicle size, performance,
and so on—underpinned the existence of the CAFE stan-
dards for over three decades. It also drove the expansion of
preferential treatment within federal regulations for alterna-
tive fuel vehicles, such as ethanol, natural gas, and hydrogen.

The second set of federal standards are the GHG emis-
sions standards established by the EPA. Just as concerns
about the U.S. running out of oil abated thanks to the shale
revolution that began in the mid-2000s, another dubious
public good was rising up to justify improving the fuel
economy of the U.S. vehicle fleet: reducing emissions of
GHGs from vehicles to appease those who believe it will
mitigate climate change. Transportation accounted for 28%
of total U.S. GHG emissions in 2021 (EPA, n.d.) and U.S.
emissions accounted for a 13% (and declining) share of
global emissions in 2020 (Crippa et al., 2021, p. 239), which
means U.S. transportation accounts for only a fraction of
the global total. Nevertheless, environmental groups have
made reducing GHG emissions from U.S. vehicles a prior-
ity policy plank for over three decades.

The U.S. Supreme Court granted environmental groups
their wish with the Massachusetts v. EPA decision (2007),
which held that the EPA had the authority under the Clean
Air Act to regulate GHG emissions from vehicles. However,
the technology does not yet exist to efficiently capture or
convert GHGs as they leave the tailpipe. Today, the primary
options for reducing GHG emissions from vehicles are to
improve engine fuel efficiency, use lower emitting fuels, or
convert to all-electric vehicles.

Since the addition of the EPA standards, the DOT and the
EPA have worked in tandem to produce coherent GHG and
CAFE standards. As described in the rest of this section,
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Figure 2
CAFE Standards for Light-duty Vehicles, 1978-2025

50

45
40
35
<
9 30
1]
o 25
S
&
“ 20 /V
= P
E 15 assenger Cars

=== Light-Duty Trucks
10

5

0
1978 1983 1988 1993 1998 2003 2008 2013 2018 2023

Model Year

Note. Data from CAFE Standards for 1978-2010 from Summary of Fuel Economy
Performance, by National Highway Traffic Safety Administration, December 15,
2014 (https://www.nhtsa.gov/sites/nhtsa.gov/files/performance-summary-report-
12152014-v2.pdf); CAFE Standards for 2011-2016 from Light-Duty Vehicle
Greenhouse Gas Emission Standards and Corporate Average Fuel Economy
Standards, Final Rule, 75 Fed. Reg. 25324, May 7, 2010 (https://www.govinfo.gov/
content/pkg/FR-2010-05-07/pdf/2010-8159.pdf); and CAFE standards for 2017-
2023 from The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule for Model Years
2021-2026 Passenger Cars and Light Trucks, 84 Fed. Reg. 24174, April 30, 2020
(https://www.govinfo.gov/content/pkg/FR-2020-04-30/pdf/2020-06967.pdf).

these standards, combined with additional state standards,
add an estimated $27,881, or $8.44 per gallon equivalent, to
the true cost of an EV;, all of which is passed on to consum-
ers of ICEV vehicles. Companies are not required to report
the cost of the regulatory credits that EV manufacturers
sell to automakers that fall below the standards, and com-
panies may even trade or waive the credits for non-cash
compensation. The complexity and lack of transparency

of these regulatory regimes obscures the true costs of each
EV, reducing accountability to the public for the costs and
attendant negative consequences. Nevertheless, we’ll make
a conservative attempt to estimate the low-end value of the
credits on a per vehicle basis.

CAFE Standards

Elon Musk claims to oppose the federal tax credits for EV's
(Elliott, 2021), which have not benefited Tesla since the
company surpassed the limit on vehicle deliveries to be eli-
gible for the credits. However, Musk never criticizes federal

leethic Vehicles

regulatory credits, which added $1.78 billion to Tesla’s 2022
revenue and have been a major, if not primary, driver of the
company’s profitability (L, 2023). Understanding how these
credits work and how much they cost is critical to under-
standing how the CAFE standards are the largest tool the
federal government has for driving the adoption of EVs.

Under the current regulations, automakers that do not
meet CAFE standards are required to purchase credits from
automakers whose fleets exceed the standards. Because the
standards are rising so rapidly, far faster than the typical
improvement rate of ICEV engines, the market for these
credits amounts to billions of dollars every year. Because
the average fuel economy of an EV with a 300-mile range
in 2021 was appraised at about 113 miles per gallon of
gasoline-equivalent (MPGe)’, compared to a 36.32 MPGe
average for all new light-duty vehicles in 2021 (EIA, 2022),
these credits represent an enormous incentive for auto-
makers to build more EVs. Improving the fuel efficiency of
ICEVs or selling more hybrids does not give them as large
of a boost as selling more EVs.

Figure 2 shows just how rapidly the situation is chang-

ing for automakers. After many years of relative stability,
the Obama administration began to rachet up the CAFE
standards, starting in 2010 for MY2012 to MY2016 (Light-
Duty Vehicle Greenhouse Gas Emission Standards,

2010, p. 25330). The standards were raised again in 2012
for MY2017 to MY2025 (2017 and Later Vehicle Gas
Emissions, 2012, p. 62640), but the standards for MY2021
to MY2026 were lowered by the Trump administration in
2020 through the Safer Affordable Fuel-Efficient (SAFE)
Vehicles rule (2020, p. 24186). However, the Biden admin-
istration moved quickly to overturn the Trump-era rule
and raise the standard for MY2024 to MY2026 (Corporate
Average Fuel Economy Standards for Model Years 2024—
2026, 2022, p. 25735), and the NHTSA is currently work-
ing on aggressive new standards for 2027 and beyond in
tandem with new GHG emissions standards from the EPA
(Corporate Average Fuel Economy Standards for Passenger

Cars and Light Trucks for Model Years 2027-2032, 2023).

