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Abstract: Although federal regulation of vehicle fuel economy is often seen as
environmental policy, over 70% of the estimated benefits of the 2017-2025 fed-
eral standards are savings in consumer expenditures on gasoline. Rational-choice
economists question the counting of these benefits since studies show that the fuel
efficiency of a car is reflected in its price at sale and resale. We contribute to this
debate by exploring why most consumers in the United States do not purchase a
proven fuel-saving innovation: the hybrid-electric vehicle (HEV). A database of
110 vehicle pairs is assembled where a consumer can choose a hybrid or gasoline
version of virtually the same vehicle. Few choose the HEV. A total cost of owner-
ship model is used to estimate payback periods for the price premiums associated
with the HEV choice. In a majority of cases, a rational-choice explanation is suf-
ficient to understand consumer disinterest in the HEV. However, in a significant
minority of cases, a rational-choice explanation is not readily apparent, even when
non-pecuniary attributes (e.g., performance and cargo space) are considered. Future
research should examine, from a behavioral economics perspective, why consumers
do not choose HEVs when pricing and payback periods appear to be favorable.
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1 Introduction

The process of technological innovation is challenging, especially as innovators
work to commercialize their discoveries. In the energy-efficiency arena, concerns
have been raised that consumers are often slow to adopt new technologies, a ret-
icence that hinders the commercialization process. If consumers are reluctant to
purchase new technologies, producers will be reluctant to supply them. Without
producers and consumers working in tandem, market forces will not commercial-
ize technological innovations at a rapid rate.

Why are consumers reluctant to purchase fuel-saving technologies? Broadly
speaking there are two possible answers. The first is that fuel-saving technologies
may not pass the consumer’s private benefit-cost test (Gayer & Viscusi, 2013; Man-
nix & Dudley, 2015). Such technologies are often more expensive to purchase than
traditional technologies. It is possible that the consumer refuses to buy these prod-
ucts because she perceives that the fuel savings are not large enough — given the
consumer’s time preferences — to cover the additional costs within the expected life
of the product. Alternatively stated, fuel-saving technology has a payback period
that exceeds the product’s useful life. Even if the new technology is not more expen-
sive to purchase, it may have drawbacks (e.g., performance, quality, or convenience)
that the consumer believes outweigh the private fuel-saving benefits (Small, 2010;
Allcott & Greenstone, 2012; Helfand et al., 2016).

The second is that consumers may impose “internalities” on themselves, per-
haps by undervaluing fuel savings (Allcott et al., 2014). Behavioral economics
suggests that undervaluation could arise for several reasons. Consumer investments
in energy efficiency can be complex decisions where the consumer may be con-
sidering multiple factors with incomplete information. Energy efficiency may not
be perceived as the most crucial consideration, possibly creating “inattention bias”
(Lacetera et al., 2012; Sallee, 2014).1 Moreover, the size of the price premium
for energy efficiency may be clear but the extent of the savings may be uncer-
tain, which introduces the possibility of loss aversion or simply status quo bias

1 Acquiring information is costly and inconvenient, and available sources of information may have
uneven reliability. It may be difficult for the consumer to figure out how much searching around is
worthwhile.
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(Greene, 2011; Thaler & Sunstein, 2008). When near term investments produce
savings for the consumer, those savings may occur only after a considerable period
of delay, which introduces the possibility of a “present bias” that is greater than
justified by the real interest rates observed in the economy on a day-to-day basis
(Hausman, 1979; Allcott, 2013).2 Although these perceptual biases have been
framed from the consumer’s perspective, they may also influence the viewpoints of
producers, which can also help explain a slow rate of diffusion of new technologies
(Blumstein & Taylor, 2013; NRC, 2015a).

A situation where private opportunities for profitable energy-efficiency invest-
ments are feasible but consumers and producers do not make those investments is
called the “energy-efficiency gap” (Jaffe & Stavins, 1994; Gillingham & Palmer,
2014). The resulting “investment inefficiencies” represent “a wedge between the
cost-minimizing level of energy efficiency and the level actually achieved” (Allcott
& Greenstone, 2012, 4).

In this paper, we contribute to scholarship on the energy-efficiency gap by
exploring why most U.S. consumers are not purchasing a proven fuel-saving inno-
vation: the hybrid-electric vehicle (HEV). We undertook a detailed paired analysis
of HEVs and gasoline-fuel comparators that were offered in the U.S. new vehicle
market from 2006 to 2016. We identified 110 HEVs and, for each HEV, we identi-
fied an internal combustion engine (ICE) vehicle that most closely resembles it. We
collected data on suggested retail price, Environmental Protection Agency (EPA)
rated fuel economy, cargo space, power, and other vehicle characteristics that peo-
ple tend to consider when purchasing a car.

We use these data to estimate the payback period for each HEV in a total cost of
ownership (TCO) model, which is intended to simulate a rational-choice perspec-
tive.? In particular, we ask the following question: Suppose a consumer buys a HEV
and holds it for its expected lifetime (approximately 16 years): How many years of
accumulated fuel savings would it take to cover the incremental costs of purchas-
ing and owning the HEV?* We estimate this “payback period” using five distinct
definitions of the price premium. The first two are the manufacturer’s suggested

2 Consumers are known to shy away from making present-value calculations and multi-attribute opti-
mizations; instead, they are presumed to engage in intuitive or satisficing behaviors that simplify com-
plex problems and moderate the costs of decision making (Newell et al., 1958; Simon, 1976; Kahneman
etal., 1982).

3 The payback period is calculated based on the present value of fuel savings. We fix the discount rate
and vary the number of years over which the fuel savings are discounted in order to find the number of
years it takes to recover the extra cost of HEVs. An alternate approach is to discount the fuel savings
over the entire life of the vehicle and vary the discount rate so as to identify the discount rate at which
the present value of fuels savings cover the extra cost of HEVs.

4 Incremental costs are defined to include the price premium, sales taxes, insurance and loan financing
COsts.
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retail price (“baseline” price) and the baseline adjusted for tax credits (“adjusted
baseline”). Then, starting with the adjusted baseline, we use the hedonics literature
to adjust for the monetary value of cargo space and power, separately and jointly.

The results show that the majority of HEVs have payback periods that extend
well beyond the expected life of a new vehicle. Approximately 26.4% allow the
consumer to recover the investment within 16 years in our baseline analysis. Adjust-
ments for tax credits and cargo space increases the share of vehicles with payback
periods less than 16 years to 32%. Finally, we find that adjusting for vehicle power
has a substantial negative effect on the payback periods; only 12% of the HEVs
allow consumers to recover their investments within 16 years.

Our findings suggest that most HEV offerings do not pass a private benefit-
cost test and thus we cannot rule out the possibility that consumers act rationally in
choosing not to buy HEVs. Still, there are approximately 12%—-32% of HEVs that
do not appear to fit this model, where the range depends on consumer valuation
of power. A more in-depth analysis of these vehicles did not uncover any deci-
sive information that can explain why consumers do not buy them. Specifically, we
checked for differences in upgrade packages and drivability issues. We find that
HEVs generally have more upgrades than their ICE comparators, which suggests
that this cannot explain the poor sales data. We capture drivability issues by using
new car reviews prepared by consumer-facing auto experts. While some review-
ers point to drivability issues with some of the HEVs (e.g., subtle differences in
braking and handling), those concerns were not replicated by all the reviewers and
they were not sufficiently widespread to explain the low take-up among the HEVs
with attractive payback periods. As a result, we recommend additional research
to determine whether the low sales performance of these HEVs could be due to
undervaluation of the private benefits of fuel-saving technology. We also connect
our findings to the ongoing public debate about the future of Corporate Average
Fuel Economy (CAFE) standards, since consumer undervaluation is considered a
central rationale for the 2017-2025 standards that our now under “midterm” review
(McConnell, 2013; Helfand & Dorsey-Palmateer, 2015).

This research makes useful policy as well as academic contributions. First, we
provide a detailed study of vehicle pairs that allows us to comment on the energy-
efficiency gap in a setting that is more applicable to the current policymaking envi-
ronment than previous studies (Busse et al., 2013; Allcott, 2013; Allcott & Wozny,
2014; Sallee et al., 2016). While these recent studies provide strong evidence on
the subject matter, the fuel savings they study are based on variation in fuel prices.
The fuel savings induced by CAFE are due to changes in technology rather than
fuel price, and therefore it is possible that the response of consumers will be dif-
ferent, thereby limiting the extent to which the new literature can inform current
debates about CAFE. Second, our results open up a new line of academic research
that can explore why consumers, when offered an attractive HEV option, choose
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instead the traditional gasoline engine. We envision an array of stated-preference
and revealed-preference studies, coupled with basic social science research and
international comparisons, to shed further light on consumers’ valuation of fuel-
saving technology.

