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Abstract
The literature indicates catastrophic potential for electric vehicles around the year 2019. Amidst the predicted
time, this research revisits the prequel analysis with state-of-the-art deterministic artificial intelligence
methodologies to posit the potential for catastrophe in the upcoming year. The methodology has proven effective
with motion mechanics, electrodynamics, and even financial analysis of sales date in the prequels, since the
model commences with simple regression for mathematical model formulation asserting the certainty
equivalence principle, followed by derivative modeling and eventually catastrophe analysis of the derivative
models. The prequel analysis paradigms are retained in this sequel utilizing both monthly and cumulative sales
data in simple least squares algorithms for predictive curve fitting to establish context and help correctly model
the mathematical degree of the data. Extrapolation by forward time-propagation established predictions for
models of various mathematical degrees (again merely for context). Next, catastrophe analysis (of the derivative
form) revealed stable and unstable equilibrium points and then parametric variation was induced to evaluate the
resulting behavior of the derivative models, highlighting the importance of the coefficient of the second order
term (the acceleration or change of rate of sales as a forcing function). While the forcing function typically
embodies both gasoline prices and vehicle charging proliferation, the relative stability of gas prices together with
factors such as vehicle-to-grid elevate charging-station proliferation as the primary forcing function of
slow-dynamics in catastrophe analysis. This brief manuscript revisits the prequel research to test the validity of
those conclusions and with the benefit of the passage of time, reveal how well the mathematical modeling
predicted real behavior. The main finding is the predicted potential catastrophe is less likely to occur and
recommendations are made to insure catastrophe is averted.
Keywords: electric vehicles, catastrophe theory, equilibrium point, jump theory, deterministic artificial
intelligence, sustainable transportation, demand response, gas prices, charging stations
1. Introduction
1.1 Introduce the Problem
Recent literature (Sands, 2017) revealed the distinct possibility of an unexpected catastrophic crash in sales of
electric vehicles in 2019.
1.1.1 Why is This Problem Important?
How does the study relate to previous work in the area? Subsequent to that prequel research, the rapid rise of
non-stochastic artificial intelligence methodologies (Baker, 2018), (Sands, InTech, 2019), (Lobo, 2018)
stemming from combinations of physics-based controls (Sands, Lorenz, 2009), (Sands, 2012), (Sands, 2015) and
mathematical system identification from data (Sands, Comp., 2017), (Sands, J.Space Exp., 2017), (Sands, Kenny,
2017), (Sands, Phys J., 2017), (Sands, J.Space Exp., 2017), (Sands, Armani, 2018) together with adaptive
systems methods (Nakatani, 2014), (Nakatani, 2016), (Sands, Aero, 2019), (Cooper, 2017), (Smeresky, 2018),
(Sands, Algor., 2019), (Sands, Bollino, 2018) has been adopted and incorporated into new educational schemes
driven by military operational imperatives (Kuklinski, et al., 2019), (Sands, Mihalik, 2016), (Bittick, et al., 2019),
(Sands, “satellite”, 2009), (Sands, Intl. J. Electro., 2018) with accompanying educational imperatives (Mihalik,
et al., 2017), (Camacho, et al., 2017). How does this manuscript differ from, and build on, the earlier report?
These methods have been successfully applied to quite disparate disciplines piecemeal as the techniques have
been developed, bestowing the ability for data-informed decision-making, e.g. should a military plan to invest
heavily in electric vehicles with a realistic anticipation of a robust commercial industrial base.
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1.1.2 What are the Primary and Secondary Hypotheses and Objectives of the Study, and What, if any, are the
Links to Theory?
In this manuscript, state-of-the-art deterministic artificial intelligent methodologies (Smeresky, et al., 2020) are
applied to first utilize optimal system-identification (simple regression) to provide deterministic models. By
invoking the certainty-equivalence principle, those deterministic models are parameterized to establish
decision-making and process control motivations by establishing the deterministic self-awareness statement. The
math models are differentiated to yield differential models that are used in catastrophe analysis to predict a
potential shock event in vehicle sales. Shock events inherent in some classes of differential equations embody
rapid, unexpected dramatic changes in data, and they are also referred to as “jump discontinuities”.
1.1.3 How do the Hypotheses and Research Design Relate to One Another?
Utilizing such methods previously used on (non-electric) military systems increase the likelihood of adoption,
since the methods are well known and trusted.
1.1.4 What are the Theoretical and Practical Implications of the Study?
The main aim of this work is to ascertain whether the potential catastrophe has been averted, and use this
information to make recommendations for the future. Catastrophe is driven by a slow-moving dynamic driven by
a forcing function, predominantly gasoline prices and also electric-vehicle charging proliferation which is
amplified by vehicle to grid (V2G) technology. (Vehicle to grid, 2018)
2. Materials and Methods
Materials and methods normally comprised of three sections: definitions, data, and methods to include details on
the new additional data since the 2015 data used in the prequel (Sands, 2017). Here the definitions (Gohlke,
2018) and data (Light Duty, 2018), (Monthly Plug-in, 2018), (Plug-in, 2018), Cobb, 2018) are placed in the
appendix at the end of the manuscript; while a brief contextual introduction to the methods (taken from
deterministic artificial intelligence) utilized to produce the results in section 3 are included immediately in
section 2.2 with background materials on electric vehicles in section 2.1