EVs also improperly benefit from an erroneous interpre-
tation by the U.S. Department of Energy of a series of laws
Congress passed that use the CAFE standards to promote
alternative fuel vehicles over gas-powered vehicles. First

1 Note that the EPA's estimates for EV fuel economy are based on a completely different and much easier test than is applied to ICEVs. For example, the EPA requires
ICEVs to be tested at high speeds and high acceleration, with the air conditioning and heat operating at both very high and very low ambient temperatures
(fueleconomy.gov, n.d.). while EVs are tested in a laboratory setting at ideal temperatures for battery performance, without operating at high speeds or rapid acceler-
ation, and without running any heat or air conditioning that would rapidly drain the EV battery (Good, 2017). In this paper we do not account for the EPA's preferential
fuel economy testing and ratings for EVs and the additional transfer of wealth from ICEV buyers to EV buyers that results.
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came the Alternative Motor Fuels Act (S. 1518, 1988

Sec. 8), which promoted the commercialization of alter-
native motor fuel vehicles (fueled with ethanol, methanol,
natural gas) by giving a bonus multiplier of 6.67, or 667%,
to their actual fuel economy.” Then, the Energy Policy
Act (H.R. 776, 1992, Sec. 403) expanded the definition of
“alternative fuels” to also include hydrogen, coal-derived
liquid fuels, other non-alcohol biofuels, and electricity.

It also enabled “dedicated automobiles,” that is, vehicles
that run solely on alternative fuels, to receive the favorable
fuel economy treatment. Subsequently, a July 1994 trans-
portation law specified the multiplier would only apply to
“liquid alternative fuel” (H.R. 1758, 1994, Sec. 32905).

Despite the law clearly excluding electric vehicles, DOE
issued a rulemaking in June 2000 to establish a petroleum
equivalency factor for EVs that applies the 6.67 multiplier
to EVs. That rule continues in place today, despite a statu-
tory requirement for DOE to update its estimate annually.
Thus, an EV manufacturer is given 6.67 MPG of credits for
every 1 MPG of actual fuel economy improvement.

That bonus makes an enormous difference in the value of
the CAFE credits EVs can earn. Assuming the marginal
cost of increasing the fuel economy of a vehicle by 1%

is $48 (Leard et al., 2019, p. 32), an ICEV manufacturer
whose MY2021 fleet averaged about 30 MPG (EIA, 2022)°
would spend $48 to improve fuel economy by 0.3 MPG
(1% of 30 MPG). That means they would pay up to

$48 / 0.30 MPG = $160 to an EV manufacturer for 1 MPG
worth of credits before deciding to invest in improvements
to their vehicles. Given the fleetwide CAFE standard of

37 MPG for MY2021, a MY2021 EV rated at 113 MPG
could earn roughly (113 MPG - 37 MPG) * 6.67 = 507
MPG worth of credits. Therefore, the value of the credits to
the EV manufacturer could be as high as ($48 / 0.30 MPG)
* (113 MPG - 37 MPQG) * 6.67 = $81,107 per EV.

However, the CAFE regulations allow automakers to pay a
fixed penalty per 0.1 MPG for each vehicle that is short of
the standard. That penalty puts a cap on the marginal cost
an automaker is willing to pay to meet the standard and a
corresponding cap on the value of the regulatory credits.
The penalty was $5.50 per 0.1 MPG shortfall per vehicle

for decades before being raised in 2016 to $14 per 0.1 MPG
shortfall per vehicle (Civil Penalties, 2016, p. 43529). The
effective date of the increase was delayed indefinitely, and
the changes were subject to multiple rounds of litigation,
casting significant ambiguity on how much automakers
were actually paying until the Biden administration made
the $14 penalty final last year (Civil Penalties, 2022,

pp. 18994-18997). The penalty is set to rise to $16 this year
(Revisions to Civil Penalty Amounts, 2023, p. 1132), but
since this analysis covers vehicles sold in 2021, we make a
conservative assumption that automakers continued to pay
the $5.50 penalty in 2021. The higher penalty will need to be
accounted for in later editions of this work, which will sig-
nificantly increase the assumed value of the CAFE credits.

Assuming a penalty amount of $5.50 per 0.1 MPG per
vehicle in 2021, we place the value of the credits at

$5.50 / 0.1 MPG = $55 per MPG, with the caveat that
the value of the credits is likely higher now and rising
quickly due to the rising standards and penalty amounts.
Therefore, an EV manufacturer whose MY2021 vehicles
averaged 113 MPG would earn ($55/ 1 MPG) *

(113 MPG - 37 MPG) * 6.67 = $27,881 in credits per EV.
After we subtract out the cross-subsidies from the EPA
GHG standards and state mandates (covered in the next
two sections), we arrive at a total subsidy from the CAFE
standards of $19,678 for every EV sold. Assuming an EV is
driven 120,000 miles over a lifetime of 10 years, that sub-
sidy comes out to $5.96 per equivalent gallon of gasoline
an ICEV would consume during that time.*

2 See 49 U.S.C. 32905(a):"A gallon of a liquid alternative fuel used to operate a dedicated automobile is deemed to contain .15 gallon of fuel” Therefore, an EV rated at
100 MPGe is counted as if it is rated at 100 miles per 0.15 gallons-equivalent, or 667 MPGe. Hence, the statute is creating a 667% multiplier to the vehicle’s true fuel

economy.