Admittedly, our findings are derived from analysis of only one technology,
and thus questions about the generalizability to all fuel-saving technologies are
warranted. However, it is not immediately clear that other fuel-saving technolo-
gies will perform better than HEVs. For example, plug-in electric vehicles (PEVs)
have been demonstrated to have similar or better power than gasoline vehicles and
greater fuel savings than HEVs (NRC, 2015b). However, PEVs have other draw-
backs such as limited driving range, long recharging times, and complications with
home, office, and public charging stations that are not a factor with HEVs. Nonethe-
less, we believe a similar paired-comparison study that focuses on PEVs might pro-
vide additional insights.

The remainder of the paper is organized as follows. Section 2 describes the
consumer fuel valuation literature and how our paper fits within this literature. Sec-
tion 3 justifies our focus on HEVs as a test case for our analysis. We describe the
data and methods in Section 4, provide results and case studies of specific vehicles
in Section 5, and conclude with policy implications and research recommendations
in Section 6.

2 The consumer valuation literature

The literature on consumer valuation of fuel economy is limited but growing
rapidly. The recent literature has two divergent strands: one is rooted in the troubled
commercial experience of the auto industry with fuel-saving technologies and the
related results of marketing and stated-preference surveys. The other is rooted in
econometric analyses of vehicle transactions data where efforts are made to show
how much of future fuel savings are capitalized in the prices of used or new vehi-
cles.

The first strand suggests that consumers, when considering a fuel-efficient vehi-
cle, value only a small fraction of the present value of the fuel savings accumulated
over the lifetime of the vehicle. The second strand suggests that the prices paid for
vehicles reflect most or all of the fuel savings expected over the life of the vehicle.
For analysts in federal agencies performing benefit-cost analyses of CAFE stan-
dards, the findings from the two literatures are difficult to reconcile (for details,
see the Technical Assessment Report (TAR) 2016). This is a vivid illustration of
a more general dilemma agency analysts have in dealing with hypotheses and evi-
dence from the field of behavioral economics (Robinson & Hammitt, 2011).
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Specifically, on the first strand, a recent committee of the National Research
Council of the National Academies of Sciences surveyed practitioners in the indus-
try and concluded: “. .. auto manufacturers perceive that typical consumers would
pay upfront for only one to four years of fuel savings, a fraction of the lifetime
discounted present value” (NRC, 2015a). Supporting the industry’s view is the
fact that decades of effort to market fuel-saving technologies have not been very
successful in the U.S. (e.g., the failed efforts of Chrysler and Honda to market
fuel-economy innovations in the 1970s and 1990s, respectively) (German, 2015;
Carley et al., 2017). Household surveys also show that motorists do not keep track
of their gasoline expenditures, do not make present-value calculations about pos-
sible fuel savings, and do not make much use of expert services that could help
them evaluate fuel-economy investments (Turrentine & Kurani, 2007; Schewel &
Kammen, 2010). Large-sample surveys of new car buyers — both before and after
they make their purchase — show that fuel economy is a salient consideration but it
ranks behind other vehicle attributes such as reliability, durability, value for money,
quality of workmanship, manufacturer’s reputation, safety design features, ease
of handling/maneuverability, warranty/guarantee, seating comfort, and engine per-
formance (e.g., NRC, 2015a,b). There is a small subset of car buyers that rank
fuel economy as the most important attribute, and similar respondents (e.g., those
who seek to make an environmental statement with their choice) have often been
early adopters of the Prius, but even respondents who say they care deeply about
fuel economy do not necessarily purchase vehicles with high fuel economy (NRC,
2015a; Popiel, 2011; Rechtin, 2007). Stated-preference surveys find that consumers
are willing to pay only a small fraction of the fuel savings that new technology
will provide over the lifetime of a vehicle; typical respondents require a payback
period of three years for such investments (Liu, 2014; Greene et al., 2013; Nixon
& Saphores, 2011). This line of evidence tends to support federal agency practice
of counting private fuel-saving benefits in societal benefit-cost analyses of CAFE
standards.

A second strand of studies from the economics literature seeks to determine
whether the prices of new and used cars reflect the capitalized value of enhanced
vehicle fuel economy. The early generation of such studies — published roughly
from 1980 to 2009 — provided mixed results but the research designs were often
cross-sectional, without good instruments for identification of a fuel-economy
effect on vehicle price (for reviews of this literature, see Greene, 2010; Helfand
& Wolverton, 2011; NRC, 2015a). The more recent generation of studies, which
use fuel price changes to isolate the effect of vehicle fuel economy on vehicle price,
is rigorous in design and provides more consistent results. Specifically, much or all
of the present value of lifetime fuel savings of vehicles with higher fuel economy
appear to be reflected in the prices of new and used vehicles, though the body of evi-
dence is much larger on prices of used vehicles than new vehicles (e.g., see Busse
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et al., 2013; Gilmore & Lave, 2013; Allcott & Wozny, 2014; Grigolon et al., 2014;
Sallee et al., 2016). If the inferences from this literature are accurate and applicable
to regulated vehicles with new fuel-saving technology, then federal agency practice
of counting private fuel savings in official benefit-cost analyses of CAFE standards
is questionable (Gayer & Viscusi, 2013).

While the second generation of studies provides rigorous econometric evidence
on consumers’ valuation of fuel savings, there is some concern that the findings
have limited applicability to CAFE because their identification strategies rely on
changes in fuel prices. Since the fuel savings induced by CAFE are due to changes
in technology rather than fuel price, it is possible, from a behavioral perspective,
that consumer responses will be different (Greene & Welch, 2016). This follows
not simply from cognitive considerations but from the fact that adopting a fuel-
saving technology can change more than fuel costs. New technology often affects
the vehicle’s power, handling, cargo space, and physical appearance. Additionally,
the ability of the technology to produce the advertised fuel savings may be ques-
tioned, a discrepancy that has occurred particularly with HEVs (Healey, 2014).

The fact that adopting a fuel-saving technology changes other attributes of a
car means that it is very difficult to identify the energy gap based on changes in
technology. Identifying the gap requires researchers to compare two cars that are
identical in every way except for fuel efficiency. The research question is, then,
what happens to the relative price of the two cars as fuel prices increase, with the
expectation being that the price of the more efficient car will increase by $1 for
every $1 reduction in its present-value fuel costs relative to the fuel cost of the
inefficient car. This is relatively difficult to do when fuel costs are driven by changes
in technology rather than fuel price; and it partly explains why the literature has
focused on variation in fuel price as the primary identification strategy. The paired-
comparison approach employed in this analysis reduces the difficulty by focusing
on one type of fuel-saving technology for which it is possible to find a suitable
comparator among ICE vehicles. Our approach is complementary to a very recent
paper by Leard et al. (2017), who find consumer undervaluation of fuel economy
but also consumer valuation of power.

Consumer information programs might shed light on this debate but evidence
on the role of consumer information in changing consumer decisions about fuel
economy is mixed (Camilleri & Larrick, 2014; Saulsbury et al., 2015). There is
clear evidence that consumers misinterpret the miles-per-gallon metric and it is
plausible that gallons per mile might be more intuitive (Larrick & Soll, 2008).
Some consumers are concerned that their personal fuel-economy experiences with
specific models do not align with the ratings on official EPA fuel-economy labels
(Schewel & Kammen, 2010; Nelson, 2013; NRC, 2015a). EPA and automakers
have taken steps to make the labeling information more realistic, especially for
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HEVs, and to provide more prominent information on fuel savings that will be
experienced over a five-year period of ownership (EPA, 2011).

The only randomized test of the new EPA labels found no evidence that they
change the stated intent of new car buyers to purchase an HEV, plug-in hybrid,
or plug-in electric vehicle (Dumortier et al., 2015). There is some experimental
evidence that information on total cost of ownership might change the stated pur-
chasing intentions of car buyers but the same experiment found no evidence that
such information would change the stated purchasing intentions of SUV buyers
(Dumortier et al., 2015). Two recent experiments — one in-person at Ford dealer-
ships and the other online — provided car shoppers with individually tailored infor-
mation on fuel economy and fuel expenditures (annual and vehicle lifetime) for
several vehicles that were under serious consideration. The experiments found no
evidence that the information altered the actual purchasing decisions of consumers
(Allcott & Knittel, 2017). As we discuss in the conclusion, a variety of informa-
tional experiments that focus on the HEV option may be a fruitful path forward,

given our findings and this previous literature.

3 HEVs as a test case of consumer valuation of
fuel economy

In this article, we explore what can be learned about consumer valuation of fuel
economy from the proliferation of HEVs that have been marketed to consumers
since the Honda Insight and Toyota Prius entered the U.S. market in 1999-2000
(McConnell & Turrentine, 2010). This section describes HEVs and highlights some
of the features that make them appealing for our analysis.