2.1 Materials (Literature Review)
An interesting manuscript “The effect of perceived risk on the purchase intention of electric vehicles: an
extension to the technology acceptance model” (Thilina, 2019) seeks to analyze significant market penetration
for the sale of electric vehicles accompanied by the analysis (Mo, 2018) of life-cycle cost of ownership including
congestion and environmental impacts (Tu, 2019), (Rajeev, et al., 2019), (Hao, 2017), (Philipsen, et al., 2019),
(Lopez-Arboleda, et al., 2019), (Almeida, et al., 2019). Considerable emphasis have been placed on
improvements in vehicle charging (Wolbertus, et al., 2019) amongst many other underlying technological areas
(Zhao, et al., 2019) seeking to improve the value proposition to potential buyers (Jager, et al., 2019), (Zhang, L.,
et al., 2019), (Li, et al., 2019), (Minnerup, et al., 2019), (Muller, 2019) and also make recommendations in both
technology (Zha, et al., 2019), (Li, et al., 2019), (Zha, et al., 2019), (Li, et al., 2019), (Jiyan, et al., 2019), (Pier,
et al., 2019), (Agaton, et al., 2019), (Fujita, T., et al., 2019), (Watanabe, et al., 2019), (Kusaka, et al., 2019),
(Zhang, W., et al., 2019), (Fujita, H., et al., 2019), (Mayer, et al., 2019), (Ricciardi, et al., 2019), (Chen, et al.,
2019), (Yu, Z., et al., 2019), (Senda, et al., 2019), (Marquez-Fernandez, et al., 2019), (Wu, D., et al., 2019),
(Wang, H., et al., 2019), (Obayashi, et al., 2019), (Gong, et al., 2019), (Vermeulen, et al., 2019), (Jia, J., et al.,
2019), (Li, Q., et al., 2019) and policy incentives (Zhang, X., et al., 2019), (Ortar, et al., 2019), (Li, W., et al,
2019) culminating in charging strategies to influence the obvious trade-off between gasoline prices and charging
availability (Zhao, Y., et al, 2019), (Wolbertus, et al., 2019), (Zethmayr, et al., 2019), (Bansal, et al., 2019), (Yuan,
et al., 2019). This manuscript presumes all of these contending aspects are self-evident in vehicle sales data as a
reflection of buyers’ perceptions. Therefore sales data remain the focus for analysis here as we seek to predict the
future electric vehicle market (Lee, et al., 2011), (Electric Vehicle, 2019), (EV Sales, 2019), (Researchers, 2019),
(Electric Vehicles Markets, 2019), (Electric Vehicle (EV) Transmission, 2019), (Electric Vehicle Market Size,
2019), (Electric Vehicle Market, 2019), (Global Electric, 2019), (Global EV, 2019), (Electric Vehicle Market by,
2019), (Electric Vehicle Market Forecast Report, 2019), (Electric Vehicle Market by Type, 2019), (Driving into
2025, 2019), (Electric Vehicle Market Outlook, 2019), (Electric Vehicle Sales Forecast and the Charging, 2019),
(For Widespread Adoption, 2019), (Global Electric Vehicle Market (BEV, PHEV), 2019) .
2.2 Methods
Using the new data articulated and explained in sections 2.1-2.3 along with, analysis methods taken from
deterministic artificial intelligence are applied to the exact dataset used for the prequel, where the data has
merely been appended with the new data bestowing results in the following section of this manuscript
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comparable to the prequel. Definition of equations for the system that are optimal commence the effort such that
sales data is reflected by the modeling. A brief divergence is taken (simple time-extrapolation) to establish the
paradigm of the dynamics and grant a remedial expectation of the results. Next, the impact of slow-moving
dynamics on the fast-moving (dominant) dynamic is investigated using differential forms of the optimal system
equations. Such dual dynamic (slow and fast-moving) is the hallmark of Catastrophe theory, where often
confounding nonlinear affects are seen. Decisions are often made using systems assumed to be linear, while
otherwise unstable linear system models (those not settling at zero steady-state) can be slowly changing such that
they can rapidly become stable (i.e. catastrophically settle at zero monthly sales). Equilibrium points are revealed
by equating the differential forms (the principle re-parameterization) of the system equations to zero. Stability or
instability is determined at each equilibrium. Slow modification of the differential equations illuminates “jump
discontinuities” associated with potential catastrophe. Sales undesirably go to zero at a stable equilibrium point
with a jump discontinuity.
The modification of system equations is driven by a forcing function predominantly comprised of gasoline prices
and charging station proliferation, while gas prices are presumably not the dominant factor due to relative
stability; and thus, EV charging station adoption amplified by V2G enhancements predominantly establish the
forcing function.
3. Results
The following results follow the general process-flow of deterministic artificial intelligence: 1) perform optimal
system identification, and then 2) reparametrize the optimal system dynamics to bestow predictive decision
making. In this research, an intermediate step is inserted to establish the paradigm of the system dynamics and
provide some measure of anticipation of expected results.
3.1 System Identification: Optimally Fitting Data to Assumed Models
Figure 1a shows the least squares analysis based on monthly and total sales of vehicles. The significant fact that
actual cumulative sales data does not require a third-order (or higher) mathematical model to optimally fit the
data, implying the existance of catastrophe of cumulative sales data (precititous, unexpected plummeting) is
unlikely. The variance proportion of the dependent variable predictable by the independent variable is the
coefficient of determination R in equation (1), while the correlation coefficient r, indicates the strength between
variables and relationships, and may be calculated enroute to the coefficient of determination in equation (2).
The basic equation of least squares is purposefully ommitted to preclude the accidental implication that system
identificaion must be done with least squares, while other algorithms (e.g. extended least squares, posterior
residuals, exponential forgetting, etc.) would also suffice (Sands, Computation 2017), (Sands, J.Space Exp.
2017).
(1)