3 Arriving at an estimate of the fleetwide efficiency of ICEVs is difficult because the fleetwide numbers given in the EIA data include EVs and other alternative fuel
vehicles that receive large ratings plus the bonus multipliers. Also, the estimate of $48 to improve fuel economy by 1% is based on an analysis of MY2012 to MY2015
vehicles, and the cost is likely higher now. Because of these factors, we reduce the 36.32 MPG rated efficiency for new MY2021 vehicles down to 30 MPG for the

fleetwide ICEV efficiency.

4 The formula to convert total cost to cost per gallon-equivalent is $23,822 / (120000 miles / 36.32 MPG) = $7.21/gallon-equivalent, where 36.32 MPG is the average
rated efficiency for new light-duty vehicles in 2021 (EIA, 2022). This same conversion factor will be used throughout the paper. Note, however, that the average
U.S. light-duty vehicle is driven 11,467 miles per year (EERE, 2020), which is probably well above the typical EV, making the estimate of 12,000 miles per year quite
generous. Therefore, if the average EV does not last for 120,000 miles, then the costs of these credits are greater per EV mile driven. Also, the fleetwide fuel economy
average of 36.32 MPG will increase over time, thereby increasing the cost per gallon equivalent obtained using this conversion factor. The bottom line is that this

conversion factor is generous toward EVs in almost every aspect imaginable.
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Billions in credits for EVs translate into negligible real-world fuel economy improvements

Tesla does not disclose its vehicle sales by country, but multiple industry sources place 2021 U.S. Tesla sales at
about 302,000 vehicles (Wozniak, n.d.; GoodCarBadCar, n.d.). Assuming $27,881 in regulatory credits per EV, Tesla
could have earned more than $8 billion in credits in 2021. Tesla only reported $1.5 billion in “automotive regu-
latory credits”in 2021 (Tesla, Inc., 2022), but because there is no required reporting or public tracking of these
credits, it is entirely possible that Tesla is trading credits for parts or other in-kind favors that may not show up on
income statements. Regardless of the value of the credits, it is instructive to consider how much Tesla’s EVs are
actually improving the fuel economy of the U.S. fleet compared to how much they are receiving in credits.

Let's assume that the average fuel economy of Tesla’s 2021 fleet is 113 MPG, the same as the average efficiency of
the 300 mile range EVs noted above, and that Tesla’s 302,000 vehicles sold in the U.S in 2021 were 2% of the total
vehicles sold in the U.S. in 2021 (EERE, 2022). Therefore, Tesla’s sales raised the fuel economy of the total fleet sold

in 2021 by (113 MPG - 36 MPG) * 0.02 = 1.54 MPG. However, new vehicles are only a small portion of the total
vehicles on the road. Given that there were 281 million registered vehicles in 2021 (EERE, n.d.-b) with an average
on-road fuel economy of 24 MPG (EIA, 2022), the vehicles Tesla sold in 2021 raised the fuel economy of the entire
U.S. fleet by only (113 MPG - 24 MPG) * (302,000 vehicles / 281,000,000 vehicles) = 0.1 MPG.

It is important to note that this marginal improvement is predicated upon EVs actually displacing fuel consump-
tion to an extent that is commensurate with their rated fuel economy, a topic that is beyond the scope this paper
but is nonetheless a subject of much debate. Policymakers should be aware that the 6.67 multiplier and other
favors given to EVs, such as the EPA’s preferential fuel economy testing, vastly exaggerate the benefits EVs pro-
vide in terms of fuel efficiency and emissions. The primary motivation for this paper is to persuade policymakers
to carefully consider whether the benefits of EVs are worth the billions in spending needed to achieve those

benefits.

EPA Multiplier Credits for EVs

In addition to the multiplier of 6.67 that EV's are eligible
for under the CAFE standards, EV manufacturers are also
given extra credits under the EPA’s banking system for
meeting its GHG emission standards. As with the CAFE
standards, the subsidy created by this program is difficult
to calculate because automakers are not required to dis-
close the cost of the credits.

The GHG emissions standards work as follows. If an
automaker sells a vehicle, call it Model A, that emits 300
grams of CO, per mile driven and then sells the same
number of Model B vehicles that emit 200 grams, that MY
performance would be 250 grams (or the average between
the two models). The EPA has also created a credit system
whereby, assuming in this example that the standard is 300
grams, the automaker whose model year performance is
250 grams can sell 50 grams to another automaker whose
model year performance is above the 300-gram standard.
The EPA has no explicit authority to create this market and
to allow the monetization of billions of dollars in GHG
credit trading each year.

It is important to understand that while the EPA is coordi-
nating its rulemakings with the NHTSA, the GHG stan-
dards are separate from the CAFE standards. Gasoline has
a fixed carbon content and roughly fixed CO, emissions
when burned, so the CAFE standards are effectively CO,
standards. However, the EPA is setting its standard above
and beyond what the CAFE standards dictate. Therefore,
the EPA credits have additional value beyond the CAFE
credits.