3.1 HEV vs. traditional internal combustion engine

HEVs are a suitable technology to assess for our purposes because the HEV does
not require any behavioral change by the motorist in the refueling process, nor
does the HEV require purchase, permitting, or installation of recharging equip-
ment. Thus, it is a more straightforward case of consumer investment in fuel econ-

omy than plug-in electric vehicles. Additionally, in most cases the HEV is visually

https://doi.org/10.1017/bca.2018.24 Published online by Cambridge University Press


https://doi.org/10.1017/bca.2018.24

Most consumers don’t buy hybrids: Is rational choice a sufficient explanation? 9

indistinguishable from its gasoline counterpart, so there are no subjective issues
about vehicle appearance or styling that complicate consumer choice.

3.2 Evolution of HEV technology

The early versions of HEVs had some drawbacks related to performance, cargo
space, and drivability but creative engineering has, over time, minimized such con-
cerns while retaining (or even increasing) the fuel economy of the HEV (NRC,
2015a). For example, the Insight and Prius were designed with an input power-split
system that uses two large electric motors and a planetary gear system in place
of a conventional transmission. More recently, several other manufacturers have
introduced alternative designs of the HEV that compensate for some of the draw-
backs of the power-split system (e.g., the P2 hybrid) (NRC, 2015a). The chemistry
of the batteries used in HEVs were originally nickel metal hydride (NiMH) but
some HEV models are now making use of lithium ion (Li-ion) (Greimel, 2015).
Overtime, HEV technology has become progressively less expensive without los-
ing gains in fuel economy (NRC, 2015a).

3.3 Fuel savings

For the everyday driver, the HEV may feel similar or subtly different from a
gasoline-powered vehicle, but the refueling experience is the same, except that
it occurs less frequently with an HEV than a comparable gasoline engine. HEVs
can be purchased for a price premium but the consumer will experience gasoline
savings over the life of the vehicle. The magnitude of the HEV’s fuel-economy
advantage varies across models but can be as much as a 30% gain over an oth-
erwise similar gasoline-powered vehicle (German, 2015; NRC, 2015a). The fuel-
economy advantage tends to be greatest in low-speed city driving, where electrical
power alone can do the job. At high speeds, HEVs may rely entirely on the gasoline
engine or a combination of electrical and gasoline energy.

HEVs save gasoline for multiple reasons: they capture and reuse energy lost
during braking (regenerative braking), can maintain performance with a smaller,
more efficient gasoline engine, can shut the engine off at idle and at very low load
conditions when the engine is very inefficient, and can optimize use of the gaso-
line engine at appropriate speeds since electric power is also available. HEVs also
provide accessory power more efficiently than the alternator in a gasoline-powered
vehicle. We do not address in this article mild hybrids and microhybrids since they
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have insufficient real-world marketing experience, though they may prove to be
more cost effective than full HEVs in the next decade (German, 2015). On the
other hand, gasoline-powered vehicles are also becoming more fuel efficient (e.g.,
due to use of smaller, turbocharged gasoline engines), so the HEV faces a more
fuel-efficient competitor today than it did a decade ago (Carley et al., 2017).

3.4 Production and repair costs

HEVs are inherently more expensive to produce because they have two propul-
sion systems rather than one. The size of the HEV cost disadvantage has been
declining steadily for the last decade due to innovation in production processes and
economies of scale (German, 2015; NRC, 20154). If manufacturers chose to price
an HEV at mass-production, marginal cost, the incremental price today would be
in the range of $4000 to $5700, depending on the application (e.g., subcompact car
versus large SUV) (NRC, 2015a; TAR, 2016). For low-volume HEV offerings, it
is not uncommon to observe price premiums between $5000 and $10,000 (Popiel,
2011). The average price of an HEV is about $5000 higher than similar gasoline-
powered vehicles, while average fuel economy is about 6 miles per gallon larger,
but the variations around the averages are quite large (Liu, 2014). As we shall see,
there are cases where the manufacturer prices an HEV well below the company’s
marginal cost, thereby providing — as we discovered — valuable information on con-
sumer valuation.

With its two propulsion systems, one might surmise that the HEV repair and
maintenance expenses would be elevated. Some media reports have speculated that,
after 80,000 miles or so, the batteries in the hybrid system experience a gradual
loss of capacity and performance (Duffer, 2014). However, the experience of HEV
taxi fleets, where average vehicle mileage exceeds 300,000 miles, suggests that
the hybrid powertrain components outlast the life of the vehicle (Truett, 2016).
Indeed, manufacturers typically offer longer warranties on hybrid components
than on gasoline-engine components (Edmunds.com, 2017). On the other hand,
HEVs require fewer oil changes and brake repairs than gasoline vehicles, and those
expenses are typically a significant share of a vehicle’s total annual maintenance
and repair costs (Dublin, 2012). Lacking definitive data on this subject, we use the
simplifying assumption that the two propulsion systems have similar maintenance
and repair costs (for a more detailed discussion aimed at consumers, see Brinson,
2018).
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3.5 HEV sales

The Honda Insight was the first HEV offered in the U.S. (1999) and showcased
Honda’s green technology (i.e., aluminum body and unprecedented aerodynamics
as well as a hybrid propulsion system). However, few US consumers were interested
in a tiny two seater. The offering was terminated in the US after several years but
sold much better in Japan.

The commercial success of the midsized Toyota Prius is well known, with
national sales reaching an annual peak of 236,659 in 2012; indeed, the Prius was
the #1 selling passenger vehicle in California in both 2012 and 2013. The Prius
received a boost from early-adopter enthusiasm, favorable federal and state tax
treatment, and access to the coveted HOV lanes in California and other congested
states (Undercoffler, 2015; Ohnsman, 2014; Hirsch, 2015). At one point a used
Prius with an HOV-lane sticker in California was sold at an average price $4000
higher than a used Prius without the HOV-lane sticker (NPR, 2007; Shewmake &
Jarvis, 2014). Prius sales have declined steadily since 2012 for a variety of rea-
sons: HEVs are no longer permitted on HOV lanes; federal and state tax incentives
for HEVs have been reduced or eliminated; fuel prices have declined substantially;
green activists and social marketers are promoting plug-in electric vehicles instead
of HEVs; and the conventional gasoline engine is becoming more fuel efficient
(Cobb, 2017; Carley et al., 2017). Although our study cannot include the Prius, the
presence of the Prius in the marketplace may have depressed the uptake of other
midsized HEV models, since early adopters were attracted to the Prius.

Most consumers in the US do not purchase hybrids. As a share of the new U.S.
passenger vehicle market, HEVs hit a peak of 3.6% in 2012-2013 but that share
was less than 3% in 2016 and 2017 (McVeigh, 2016; Wards Automotive, 2018).
The take-up rates for hybrids (when vehicle manufacturers offer both a gasoline
and hybrid version of the same model) range from less than 1% to a maximum of
24%. In the vast majority of cases the take-up rate is less than 10%.> The question
we seek to answer is whether rational-choice modeling would predict low take-up
rate.

3.6 Predictions

Based on rational-choice theory, we predict that an HEV will be purchased if the
present value of fuel savings are greater than the price premium of the HEV (tak-

5 The data are collected and compiled from online sources. The hybrid sales data come from hybrid-
cars.com and, for general model sales, goodcarbadcar.net.
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ing into account any applicable tax effects or other financial factors). Where feasi-
ble, we also apply shadow prices to nonfinancial vehicle characteristics that differ
between the HEV and its gasoline comparator. If an HEV is economically attractive
but not purchased, we look for hidden amenity costs or other drawbacks that might
explain the consumer disinterest (Small, 2010; Allcott & Greenstone, 2012). Where
no such drawbacks exist or appear to be significant, we hypothesize that behavioral
(non-rational) explanations play a role such as undervaluation of fuel savings.

4 Data and methods

This section describes the data and empirical analysis we employed to evaluate
HEYV offerings and their gasoline-powered comparators.

4.1 Data

We collected data on 110 pairs of vehicles from various sources, where each pair
includes one HEV and one gasoline comparator. The comparator is chosen to be
as similar as possible to its matching HEV. Our data includes virtually every HEV
offered from 2006 to 2016 except for the “dedicated” hybrids (e.g., the Prius) that
have no gasoline version.