Because of the opacity of the GHG credit markets, we must
extrapolate from limited public information to discern
their value. Leard and McConnell, in a 2017 report for
Resources for the Future, use two examples of Tesla credit
sales to estimate a range from $36 to $63 per metric ton
(p. 12). The EPA’s Light-Duty Vehicle GHG Program
Technical Amendments proposed in 2018 provide three
examples of how to calculate the credits for a manufac-
turer that produces 5,000 EVs for a MY (p. 49347). The
first example, which does not use the EPA’s preferential

2x multiplier for MY2017 EVs, results in 205,027 mega-
grams, or metric tons, of credits. Using the multiplier
results in two times as many credits, 410,054 metric tons.
Multiplying 205,027 tons by $36/ton gives a low-end value
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Despite the current incentives in place,
the Ford Motor Company is losing over
$70,000 on each EV it currently sells
and inventory is stacking up in dealer
lots for several brands as sales are

not keeping pace with government-
mandated production. Therefore,

it is likely that automakers will be
requesting even more direct subsidies
in the coming years.

of the credits for the manufacturer of $7,380,972, and
multiplying 410,054 tons by $63/ton gives $25,833,402 for a
high-end value. Dividing those totals by 5,000 EVs gives a
range of $1,476-$5,167 per EV.” The midpoint of that range
is $3,322 per EV, which, using the same conversion formula
as above, is $1.01 per equivalent gallon of gasoline.

California and Other State Mandates

Currently, 16 states have what are commonly referred

to as zero emission vehicle (ZEV) mandates (Center for
Climate and Energy Solutions, 2022),° where the state sets
a number or percentage of new vehicles sold that must be
zero-emissions. The EPA is currently granting California

a waiver under Section 209 (42 U.S.C 7543) of the Clean
Air Act to adopt stricter standards for motor vehicle
emissions than the national standards, which has allowed
it to create its Advanced Clean Cars Program (California
Air Resources Board, n.d.-a) that aims to make 100% of
new light-duty vehicles ZEVs by 2035. In turn, Section 177
(42 U.S.C 7507) allows other states to mirror California’s
policies, and these 15 states—along with Delaware,
Pennsylvania, and the District of Columbia, which have
adopted California’s low emission vehicle (LEV) mandate—
are collectively called “Section 177 states” An overview

of state level EV policies—including mandates, taxes and
fees, and incentives—will soon be provided in a separate
supplement to this paper.

Of course, the cost to meet these mandates is not lim-
ited to the states that impose them but spread out over
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the entire fleet of each automaker trying to meet them.
Similarly, the subsidy given to EV manufacturers by these
policies accrues nationally since those vehicles are not just
sold in the states with ZEV mandates, effectively allowing
California and other Section 177 states to impose hidden
fees on gasoline vehicles nationwide. Therefore, the cost of
these mandates should be factored into any national study
of EV subsidies like this one.

To be sure, the effect is not negligible. Joshua Linn (2022), a
professor at the University of Maryland, estimates the aver-
age price of ZEV credits to be $3,236 (p. 37). Linn assumed
each EV received two and a half credits under California’s
program, but EVs in California received on average over
three credits per vehicle in 2021 (California Air Resources
Board, n.d.-b, p. 5). We conservatively assume three credits
per vehicle and assume the same applies to the other
Section 177 states. Multiplying $3,236 by three gives a total
credit value of $9,708 per EV sold in Section 177 states.

However, since not all EVs are sold in Section 177 states,
that credit value per vehicle needs to be spread out among
all the EVs sold in the U.S. in 2021. Although EV sales data
by state is not publicly available, such sales for 2021 can be
approximated by comparing the change in registrations by
state from 2020 to 2021, assuming that relatively few EV's
are being discarded at this point. Of the 435,320 MY21 and
MY22 EVs sold in the U.S. in 2021, 218,879 were registered
in Section 177 states (EERE, n.d.-b). Multiplying the total
state credit cost of $9,708 per EV sold in ZEV states by the
percentage of registered EVs in EV sales mandate states
results in state credits of $4,881 per EV sold in the U.S, or
$1.48 per gallon equivalent.

Section 2: Direct Subsidies

The CAFE and GHG mandates send a clear signal to
automakers: Sell a requisite number of EV's or go bankrupt.
Because EVs are still significantly more expensive to make
than comparable ICEVs, direct credits to consumers are
essential for automakers to price vehicles high enough to
cover their costs while still attracting consumers. Despite
the current incentives in place, the Ford Motor Company
is losing over $70,000 on each EV it currently sells (Bryce,
2023) and inventory is stacking up in dealer lots for
several brands as sales are not keeping pace with govern-
ment-mandated production (Muller, 2023). Therefore, it is

5  Seethe comments submitted by the American Fuel & Petrochemical Manufacturers (2018) for further explanation of how these values are calculated.
The states with ZEV mandates are California, Colorado, Connecticut, Delaware, Maine, Maryland, Massachusetts, Minnesota, New Mexico, New Jersey, New York,
Oregon, Pennsylvania, Rhode Island, Vermont, and Washington. The Office of Energy Efficiency & Renewable Energy (EERE) has a full list of laws and incentives that
apply to“alternative fuels and advanced vehicles” (EERE, n.d.-a, para. 1). The EV enthusiast website Electrek has a more digestible list of incentives solely for EVs, which

is current as of July 2023 (Doll, 2023).
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likely that automakers will be requesting even more direct
subsidies in the coming years.

Direct subsidies are more visible to the average American
compared to the complexities of the CAFE standards and
ZEV mandates, but when it comes to EVs, the large and
varied regime of subsidies and rules at the federal and state
levels obscures the full costs to taxpayers and consumers.
Direct subsidies for EVs come in two forms: federal and
state tax rebates and the ability to avoid federal and state
gasoline taxes and fees. We'll cover each of these items in
turn.

Federal Tax Rebate for EV Buyers

Federal tax credits for EVs were initiated by the Energy
Improvement and Extension Act (2008, Sec. 205), which
created a $7,500 credit for light-duty EVs but capped the
program at 250,000 vehicles and ended it in 2014. The
American Recovery and Reinvestment Act (2009, Sec. 1141)

involved in writing the bill, has generously interpreted this
credit to apply to any leased EV, effectively circumventing
the restrictions on the Section 30D credit and resulting in a
rapid increase in the number of leased relative to purchased
EVs (Voelcker, 2023). Because of these recent changes in
statute and IRS guidance, it is not yet known exactly how
much the typical EV will receive in credits going forward.
However, the way the law is currently being enforced,
buyers of the vast majority of EV models receive the full
value of the credit as long as they meet the income eligi-
bility requirements (EERE, n.d.-c). Many EV buyers will
not meet the income eligibility requirements, but since this
analysis covers the average EV, irrespective of the location
or situation of the buyer, we assume the EV receives the full
$7,500 credit.

State Tax Rebates for EV Buyers
There are numerous credits available to EV buyers (EERE
n.d.-a), and while not every state offers direct incentives

took out the sunset date but capped the credit at 200,000
vehicles per manufacturer.

The eligibility requirements underwent some minor
changes over the ensuing years, but the Inflation Reduction
Act (IRA; H.R. 5376, 2022) changed the game significantly.
While the new law maintains the Section 30D $7,500 credit
for new vehicles, the vehicles must undergo final assembly
in the U.S,, the battery pack must have 50% of its compo-
nents manufactured or assembled in the U.S., which rises
10% each year until reaching 100% in 2029, and certain
critical minerals used in the vehicle must be extracted and
processed domestically or in a country that has a free-trade
agreement with the U.S. (Sec. 13401). Vehicles not meeting
these requirements will have their tax credit reduced.

The law takes out the 200,000-vehicle cap for automaker
eligibility, but it adds a consumer income cap of $150,000
for single filers and $300,000 for joint filers and a price cap
on the vehicles: $55,000 for cars and $80,000 for trucks

and SUVs. Used vehicles valued below $25,000 and more
than two years old are eligible for a $4,000 credit if the
buyer makes less than $75,000 for single filers and $150,000
for joint filers. The law also added a panoply of subsidies
for domestic EV battery manufacturing, most notably a
production tax credit for battery cells and modules that will
provide hundreds of millions annually to every Gigafactory
that is eligible (Sec. 13502).

In addition, the IRA includes a $7,500 tax credit for com-
mercial electric vehicles (Sec. 13403). The IRS, despite pub-
lic protestations from Sen. Manchin and other lawmakers

or rebates, utilities and municipalities in every state also
offer direct and indirect incentives. Given the number and
complexity of local laws and utility credits, this analysis
only considers state incentives, and 2021 is the most recent
year of complete data. Several states have rebate programs
that are not as simple as a flat credit regardless of the buyer’s
income level, cost of the vehicle, etc. Also, some states had
programs that did not run for the entire 2021 calendar year,
so the rebates must be reduced in proportion to the per-
centage of time the program was not in effect.

As of the time of publication, we have not completed a full
analysis of state incentives, and we will provide that anal-
ysis in a later supplement to this paper. Our preliminary
analysis indicates that states handed out over $646 mil-
lion in taxpayer subsidies to EV buyers in 2021. Dividing
by the 435,320 EVs sold in 2021, the average EV buyer
received state credits totaling $1,484. In total, the average
EV receives $8,984 in state and federal credits, or $2.72 per
gallon equivalent of gasoline.

Avoided Federal and State Gasoline Taxes and Fees
Gasoline and diesel drivers pay significant liquid fuel taxes
to fund the building and maintenance of federal and state
roads, bridges, and even bicycle lanes. Federal gasoline
taxes are $0.184/gallon and federal diesel taxes are $0.244/
gallon (EIA, 2023). The American Petroleum Institute
(2022) estimates the average state taxes/fees on gasoline are
$0.3869/gallon and $0.4024/gallon for diesel. Therefore,
combined federal/state taxes and fees on gasoline average
$0.5709/gallon and on diesel average $0.6464/gallon.
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Figure 3
Infrastructure Needed to Charge an Electric Vehicle Compared to Infrastructure Needed to Fuel a Gasoline Vehicle
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Of course, EVs are not subject to gasoline taxes, which is
ironic given that EVs are heavier than the equivalent ICEVs
and exert more wear and tear on roads and infrastructure.
Some states are adding fees to EVs to recoup lost gasoline
taxes and ensure that EV drivers pay for road maintenance
(Igleheart, 2023). These include special registration fees or
annual fees for EV's to account for the loss in revenue due
to the avoided gas taxes. However, not only do these fees
generally fall short of accounting for the full tax avoided,
but the states enacting such fees do not constitute a large
share of the EV market. Therefore, it is safe to assume these
fees have a negligible impact on the cost of an average EV.