The first layer of comparison is physical appearance; we select gasoline vehi-
cles that are difficult to distinguish from their respective HEVs based solely on
looks. Where an HEV has multiple physically similar gasoline comparators, we
then select the trim of the gasoline vehicle that is most similar to the HEV, consid-
ering curb weight, number of cylinders, and drivetrain. In most cases the matching
is straightforward because manufacturers generally produce both an HEV and gaso-
line version of the same model and trim. For example, there is a hybrid and gasoline
version of the 2017 Honda Accord LX. There are some cases, especially for the pre-
2010 models, where there is no gasoline version of the same trim. In these cases
we select the gasoline trim that is most similar to the HEV. For example, the 2007
Honda Accord hybrid is matched with the Honda Accord EX-L.°

Our analysis does not include the Toyota Prius because it is a dedicated hybrid’
and many of its owners are “early adopters”, which means they sought techno-

6 The list of vehicle pairs is provided in Table A1 of Appendix 1.

7 As adedicated hybrid, the Prius has no gasoline counterpart. Comparisons of the Prius to the Corolla
and Corona are possible and sometimes made but are arguable with respect to comparability (see, for
example, the Prius—Corolla comparison by DeMuro, 2013).
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logical or environmental status with their purchase (Heffner et al., 2007; NRC,
2015a,b; Delgado et al., 2015; Sexton & Sexton, 2014; Ozaki & Sevastyanova,
2011; McCormick, 2015; Rechtin, 2007; Kahn, 2007). Our focus is not early
adopters but the mainstream retail purchaser of vehicles who could buy an HEV
version of their chosen manufacturer/brand/model/trim.

After selecting the vehicle pairs, we then collect detailed information on each
vehicle. The list of variables can be classified into three groups. First, we collect
data on combined miles per gallon (MPG) and manufacturer suggested retail price
(MSRP). Use of MSRP data will understate the average transaction price for HEVs
when fuel prices are high and overstate them when fuel prices are low, since dealers
vary the relative size of the price discount for HEVs depending on the fuel price
environment (Mullaney, 2015; Consumer’s Union, 2015). These MPG and price
data are supplemented with data on sales tax rates, federal tax credits, insurance
premiums, loan costs, vehicle miles travel, vehicle survival (scrappage) rates, and
fuel price at time of purchase. These data are used to estimate payback periods
using a total cost of ownership framework. Second, we collect data on cargo space,
horsepower, 0—60 miles per hour time, torque, and curb weight. We use these data
to incorporate shadow prices for cargo space and power.

Finally, we collect data on standard vehicle features such as entertainment and
safety packages that may differ between HEVs and gasoline vehicles. We use these
variables to provide a qualitative assessment of the likelihood that the observed pat-
tern of sales is consistent with a rational model of consumer behavior. For example,
a consumer may decide not to purchase an HEV with an attractive payback period
because she values the upgrade packages that come standard only with a gasoline
comparator. Unfortunately, we are limited to a qualitative assessment because we
are not able to calculate shadow prices for the upgrade features.

Our data cover 22 brands and 54 unique models for model years 2006 to 2017.
The model-year coverage varies across HEVs; while some HEVs were introduced
only recently, others have been offered for a decade or more and therefore have
multiple generations. We collect data for the first model year of each generation of
HEV. For example, our data include the 2007 and 2012 Ford Escape Hybrid and
the 2010 and 2016 Ford Fusion Hybrid. Therefore, the number of observations for
each HEV depends on the number of generations of that HEV produced from 2007
to 2017. See Table Al in the Appendix for the full list of vehicle pairs used in our
analysis.

Table 1 summarizes the values for some of our key variables by time period;
panels A and B report the means for HEV and ICE, respectively, while panel C
reports the mean of the differences between HEVs and ICEs. Looking at the full
sample period, we find that the average HEV consumed one fewer gallon of gaso-
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Table 1 Summary statistics.

2006-2008 2009-2011 2012-2014 2015-2017 Total

Details Panel A: Gasoline vehicle (ICE)
Gallons per 100 miles 5.01 5.78 4.74 4.00 4.63
(0.83) (1.15) (1.01) (0.51) (1.05)
Horse power 217.89 310.10 249.90 227.29 244.84
(67.81) (95.53) (70.87) (55.65) (75.52)
Cargo space 22.78 20.24 28.12 21.58 22.62
(15.47) (6.58) (23.34) (14.41) (15.46)
Suggested retail price 32039.74 5273391 36762.27 35520.12 38274.59

(7152.87) (25084.09) (15283.22) (12229.10) (16629.86)

Panel B: Hybrid-electric vehicle (HEV)

Gallons per 100 miles 3.78 4.35 3.70 2.94 3.48
(0.70) (0.95) (0.71) (0.62) (0.90)

Horse power 203.63 300.35 234.85 209.53 229.63
(79.53) (100.00) (78.26) (55.02) (80.46)

Cargo space 17.31 19.09 26.63 18.96 19.88
(7.70) (6.71) (23.83) (14.54) (14.67)

Suggested retail price 39497.62 62338.43 42248.12 40276.10 44511.52

(10737.58)  (28207.13)  (15787.71)  (16024.33)  (19773.54)

Panel C: Difference between HEV and ICE

Gallons per 100 miles —1.23 —1.44 —1.04 —1.06 —1.15
0.29) 0.51) 0.41) 0.41) (0.43)

Horse power —14.26 —-9.75 —15.05 —17.76 —15.21
(22.56) (43.53) (28.95) (43.85) (38.09)

Cargo space —5.47 —1.16 —1.49 —2.62 —2.74
(13.41) (2.93) (1.80) (1.78) (6.12)

Suggested retail price 7457.89 9604.53 5485.85 4755.98 6236.93

(3902.41) (6282.19) (2768.21) (5653.47) (5372.31)

N. Obs. 19.00 20.00 20.00 51.00 110.00

Notes: Panels A and B report the mean and standard deviation of each variable; standard deviations are
in parentheses. For each variable, Panel C reports the mean and standard deviation of the difference
between HEVs and ICEs (standard deviations are in parentheses) so negative numbers indicate that
ICEs have a larger value compared to HEVs. Number of observation for cargo space is 16 in the
2009-2011 and 2012-2014 time periods.

line per 100 miles but cost $6236 more than the average ICE. As expected, HEVs
tend to be less powerful (as measured by horsepower) and have less cargo space.
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Interestingly, Table 1 shows that, while HEVs and ICEs have become more fuel
efficient over time, the average fuel efficiency advantage of HEVs has remained
almost constant.® Concurrently, HEVs have become relatively cheaper over time;
the average premium falls from a peak of $9604 for the 2009/2011 models to $4755
for the 2015/2017 models (MSRPs). The difference in horsepower has increased
slightly while HEVs have made significant gains in cargo space. Finally, we find
that average fuel prices (real 2015 dollars) rose over the first three periods, peaking
at $3.63 per gallon in 2012/2014 before falling to $2.37 per gallon in 2015/2017.

4.2 Methodology

The data described above are used to calculate the payback period for each hybrid
relative to its gasoline comparator. This means that we implicitly are focusing on
consumers who can decide between the HEV and the gasoline comparator that
we have paired with the hybrid. The calculations are done using the Total Cost
of Ownership (TCO) framework, which is an established rational-choice frame-
work that is often used in the auto sector to compare different products (e.g., see
Al-Alawi & Bradley, 2013). Key variables include the HEV gross price premium,
any applicable federal tax credit for the HEV, the difference in vehicle fuel econ-
omy, vehicle miles of travel by vehicle age, the vehicle scrappage rate by vehicle
age, the average interest rate on new auto loans in the year of purchase, and the
average national fuel price at the time of purchase. We also incorporate shadow
prices for vehicle power and cargo space and include these in the TCO. Below we
describe how we operationalize each of these components. Appendix 2 provides
technical details about how the TCO model is structured.

4.2.1 Baseline

Our baseline model estimates payback period in three steps. First, we estimate the
adjusted gross price premium, Pa, as the sum of gross price premium, auto insur-
ance costs, loan financing costs, and sales taxes. Gross price premium refers to the
difference between the MSRP for a hybrid and its gasoline comparator. Ideally, we
would want to use the average actual sales price for each vehicle. However, we rely

8 We acknowledge that these trends reflect composition effects (number and type of HEV varies across
the sample period) and changes in technology costs. Notice that the number of HEVs in our sample
increases from 19 in the first period to 51 in the last period. The total number of HEVs offered in 2016
was 55, which includes the Prius and a few other excluded vehicles.
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on the MSRPs since we do not have access to the actual transaction prices. Our
data on auto insurance costs reflect general trends in the insurance industry and are
not specific to the vehicles in our analysis. Loan financing costs are based on year-
specific 60-month auto loan rates and are taken from the St. Louis Federal Reserve,
again not specific to our vehicle pairs (Board of Governors, 2017). Sales tax reflects
the population-weighted average retail sales tax rate in the US.