A volume-weighted average of gasoline and diesel taxes
for light-duty vehicles comes out to approximately
$0.59/gallon, comprising roughly 20% of the cost of the
tuel. For a light-duty vehicle that gets 36.32 MPG over
120,000 miles, $0.59/gallon adds up to $1,949 of federal
and state fuel and road taxes, which an equivalent EV
avoids paying entirely. Many states also impose differing
registration fees on gasoline vehicles and EVs. These

fuel taxes and registration fees need to be compared to
the taxes EV owners pay on electricity. While there are
no federal taxes on electricity, some states impose sales
taxes on electricity. Our preliminary analysis indicates
that, on average, these states taxes come out to about
1.7% of the cost of electricity and that EV owners avoid
approximately $300 per year in liquid fuel taxes and
registration fees, after paying any electricity taxes and EV
registration fees. A complete state-by-state analysis of fuel
taxes, electricity taxes, and registration fees on gasoline

and electric vehicles will be provided in a supplement to
this study.

Section 3: Indirect Subsidies and
Socialized Infrastructure Costs

It is hard to conceptualize the amount of infrastructure
needed to deliver gasoline to your vehicle and electricity to
your home. Starting with extracting oil from the ground,
transporting it, refining it, transporting it to a gas station,
and finally building and maintaining the gas station, a tre-
mendous amount of work is included in the price of the gas
you buy at the pump. Similarly, bringing electricity to an EV
charging port involves extracting the base fuel, converting it
to electricity at a power plant, and transporting that electric-
ity long distances to the charger. Figure 3 is an attempt to
put all that infrastructure onto a single diagram, although it
far understates the complexities of these operations.

While some of the infrastructure used to create gasoline

is used to create other products, whose margins support
the maintenance of the shared infrastructure, by and large,
what you pay at the pump reflects the cost to deliver the
gas to the pump. This is not the case when you charge an
EV, which exerts an enormous electrical load on the grid
infrastructure it is utilizing. Despite the need for extra
infrastructure to serve this load, an EV owner usually pays
the same flat rate for electricity as a normal load.

A typical 80 kWh EV charging from 50% to 100% over 8
hours at your home consumes power at a rate of 5 kW, but
it could consume up to 10 kW at any given time, or about
8 times as much power as a U.S. home draws on average
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(EIA, n.d.-a).” An EV charging that same amount in 20
minutes at a fast charging station pulls down 120 kW, about
as much electricity as an average grocery store consumes
(EIA, n.d.-b, Table C22).* The cost to the utility to serve this
load—including replacement and upgrade of transformers,
circuits, feeders, and transmission lines, as well as extra
overhead costs like metering and billing required to service
the charging stations—is socialized across all the utility’s
ratepayers and not directly charged to the EV owners.

These socialized costs add up to $11,883 per EV over 10
years, and EV owners incur an additional $4,569 in costs
over 10 years to charge their vehicles—including residential
and private charging equipment, electricity losses behind
the meter, and billing/overhead—above and beyond the
cost of the electricity that goes into their vehicles. These
extra charging costs for EV owners equate to $1.38 per gal-
lon equivalent over the life of the EV, which alone exceeds
the $1.21 per gallon equivalent that EV advocates claim
that it costs to charge an EV.

Charging Infrastructure, Billing Fees, and Electricity
Losses

EV owners, utility ratepayers, and taxpayers accrue many
extra costs related to the charging and use of EV's that are
not accounted for in most total cost of ownership models.
The study by Burnham et al. (2021) does not consider the
cost of charging infrastructure in its base case nor any extra
fees on the electricity the EV owner purchases, and only in
its sensitivity analysis does it account for a cost of $800 to
purchase and install a residential EV charging unit (p. 62).
Burnham et al. and other studies of EV costs also do not
account for the cost of public charging stations. The capital
costs for the vast majority of public charging stations are
subsidized by taxpayers, utilities, or the entities hosting the
stations and are not accrued to EV owners.

A group from the National Renewable Energy Laboratory
recently projected that by 2025 the U.S. will need 1,000,000
public Level 2 charging stations and 182,000 public Level

3 (fast charging) stations to serve an EV fleet of 33 million
vehicles (Wood et al., 2023, p. vi). That is on top of 26.8
million private charging ports. The total cost of the public
infrastructure ranges from $32-$55 billion (p. vii). Taking
the midpoint of that range and dividing by 33 million

vehicles comes out to $1,318 per EV. The private infrastruc-
ture has an even wider cost range of $22-$72 billion, but
taking the midpoint, the average cost per EV is $1,424.

Another point to consider here are electricity losses from
the underperformance of EVs in the real world compared
to their efficiency metrics calculated under the EPA’s ideal
testing conditions. These losses are accrued by EV own-
ers and so do not count as subsidies, but they do add to
the cost of fueling an EV. EV's can lose up to 47% of their
equivalent fuel economy at 20°F—due in large part to the
energy needed to run the car’s heater—and up to 22% at
95°F—again mostly due to the energy used by the air con-
ditioning system—compared to their performance at 75°F
(American Automobile Association, 2019, pp. 3-4).