Second, we estimate the present value of fuel savings at each age, ¢t € (1, 30),
in a vehicle’s life, where each age refers to year 1 to year 30 of a vehicle’s lifetime.
We then use combined miles per gallon (MPG) published by the EPA, fuel price,
vehicle miles traveled (VMT), and survival rates as follows:

1 1
Fp = (— — —) * VMT, = survival rate, * fuel price * d’, (1)

fi T

where fj, and f; refer to combined mpg for hybrids and gasoline vehicles, respec-
tively, and d (= 1/(1 + r)) is the discount factor on future financial impacts. We
assume that fuel economy labels produced by the EPA reflect the on-road MPG
of each vehicle. HEVs initially overperformed on laboratory tests. However, the
EPA updated its methodology in 2008 and again 2017 to address these concerns.’
If HEVs continue to overperform in laboratory testing, then this would imply that
our results are conservative. In other words, the payback on HEVs would be higher
than we report in our results. VMT and survival rates are taken from the agencies’
midterm report on the CAFE standards, and reflect the National Highway Traffic
Safety Administration’s (NHTSA) most recent estimates for mileage and survival
by vehicle age (TAR, 2016); see Figure 1. Fuel price is taken from the Energy
Information Administration (EIA) and reflects the fuel price in the respective model
years.lo In other words, we assume that consumers, at the time of purchase, use a
flat fuel price forecast when considering future fuel expenditures (Anderson et al.,
2013, 2011). All future dollar amounts are discounted to present value at the same
rate as the 60-month loan rate for that model year and are reported in real 2015
dollars.

Finally, we estimate payback period as the number of years of accumulated
fuel savings it takes to surpass the adjusted price premium, P,.

t
Paybaxck};‘“dine is ¢ such that : P, — Z Fn: =0. 2)
1

9 See discussion on EPA website here: https://www.fueleconomy.gov/feg/ratings.shtml.
10 We assume throughout that model year corresponds to calendar year. We recognize that manufactur-
ers generally begin producing and selling MY T in calendar year T-1.
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Figure 1 Vehicle miles traveled and survival rate by vehicle.
Source: National Highway Traffic Safety Administrations (NHTSA) most recent estimates for mileage
and survival by vehicle age (TAR 2016).

Our analysis does not account for resale value. Even though consumers typically
hold a new vehicle for less than half of its expected life, some recent economet-
ric analyses, reviewed above, suggest that fuel-saving technology provides a price
increment at resale that is roughly equivalent to the present value of fuel savings
over the remaining vehicle lifetime. While we assume the consumer buys a vehi-
cle and holds on to it, the addition of a resale step would not change our results,
as long as the rational-choice assumption is maintained. Therefore, our analysis
answers the question; how long does it take before the accumulated fuel savings
cover the price premium of a HEV?

4.2.2 Tax credits

Cash incentives have been shown to spur sales of HEVs (Diamond, 2009; Chandra
et al., 2010; Beresteanu & Li, 2011; Gallagher & Muehlegger, 2011; Jenn et al.,
2013). The Energy Policy Act of 2005 authorized federal income tax credits for
purchasers of HEVs that vary according to the rated fuel economy of the vehi-
cle (KRT, 2005). The maximum credit was $3400 per vehicle. The credits were
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gradually phased out when a manufacturer hit a HEV-sales threshold of 60,000
units. Toyota hit the threshold in mid-2006, and their HEV credit expired in Septem-
ber 2007; Honda’s credit expired in December 2008; and Ford’s credit expired in
the spring of 2010 (Internal Revenue Service, 2009). The national program, which
is estimated to have cost $1.4 billion in foregone revenue, was terminated at the end
of December 2010. Many states also offered (or still offer) incentives to purchase
HEVs but the state incentives tend to be small compared to the federal credit, except
for unusually large incentives offered temporarily by Colorado and West Virginia
and the sales tax exemptions provided to HEV buyers in some states (Sallee, 2011;
Diamond, 2009; Gallagher & Muehlegger, 2011). Incentives less than $1000 per
vehicle do not have a detectable effect on HEV sales (Jenn et al., 2013; Diamond,
2009). We do not address the question of who ultimately benefits from purchase
incentives: the producer or the consumer (see Busse et al., 2006; Sallee, 2011;
Gulati et al., 2017).

In this analysis, we account for the federal HEV incentives only, which affect
only some HEV models introduced before 2011. The number of HEVs offered in
the US has mushroomed from 2 in 2000 to 24 in 2009 to 55 in 2016. The applicable
federal credit is subtracted from the adjusted price premium before the consumer
payback period is computed. In other words, we adjust the baseline by subtracting
the tax credit from the numerator in Equation (2) where appropriate.

t
Payback$™! is 7 such that: P, — credit — Z Fp = 0. 3)
1

4.2.3 Shadow price for cargo and power

HEVs and their gasoline-powered cousins are usually indistinguishable to the
untrained eye (except when “Hybrid” is included on the name plate), but there
are some subtle nonfinancial differences that might influence consumer behavior.
For example, the hybrid version may have reduced cargo space (to make room for
the large and heavy battery pack) or may have different performance characteristics
(e.g., a typical pattern is somewhat faster performance from 0 to 30 miles per hour
but slower performance from 0 to 60 miles per hour) (NRC, 2015a). Also, at any
given trim level, the standard hybrid offering usually has more upgrade features
than the corresponding gasoline model (rarely does the hybrid version have fewer
upgrades). To account for nonfinancial features, we use literature values for the
shadow prices for those nonfinancial factors (i.e., hedonic prices for cargo space
and acceleration times). For a review of this literature, see Helfand et al. (2016).
We found that the studies reviewed vary widely in technical quality and relevance.
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Table 2 Mean shadow price for power and cargo within a given time period.

Time period Power Cargo Total
2006-2008 288.79 264.80 551.28
2009-2011 1436.86 51.61 1761.19
2002-2014 1288.74 68.08 1512.44
2015-2017 290.34 105.40 395.02

Notes: Reported is the mean shadow price adjustment for power and cargo positive numbers indicate
that the average HEV in the respective time periods has more power and cargo space than the average
internal combustion engine vehicle.

To illustrate the potential importance of the nonfinancial features, we report
consumer payback periods with and without the inclusion of shadow prices for
cargo space and power using estimates from Delgado et al. (2015).!! That study has
a research design and focus on HEVs that seems particularly appropriate for con-
sumers who might consider purchasing a HEV. We then use the estimated shadow
prices to adjust the price premium for cargo and power separately and jointly:'?

t
Payback;flrgo is t such that: P, — credit + cargo — Z Fn, =0 4)
1
t
PaybackzoWer is ¢ such that: P, — credit + power — Z Fp, =0 (®))
1
t
Paybackzarg()&poWer is t such that: P, — credit 4 cargo + power — Z Fp; =0.
1
(6)

4.2.4 Other factors

Hybrids rely on a relatively new technology in vehicles and this might raise con-
cerns about the reliability of the vehicle and the realization of fuel savings. Concur-
rently, consumers who are uncertain about future fuel prices might view HEVs as

11 For our purposes, we requested that Delgado et al. supply us estimates of the shadow price of power
where power was defined as horsepower per pound of vehicle weight. Those estimates, which are avail-
able upon request from the authors of this paper, were used in our calculations. We use these estimated
coefficients to adjust each HEVs price for cargo and power. The price adjustments for power and cargo
are summarized in Table 2.

12 Unfortunately, we are not able to monetize upgrade packages. Therefore, we present only a qualita-
tive analysis of these features.
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a reasonable hedge against spikes in fuel prices. The TCO model does not account
for these sources of valuation. It is difficult to predict the impact of these omissions
on our results since serving as a hedge against spikes in oil prices reduces the pay-
back period, while uncertainty about reliability increases payback period. We also
do not account for maintenance costs.

5 Results

The financial case for purchasing each HEV is evaluated using a TCO model. The
key summary statistic for each HEV model is the consumer’s payback period — the
average number of years of ownership and use that are required for the consumer
to recoup the price premium paid for the hybrid. If the payback period is longer
than the average life of a new vehicle observed in the market (about 16 years), then
we presume that a consumer’s decision not to purchase the HEV is rational.!> This
section describes our findings. We begin with the baseline payback period. We then
show how the results change as we account for tax credits, cargo space, and power.

We identify four payback thresholds that may be of interest. The first is three
years, which some analysts take to be the maximum number of years that the aver-
age consumer is willing to wait to recoup the incremental costs of a fuel-saving
technology (Small, 2010; Greene et al., 2013; Center for Automotive Research,
2011; NRC, 2015a). The second is based on the standard life of an auto loan (~six
years), which is slightly shorter than the average ownership period for the original
purchaser. The third is based on the expected life of a new car (~16 years), and the
last is based on the maximum age in the vehicle survival rate schedule (30 years).
We believe the 16-year threshold is of strongest interest from a rational-choice per-
spective.

5.1 Baseline

Table 3 reports the percent of HEVs that have a payback period within the specified
age thresholds for each of the price premium adjustments described in Section 4.2.
Using the baseline price premium, we find that 26.4% (= 29/110) of the HEVs
paid for themselves within 16 years. This number falls to 9.1% when we limit
payback to the general life of an auto loan, and 4.6% when we limit payback to

13 We estimated the expected life of a new car based on the survival rate schedule published in the
Midterm review of the CAFE program (TAR, 2016).
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Table 3 Percent of cars that payback within a given time period.