There are also significant losses in the charging process,
both in the power electronics and in the battery itself. A
comprehensive study in the journal Energy found that such
losses usually add up to about 20% of the power supplied
to the charging outlet (Apostolaki-Iosifidou et al., 2017,

p. 736, Table 6). Burnham et al. (2021) calculate $8,770 in
tueling costs for an average EV over its lifetime (p. 144),
but they assume that there are no electricity losses in the
process of charging the vehicle. A conservative estimate of
20% of electricity lost during charging adds $1,754 to this
estimate.

We also add $4.95/month, which comes out to $591 over

a 10-year vehicle life, for the cost of a utility to meter the
extra power consumed by an EV and bill the customer

for it. There is not a national standard for how to meter

the power consumed by EV's, which can draw much more
power than the rest of the home they sit in when charging.
However, Xcel Energy (2018) provides the best documenta-
tion for how to account for this cost and assesses the cost at
$4.95/month (p. 2). This cost will likely need to be updated
as more utilities across the country begin to assess for it.

Adding up these three sets of costs—residential and private
charging equipment, electricity losses behind the meter,
and billing/overhead—results in a total cost per EV of
$4,569, or $1.38 per gallon equivalent. This cost usually
does accrue to the EV owner and is therefore not included
in Figure 1. Subsidized public charging stations account

7 The EIA estimates that the average monthly electricity consumption of a U.S. residence in 2021 was 886 kWh. Dividing by the average number of hours in a month,
730 hours, results in an average power draw of 1.2 kW. An 80 kWh EV battery recharging 50% of its capacity, 40 kWh, over the span of 4 hours would draw
40 KWh /4 hours = 10 kW. If that amount of electricity is delivered in 20 minutes, the draw is 40 kWh / 0.33 hours = 121 kW.

8 InTable C.22, the EIA estimates the average annual electricity consumption of a grocery store or food market in 2018 was 1,035,000 kWh. Dividing that annual con-
sumption by the number of hours in a year, 8,760 hours, gives an average power draw of 118 kW.
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for another $1,318, or $0.40 per gallon equivalent, and that
number is included in Figure 1 since that cost is not paid by
the EV owner.

Incremental Power Capacity, Transmission and
Distribution Infrastructure Costs

Returning to the discussion at the beginning of this sec-
tion about the demand on the electric grid created by EV
charging, particularly fast charging, there is a cost to the
extra transmission and distribution infrastructure needed
to serve those large loads. Utilities have historically assessed
what is known as a “demand charge” on commercial and
industrial consumers based on their usage during peak
hours. That charge accounts for the extra infrastructure
costs required to serve those customers. Currently, most
utilities are socializing that cost for EV owners by not
assessing demand charges on residential EV chargers, even
though those chargers can use as much power at certain
times as several homes.

We can use a hypothetical demand charge for a residential
EV charging station to place an upper bound on the cost
to the utility of charging that EV. Demand charges average
about $15/kW (McLaren et al., 2022, “Demand charge

rate data.xlsm”) and are based on the maximum amount
of demand (measured in kilowatt or kW of power) that a
customer used in any interval (typically 15 minutes) during
the billing cycle. A common residential charging unit on a
dedicated 40-ampere circuit at 240 volts draws 9.6 kW

(40 A * 240V =9.6 kW). A $15/kW monthly demand
charge on this unit equates to $1,728 per year and $17,280
over 10 years. As noted earlier, public fast charging sta-
tions use more than 10 times that amount of power, but we
assume those costs are recouped in the rates those stations
charge their users.

In 2019, Boston Consulting Group estimated the costs of
infrastructure upgrades to serve EVs at $1,700-$5,800 per
EV (Baker et al., 2019). If we take the midpoint of that range,
which is $3,750 as a lower bound to our estimate, then

we can place these additional infrastructure costs for EV's
somewhere between $3,750 and $17,280 over 15 years. That
is a wide range but likely accurately reflects the wide range
of costs to utilities depending on their infrastructure and the
location of EVs in their service areas. The midpoint of this
range, which we consider to be an appropriate estimate for an
average EV, is $10,515, or $3.18 per gallon equivalent.

It is important to note that there can be many cross-
subsidies and variable impacts on the electric grid

Oetgber 2023

depending on where and when charging occurs. Fast-
charging installations for large vehicles and public transit
can exceed 300 kW, and adding a residential EV charger

in a dense urban area near public charging stations and
other large loads may not add as much infrastructure costs
as adding one in a rural area. Charging an EV when an
owner gets home during the 5-9 p.m. peak demand hours
adds to grid volatility and resource adequacy problems,

but charging late at night or into the morning may reduce
overall system volatility and strain. Many utilities across the
country, particularly in California, are beginning to charge
variable rates to EV owners based on time of use. For
example, San Diego Gas & Electric rates for EV households
range from $0.14/kWh to $0.81/kWh, in addition to a $16
monthly fee (San Diego Gas & Electric, n.d.). Therefore,
EV owners may incur much higher costs than noted here,
particularly if they charge at times when rates are higher.
Figuring out how and when EV's should charge is a critical
problem for policymakers and utilities to solve if the federal
government is going to continue to mandate EV adoption.

Section 4: Items Excluded From This Study

It is important to emphasize that the total subsidy per EV
calculated by this study, $54,778, is actually a conservative
estimate given the assumptions made and the items we
excluded from this study.

First and foremost are the tax credits, grants, and loans for
domestic battery manufacturing, which is by far the most
expensive component of an EV. The Inflation Reduction Act
(2022, Sec. 13502) provides billions in grants and loans for
battery manufacturing and research, plus the aforementioned
tax credit that provides $45 million per gigawatt-hour for bat-
tery modules made in the U.S.A. To put that dollar amount in
perspective, one battery plant the size of Tesla’s Gigafactory,
which produces more than 37 gigawatt-hours of batteries
annually (The Tesla Team, 2023), could receive nearly

$1.7 billion in federal tax credits every year. That comes out
to about $3,600 for an average EV battery. State and local
subsidies are also significant. Tesla received $1.3 billion

from the state of Nevada for its Gigafactory outside of Reno
(Whaley, 2014), and Ford may receive up to $1 billion in
state and local incentives to build an EV battery factory in
south-central Michigan (Eggert, 2023).

This analysis also does not include battery replacement or
disposal costs. The typical EV battery is only warrantied

for 8 years (Fischer, 2022), yet Burnham et al. (2021, p. 34)
assume no replacement or repair costs over 15 years. An EV
battery can cost up to $20,000 to replace (Recurrent, 2023),
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so whether that cost is incurred during the 15-year win-
dow of this lifecycle cost analysis is a significant unknown
variable. Because most EVs are relatively young, it is not
yet known how long the average EV battery will last and
whether it makes more sense to replace it or to scrap the
whole vehicle. For the same reason, the disposal and recy-
cling costs of EV batteries, and who will pay those costs,
are not yet well-known.

Recent data suggest that the EV scrappage rate is substan-
tially higher than that of gasoline vehicles. S&P determined
that despite EVs having an average age of 3.6 years and gaso-
line vehicles having an average age of 12.5 years, during “the
10-year period from 2013-2022, 6.6% of BEV's in operation
were pulled out of commission. During the same period, just
5.2% of combustion vehicles left the fleet” (Leinert, 2023
para. 7). Therefore, the EV scrappage rate is already higher
than that of gasoline vehicles and is likely going to increase
in future years as the average age of the EV fleet increases.
Of course, a higher EV scrappage rate and, in turn, fewer
miles traveled compared to gasoline vehicles should also be
accounted for in any cost-benefit analysis.

Other issues excluded from this analysis include:

« Billions of dollars in taxpayer-funded subsidies for
electric buses, trucks, and truck stops, plus the addition
of charging infrastructure at public facilities such as
ports and airports.

« Billions in state and city taxpayer-funded subsidies
other than state buyer credits.

o  Credits from California’s low-carbon fuel standard,
which is a cross-subsidy from gasoline buyers to subsi-
dize EVs in California.

o The unaccounted cost of EVs in terms of additional
emissions from power plants, and the embedded envi-
ronmental costs of the EV supply chain.

o The cost of allowing EV's to use managed lanes, such as
high-occupancy vehicle lanes, and the cost of parking
spaces given to EVs and EV charging stations.

o The cost to consumers of additional time spent
charging EVs relative to fueling gasoline/diesel vehi-
cles.

« Disproportionately high road damage from heavier
EVs compared to gasoline/diesel vehicles.

« Disproportionately high EV recall costs compared to
gasoline/diesel vehicles, which are socialized to buy-
ers of gasoline and diesel vehicles from the company
initiating the recall.

« Building construction costs as some municipalities are
beginning to require “EV-ready” construction in new
homes and buildings.

Conclusion

The stark reality for proponents of EVs and for the dream-
ers in the federal government, who are using fuel economy
regulations to force manufacturers to produce ever more
EVs, is that the true cost of an EV is in no way close to a
comparable ICEV. Our conservative estimate is that the
average EV accrues $48,698 in subsidies and $4,569 in
extra charging and electricity costs over a 10-year period,
for a total cost of $53,267, or $16.12 per equivalent gallon
of gasoline’. Without increased and sustained government
favors, EVs will remain more expensive than ICEV's for
many years to come. Hence why, even with these subsidies,
EVs have been challenging for dealers to sell and why basic
economic realities indicate that the Biden administration’s
dream of achieving 100% EVs by 2040 will never become a
reality.

EV apologists continue to claim that technology break-
throughs and economies of scale will rapidly bring down
these costs, but there is no Moore’s law for batteries, which
are a fundamentally different technology than semicon-
ductors. The benefits of economies of scale have largely
been reached by most lithium-ion battery manufacturers,
costs for those batteries have largely ended their downward
trend of the past decade (IEA, 2023a), and additional cost
improvements will be hard won. Lithium prices are nearly
quadruple what they were in 2019 (Trading Economics,
n.d.), and fluctuations in raw materials costs will play a
significant role in the cost of EV batteries going forward.

The lesson to be learned from this study is that markets,
not government, drive innovation and efficiency. Despite
the massive financial and regulatory advantages being
offered to EVs, there are more than four times more
hybrid and plug-in hybrid vehicles than full EVs regis-
tered in the U.S. (EERE, n.d.-b). Toyota estimated that the
amount of materials to make one EV battery can be used
to make 90 hybrid batteries and that those 90 hybrids will
result in 37 times more emissions reductions over their
lifetime than one EV (McParland, 2023). Perhaps if D.C.
politicians and bureaucrats stop trying to force Americans
to build and buy their preferred types of vehicles, the
cleaner and brighter future that they imagine will actually
materialize. %

9  Seefootnote 4 for more information on how the cost per equivalent gallon of gasoline is calculated.
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