Annual VMT ()
Description 1-3 1-6 1-16 1-30
Base 4.55 9.09 26.36 27.27
Base + credit 4.55 12.73 31.82 32.73
Base + credit 4 cargo 4.55 12.73 31.82 32.73
Base + credit + power (*) 0.91 3.64 11.82 12.73
Base + credit + power (**) 1.82 10.91 29.09 30.00

Notes: Reported is the percent of hybrid-electric vehicles that have payback periods (in years)
indicated by column titles. Each row represents a different measure of the adjusted gross price
premium. Base indicates that adjustment is made for sales taxes, loan financing costs, and insurance
costs. Credit indicates adjustment for tax credits, and Cargo and Power indicate adjustments for the
shadow price of cargo space and power, respectively. VMT is vehicle miles traveled and is based on
VMT schedule published by the National Highway Traffic Safety Administration in TAR (2016). *The
shadow price of power indicated is calculated based on estimates from Delgado et al. (2015). **The
shadow price of power indicated is calculated based on estimates from Leard et al. (2017).

the 3-year period commonly believed to be the required payback period among
typical vehicle owners. Importantly, 74% of the HEVs we examine do not pay for
themselves within the expected life of a vehicle.

5.2 Tax credits

Results presented in the second row of Table 3 show that financial incentives offered
by the government affect the number of vehicles with payback thresholds in the
1-16 year range but not the 1-3 year range. In particular, 13% of vehicles payback
within 6 years and 31.8% payback with 16 years when we account for tax credits.
This result is largely a function of which cars are eligible for federal tax credits and
the value of those tax credits. Table 4 shows the number of cars in each payback
range that was eligible for a tax credit and the average credit amount. A total of 3
vehicles with payback periods less than 30 years qualified for the tax credits, but
these cars had payback periods of 7—17 years.!* The average amount of the credit
is $3000 among the three cars.

14 An additional 18 vehicles qualified for tax credits, but these vehicles had payback periods of more
than 30 years in the baseline.
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Table 4 Baseline payback periods and tax credits.

Years
Description 1-3 1-6 1-16 1-30
Base (%) 4.55 9.09 26.36 27.27
# of cars getting tax credit 2 1
Avg. amount of tax credit ($) 3400 2200

Notes: Reported is the percent of hybrid-electric vehicles (HEVs) that have payback periods (in years)
indicated by column titles. Also included is the number of HEVSs that receive tax credit and average
amount of the credit. Base indicates that adjustment is made for sales taxes, loan financing costs, and
insurance costs.

5.3 Cargo space and power

Cargo. Adjusting for differences in cargo space does not have any material effect
on payback periods. Although payback periods change slightly for some vehicles,
these changes are not large enough to affect the baseline results. This result is not
surprising given that the average difference in cargo space between HEVs and their
gasoline comparators is only 2.7 cubic feet. In other words, while consumers are
willing to pay a significant price premium for additional cargo space, HEVs do not
usually have a significant disadvantage on this dimension.

Power. The existing literature provides various measures of consumers’ valu-
ation of power. We rely on estimates from Delgado et al. (2015) and Leard et al.
(2017) and find that estimated payback periods are somewhat sensitive to the valu-
ation of power. Payback periods increase dramatically when we control for vehicle
power using the estimates from Delgado et al. (2015). In particular, only 12% of
vehicles payback within 16 years, 3.6% payback within 6 years and 1% payback
within 3 years after controlling for the shadow price of vehicle power. This reflects
a combination of lower power among HEVs and a strong demand for power among
consumers. Payback periods changed when we used the Leard et al. (2017) esti-
mates, but the effect is noticeably smaller than when we used the power valuations
from Delgado et al. (2015). Relative to the baseline with tax credit, accounting for
power using the Leard estimates reduces the percent of vehicles that payback within
16 years by about 2 percentage points. The comparable number for the Delgado
estimates is 20 percentage points. This discrepancy is attributable to the difference
in the estimates of average consumer willingness to pay for power.

The results do not change much when we control for both cargo space and
power. To summarize, we find that approximately 68% of the HEVs we study have
payback periods that extend well beyond their estimated useful life of approxi-
mately 16 years. Accounting for consumers’ willingness to pay for power increases
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this number by 1-20 percentage points, depending on the estimated shadow price
of power. Consequently, our results show that 12-30% of the HEVs in our study
have payback periods of 16 years or less.

5.4 Consumer heterogeneity: vehicle miles traveled and fuel
price expectations

This section describes results that account for differences across consumers. In par-
ticular, we analyze the impact of annual vehicle miles traveled (VMT) and expecta-
tions of fuel prices by defining consumers based on expected fuel price and annual
vehicle miles (VMT). We also discuss the implications of other sources of con-
sumer heterogeneity such as preference for new technology. First, we define four
types of consumers that differ only in annual VMT driven; 8000, 12,000, 16,000,
and 19,000.!5 We rerun our analysis separately for each type of consumer under the
assumption that the expected fuel price over the life of the vehicle is the same as the
fuel price in the year the vehicle is released. Second, we define four types of con-
sumers based on expected fuel price over the life of the vehicle; we used fuel prices
of $2, $3, $4, and $5 per gallon. We rerun our analysis separately for each type of
consumer under the assumption that annual VMT follows the scheduled published
by NHTSA in the 2016 Technical Assessment Report for CAFE. Results for varia-
tion in VMT and fuel price are reported in Panels A and B of Table 5, respectively.
Figures 1 and 2 report results for VMT and fuel price variation, respectively, when
the vehicle price premium accounts for the shadow price of cargo space and vehicle
power.

The results presented in Panel A of Table 5 allow us to comment on two points.
First, how does payback vary with annual VMT? The answer to this question is
predictable; payback period decreases in VMT. For example, the percent of HEVs
with payback period of 1-6 years increases from 11.8% for consumers with annual
VMT of 8000 to 47% for consumers with annual VMT of 19,000 in our baseline.
These numbers fall to 4.6% and 16.4% when we account for Delgado’s estimate
of willingness to pay for horse power. The impact of annual VMT on payback
period is more clearly illustrated in Figure 2 where we observe that the number
of vehicles that payback within 16 years increases sharply as VMT increases even
after accounting for the shadow price of cargo space and power.

Second, and more interestingly, we are able to tell which kinds of consumers
should find it rational to buy each type (make/model) of HEV, all else equal.

15 We also allow for a fifth type of consumer; one who adjusts VMT over the age of the vehicle accord-
ing to the VMT schedule defined by NHTSA (this is the default approach used in the paper).
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Number of Vehicles

13  4/6 716 13  4/6 7116 13  4/6 7116 13 4/6 7116
8K 12K 16K 19K
Payback years, by VMT

Figure 2 Payback period accounting for cargo space and power, by annual VMT.
Notes: Reported is the number of vehicles with payback periods of 1 to 3, 4 to 6, and 7 to 16 years. Each
payback period is estimated with annual VMT of 8 000, 12,000, 16,000, and 19,000.

These results are presented in Table Al of the Appendix. Of the 28 vehicle makes
covered by our analysis, only 5 of them had HEVs whose purchase could be ratio-
nalized by people who drive 8000 miles per year. This number increases to 26 for
people who drive 19,000 miles per year. Interestingly, roughly 75% of the makes
we analyze cannot be rationalized in our model even for drivers who cover 19,000
miles per year. We find similar results when we allow fuel price to vary; see Panel
B of Table 5, Table A2 and Figure 3. In particular, we find that the number of HEVs
whose purchase can be justifiably rationalized based on our analysis increases with
fuel price. Importantly, 73 of the vehicles we analyze fail to pay for themselves
regardless of the expected fuel price.

The results described in this section suggest that consumers with high annual
VMT or high fuel price expectations should find it in their interest to buy HEVs
compared to consumers with low VMT or low fuel price expectations. It is impor-
tant to note that these results do not tell us if consumers will purchase these vehi-
cles. In this respect, a future study of consumer heterogeneity in demand for HEVs
would be especially useful. It might include consumer-specific information on
forecasted vehicle miles of travel, rates of time preference, perceptions of HEV
repair and maintenance costs, borrowing costs, highway mileage, valuations of

https://doi.org/10.1017/bca.2018.24 Published online by Cambridge University Press


https://doi.org/10.1017/bca.2018.24

Most consumers don’t buy hybrids: Is rational choice a sufficient explanation? 25

Table 5 Share of vehicles that payback within 16 years by VMT and fuel price.

Payback by VMT (share of vehicles)

Description 8K 12K 16K 19K
Base 11.82 26.36 41.82 47.27
Base + credit 17.27 31.82 42.73 49.09
Base + credit + cargo 17.27 31.82 40.00 46.36
Base + credit + power (*) 4.55 10.91 16.36 27.27
Base + credit + power (**) 12.73 25.45 37.27 29.09

Payback by fuel price, per gallon (share of vehicles)

Description $2 $3 $4 $5
Base 18.18 29.09 46.36 59.09
Base + credit 24.55 34.55 48.18 60.00
Base + credit + cargo 22.73 33.64 47.27 55.45
Base + credit + power (*) 6.36 12.73 26.36 37.27
Base + credit + power (**) 20.00 29.09 42.73 56.36

Notes: Reported is the percent of hybrid-electric vehicles that have payback periods of 1-16 years for
drivers with different annual VMT (Panel A) and expected fuel price (Panel B) indicated in column
titles. Each row represents a different measure of the adjusted gross price premium. Base indicates that
adjustment is made for sales taxes, loan financing costs, and insurance costs. Credit indicates
adjustment for tax credits, and cargo and power indicate adjustments for the shadow price of cargo
space and power, respectively. *The shadow price of power indicated is calculated based on estimates
from Delgado et al. (2015). **The shadow price of power indicated is calculated based on estimates
from Leard et al. (2017).

performance and cargo space, beliefs about the future of fuel prices, and prefer-
ence for green technology. Such a study would use actual sales data at the vehicle
consumer level to determine the characteristics of consumers who buy HEVs.

We have explored only two sources of heterogeneity here. There are other
sources that surely play a role in consumer choice. For example, we would expect
consumer interest in HEVs to be greater among consumers with a strong preference
for environmentally friendly technologies relative to consumers with weak environ-
mental preferences. There is also variation in consumer preferences for owning the
latest technological advances. Some consumers prefer owning the most advanced
technology and are appropriately referred to as early adopters. Others are more
averse to new technologies and would prefer to wait until a new technology has
been proven to be reliable before they purchase and use it. Since HEV's represent
one of the latest advances in propulsion technology, we should expect consumers
with different attitudes toward new technology to react differently, even if their
computed ownership costs are identical. Although we are not able to incorporate
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Number of Vehicles

13 4/6 716 13  4/6 716 13 4/6 7116 13 4/6 7116

$2 $3 $4 $5
Payback years by fuel price

Figure 3 Payback period accounting for cargo space and power, by fuel price.
Notes: Reported is the number of vehicles with payback periods of 1 to 3, 4 to 6, and 7 to 16 years. Each
payback period is estimated with fuel prices of 2, 3, 4, and 5.

these consumer preferences in the total cost of ownership calculations, we are not
suggesting that such preferences are non-rational or irrational. They may certainly
help explain why some HEVs are purchased (even when they appear to be a poor
buy) and why other HEVs are not purchased (even when they appear to be a good
buy).

5.5 Vehicle heterogeneity: model year, weight and
manufacturer

This section describes variation in payback periods across vehicle characteristics.
We provide evidence on model year, vehicle weight and vehicle manufacturer.
Model year. Our results suggest that more recent HEVs have a much shorter
payback period, which should make them more appealing to consumers. In partic-
ular, we find that 20 of the 29 HEVs with payback periods less than 16 years are
from MY 2016 to 2017 in our baseline; the remaining vehicles are spread out evenly
across MY 2010-2014. Additionally, 9 of the 10 HEVs with payback periods of 1—
6 years are from MY 2016 to 2017. Similarly, 7 of the 13 vehicles that pay back
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within 16 years when we account for power and tax credits are from MY 2016 with
the remaining 6 vehicles coming from MYs 2007, 2008 and 2010. Additionally, all
of the vehicles that pay back within 6 years are from MY2016.

Vehicle make. We find that the results also vary across vehicle make. For exam-
ple, 19 of the 29 vehicles with payback periods less than 16 years in the baseline are
produced by only 4 manufacturers (Acura, Ford, Nissan, and Toyota). This number
drops to 2 when we account for power and tax credit; 8 of the 13 vehicles with
payback periods less than 16 years are produced by the two manufacturers (Ford
and Mazda).

Vehicle weight. We find that the mean vehicle weight in our sample is 4260
pounds. Interestingly, there is no meaningful variation in vehicle weight among
vehicles that have payback periods below 30 years in the baseline; these vehicles
weigh approximately 3800 pounds on average. However, vehicles with payback
periods of 304 years weigh 4400 pounds on average. Results are very comparable
for the other specifications; vehicles with payback periods above 30 years weigh
more than vehicles with payback periods below 30 years.

5.6 Upgrades and drivability

The long payback period for an investment in an HEV suggests that choosing their
gasoline comparators is a rational move for many consumers. In fact, our results
suggest that, for the majority of HEVs in our study, poor sales performance of
HEVs is consistent with a rational model of consumer behavior. However, the ratio-
nal model of behavior remains questionable for the 12%-32% of HEVs that have
payback periods of less than 16 years. Opting not to purchase a vehicle that pays for
itself within the vehicle’s expected life suggests to us that either consumers do not
value these fuel savings or there are other factors at play that we have not accounted
for. This section describes two omitted factors that might explain the low take-up
of HEVS.

Upgrades. A contender for omitted variables is upgrades such as entertainment
and safety packages. Because it is difficult to estimate a shadow price for these
upgrades, we collected information on the upgrades and discuss their prevalence
among HEVs relative to their gasoline comparators. We find that HEVs almost
always have at least the same set of upgrades as their gasoline comparators and in
many instances are equipped with richer upgrade packages than offered on their
gasoline comparators. Therefore, while we are unable to monetize these upgrades,
they are an unlikely explanation for why consumers chose not to buy HEVs. In other
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words, monetizing these upgrades would most likely reduce the payback period of
these HEVs, thus further weakening the case for a rational explanation of low sales.

Drivability. Another omitted variable focuses on drivability issues (e.g., brak-
ing and handling) that may arise due to regenerative braking systems or a notice-
able transition between electric and gasoline propulsion. We collected data from
consumer-facing expert auto reviews for a subsample of HEVs to document the
extent to which consumers might express subjective concerns about driving HEVs.
In particular, we search the reviews for disadvantages of the HEVs. Our focus on
negative comments is motivated by the fact that we are trying to explain why con-
sumers do not buy vehicles that presumably pay for themselves; this analysis is
limited to the 12% (= 13/110) of HEVs that have payback periods less than 16
years after accounting for the shadow price of power (Delgado et al., 2015). The
reviews are taken from Edmunds, US News and World Report, USA Today, and
Car and Driver; the results are summarized in Table 6 below.

Table 6 documents six dimensions of drivability and the number of HEVs for
which each dimension received a negative review. The results show that braking
appears to be a concern with some HEVs. Reviewers report that five of the HEVs
had brakes that felt artificial, sensitive, or stiff. There is also some concern about
handling and acceleration noise, particularly during the transition between gasoline
and electric power. If these features of the driving experience are highly valued and
if consumer perceptions of HEVs influenced or mirrored by expert reviews, then it
is possible that drivability differences between HEVs and their gasoline compara-
tors could partly explain the low sales, despite the favorable payback period. Such
drivability differences could explain the preferences of some consumers for some
of the 13 HEVs. 1

In most cases, however, the expert reviews do not raise the drivability issues
as reasons not to purchase the HEV. Indeed, the expert reviews of HEVs are often
quite favorable with regard to purchasing recommendation, particularly the 13 men-
tioned here. What reviewers are doing is sensitizing readers to how the drive of
an HEV may feel subtly different and may take a period of time to get used to.
The subtle nature of the differences is underscored by the fact that not all of the
reviewers raised the same drivability issues. More research is needed to determine
how important drivability issues are as consumers decide whether to consider or
purchase an HEV. Many consumers may reject HEVs before they even consider
drivability issues.

16 These are the Audi QS5, Chevrolet Malibu, Ford Escape, Ford Fusion, Mazda Tribute, Mercury Milan,
RAV 4, and the Infiniti M.
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Table 6 Drivability issues with HEVs noted by expert consumer-facing car reviewers.

Reviewer comment Number of Vehicles Commentator
vehicles
2 2016 Ford Fusion Edmunds/US News
Brakes feel artificial
2016 RAV 4 Edmunds/US News/Car and Driver
2 2016 Ford Fusion US News
Brakes sensitive
2012 Infiniti M US News
. 2 2007 Ford Escape  Edmunds
Stiff brakes
2008 Mazda Tribute Edmunds
3 2016 Ford Fusion Edmunds
Acceleration noise 2016 Chevy Malibu US News/USA Today
2007 Ford Escape ~ Edmunds/Cars.com
2 2010 Ford Fusion US News
Less nimble 2008 Mazda Tribute Edmunds
Steering is numb 1 2016 RAV 4 US News
Noticeable transition between
gas/electric power 1 2012 Infiniti M Car and Driver

Notes: These comments are pulled from reviews of 13 HEVs that have payback periods of 1-16 years
after accounting for the shadow price of power estimated in Delgado et al. (2015).

5.7 Selected case studies of specific HEVs

Here we present four short case studies of specific HEVs with payback periods less
than 16 years and highly favorable expert reviews but low purchase rates. Taken
together, the five case studies cover several vehicle classes and manufacturers.

2017 Ford Fusion Hybrid. The Ford Fusion is a popular midsized 4-door sedan
with a combined EPA rating of 42 miles per gallon. The first-generation Fusion
Hybrid was offered in 2010; the current generation began in 2013, with only mod-
est refinements since then. We estimate consumer payback periods of 1 year (tita-
nium trim), 6 years (SE trim) and 8 years (S trim). Drawbacks: some (but not all)
reviews raise subtle drivability issues (e.g., the feel of the regenerative brakes). For
several months in 2017, the Fusion Hybrid outsold the Toyota Prius (Cobb, 2017).
Nonetheless, only 11.24% of Fusion buyers are choosing the hybrid version.

2017 Chevrolet Malibu Hybrid. The Malibu is a popular midsized 4-door sedan
that competes with the Fusion. The Malibu Hybrid was first offered in 2016 with an
EPA combined rating of 46 miles per gallon (front-wheel drive). We estimate the
payback period at 8 years. The expert reviews are highly favorable. Drivability is
notably good: smooth transitions from electric to gasoline power and regenerative
brakes that feel like regular brakes. Drawbacks: offered in only one trim, though it
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is loaded with special features, and the trunk is undersized. Only 1.9% of Malibu
buyers are choosing the Malibu Hybrid.

2008 Ford Escape Hybrid. Through a licensing arrangement with Toyota, Ford
offered the first hybrid SUV in 2004 and refined the design for 2008-2012. The
combined EPA mileage rating was 34 miles per gallon (front-wheel drive); 31
miles per gallon (all-wheel drive). We estimate the consumer payback periods at 12
years (base trim, all-wheel drive) and 11 years (base trim, front-wheel drive). Ford
responded to consumer concerns by smoothing out the engine’s stop—start feature,
fine tuning the regenerative brakes so that they feel more like regular hydraulic
brake systems, and enhancing horsepower without compromising fuel economy.
In 2008 about 10.8% of Escape customers (17,173) chose the hybrid version. The
Escape Hybrid was terminated starting model year 2013.

2017 Toyota RAV4 Hybrid. The RAV4 is a popular compact cross-over vehicle
that, starting in 2016, was offered with a hybrid option for the first time. The com-
bined EPA mileage rating is 33 miles per gallon for front-wheel drive; 29 miles per
gallon for all-wheel drive. We estimate the consumer payback periods at 3 years for
both the XLE and Limited versions (front-wheel drive). Compared to the gasoline-
powered RAV4, the Hybrid has greater rated horsepower, greater low-speed torque,
and faster times from O to 60 miles per hour. The expert reviews are highly favor-
able. Drawbacks: there is a slight loss of trunk space and some (but not all) reviews
raise drivability concerns. In its first year (2016), the hybrid option accounted for
about 13% (45,097) of total RAV sales, despite a price premium of less than $1000
(Zola, 2017).

6 Policy implications and conclusion

Our results show that the average consumer is unlikely to find it worth her while to
purchase most of the HEVs in our sample. This is not to say that some consumers
will not purchase HEVs. In fact, our analysis suggests that consumers who drive
many miles per year or have high fuel price expectations might find that HEVs are a
good buy. We also expect HEVs to be popular among consumers who like to adopt
the latest vehicle technology as well as those who are environmentally friendly.
However, these kinds of preferences/characteristics are unlikely to be representative
of the average or even the median consumers. Therefore, one possible explanation
for the positive but low market share enjoyed by HEVs is that there are not enough
consumers for whom most HEVs are a good deal.

So, if most HEVs are not a good deal for consumers, why are vehicle manu-
facturers offering them? We can only speculate. Some offerings may be intended
as an experiment, to discern the extent of consumer demand that might exist (e.g.,
LaReau, 2011 on the pricing of the Lincoln MKZ Hybrid). Some manufacturers
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may perceive HEV offerings as useful in boosting the public image of the company,
even though they do not sell well. Some manufacturers may see HEV offerings as
a technique to enhance their average CAFE compliance numbers or to prepare for
future years when CAFE constraints may become binding (e.g., see Iliff, 2018 on
why CAFE considerations might be inducing Lexus to sell HEVs at a loss). In any
event, it is well known that marginal cost and price are not tightly connected in the
auto industry, especially in the short run (Gron & Swenson, 2000).

The federal government’s CAFE standards generate some social benefits in the
form of reduced pollution (e.g., the greenhouse gases linked to climate change), but
the costs of stricter CAFE standards are sufficiently large that they may not be jus-
tified by consideration of environmental benefits alone (NHTSA, 2012; EPA, 2012;
TAR, 2016). The climate-related benefits are particularly uncertain because they
depend on the highly uncertain estimates of the social cost of carbon (Interagency
Working Group, 2016; NRC, 2017; Morgan et al., 2017). Indeed, about 80% of the
predicted benefits of CAFE standards come in the form of gasoline savings to the
private consumer; and it is those private benefits that drive the favorable benefit-
cost results reported in support of CAFE standards (NHTSA, 2012; EPA, 2012;
TAR, 2016; Gayer & Viscusi, 2013; Helfand & Dorsey-Palmateer, 2015). CAFE
aims to capture those private benefits for consumers by establishing performance
standards that require manufacturers to invest in fuel-saving technologies such as
improved engines and transmissions and hybridization, though some evidence sug-
gests automakers also respond by compromising performance (Klier & Linn, 2012).
The pro-regulation logic is that CAFE regulation is justified by the consumer’s ex
post “experienced utility” even though the investments are not made voluntarily by
consumers at the time of vehicle purchase, the “decision utility” perspective (Kah-
neman & Sugden, 2005; Fischer et al., 2007; Gillingham & Palmer, 2014; Helfand
& Dorsey-Palmateer, 2015).

The agencies’ engineering-economic studies originally suggested that widespr-
ead hybridization would not be necessary for manufacturers to comply with the
2017-2025 federal standards, since more cost-effective compliance alternatives are
available (NHTSA, 2012; EPA, 2012; NRC, 2015a). However, the recent compli-
ance modeling performed by NHTSA projects that more hybridization will be nec-
essary than is projected by EPA (TAR, 2016). Moreover, some vehicle classes (e.g.,
performance-oriented sedans) and vehicle manufacturers (e.g., Mercedes-Benz and
BMW) may be compelled to invest in significant hybridization, given their current
fleet mix. Even if vehicle manufacturers do not invest in full hybridization, some of
the elements of HEVs (e.g., regenerative breaking and stop—start systems) may be
attractive compliance options for regulated manufacturers (German, 2015).

The regulatory ramifications suggest that some priority should be given to
extending the line of research that we have executed in this paper. It is important
to understand whether the limited commercial success of hybrids is attributable
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to rational choice (given low fuel prices in the U.S.) or non-rational behaviors by
consumers.

One extension of our study would be to undertake a similar analysis in Japan,
where average fuel prices are approximately $4.50 per gallon, the government sub-
sidized HEV purchases until 2012, and HEVs account for 35% of conventional
passenger vehicle sales (Osuga, 2017; Japan Automobile Manufacturers Associa-
tion, Inc., 2017). A better understanding of the Japanese situation could shed light
on the low rate of HEV penetration in the U.S. and Europe. The European market is
a less promising area of study because the diesel-powered car has, until the recent
Volkswagen scandal, been dominating the light-duty market.

Another extension would be to build on the recent experiments of Allcott and
Knittel (2017) by focusing on consumers who are likely to purchase a model that
has both a gasoline and hybrid offering. A combination of stated-preference and
revealed-preference studies could add additional insight into why relatively few
consumers choose the hybrid, even when the total cost of ownership of the hybrid
is attractive. Some social science research on how “hybrids” are perceived by con-
sumers might also be useful, coupled with informational interventions. A key issue
is how receptive consumers are to new information about HEVs that challenges
their prior beliefs.

Finally, further extensions should examine heterogeneity in consumer charac-
teristics (e.g., miles driven per year, share of miles driven in congested inner-city
traffic, higher borrowing costs for subprime buyers, and variable time preferences),
state-level variation in gasoline prices (about $1.00 per gallon larger in California
than the US national average, primarily due to tax differences), and variable percep-
tions of future gasoline prices, future maintenance and repair expenses for vehicles,
and safety risks. Without a complete analysis of heterogeneity, it is possible to con-
clude erroneously that consumer undervaluation of fuel savings is present (Bento
et al., 2012).
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