= ,
̅

∑

=

,

(2)

= 219.7 ,
= 0.4348
= 0.0658
= 0.0019
= −3 × 10

+ 0.0074

+ 189.34 ,

− 7.5938

− 0.2661

(3)
+ 409.7 ,

+ 9.7575

− 0.6855

(4)
(5)

+ 145.14 ,

+ 22.547

+ 19.788 ,

(6)
(7)

Notice the proportion is not increased by increasing the order of the mathematical model, and thus a third-order
system (and accompanying risk of catastrophe) is unnecessary. These facts fit intuition, since the cumulative
total has built over years, and it is difficult to fathom a non-theoretical occurrence that would cause the
cumulative total to go to zero (implying rapid depletion of the cumulative total via removal of hundreds of
thousands of cars from the streets). This initial analysis is provided as an intermediate check of theory. Next,
we commence the catastrophe analysis by switching to analysis of monthly sales data derivatives (as opposed to
cumulative sales data) where equations (3)-(7) are the optimal system models established in the generic
procedure of deterministic artificial intelligence, whose subsequent step is to parameterize to establish
decision-making and process control motivations. The re-parameterization utilizes differential forms, but first we
take a short informative digression to use extrapolation via forward time progression to bestow an initial instinct
and establish an expected-result from the subsequent catastrophe analysis using differential forms.
It is also noteworthy to compare the prequel research results which concluded a potential catastrophe in 2019.
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Figure 2 inn reference (S
Sands, 2017) ddisplayed a doownward trendd after the 40thh month. Thhis downward trend
indicated tthe fast, domiinant dynamiccs indeed is accted upon by a slow dynam
mic, and this slow dynamic was
shown to ppotentially gennerate a catastrrophic crash inn vehicles salees in 2019. F
Figure 1 in thiss sequel revealls the
previouslyy-predicted dow
wnward trend was successfu
fully reversed iin very recentt years withouut large steady--state
reduction iin gas prices im
mplying electrric vehicle chaarging station pproliferation am
mplified by V22G seems to be
e one
forcing fuunction that haas averted thee previously-ppredicted poteential catastropphe, and subssequent paragrraphs
investigatee whether this trend reversal is sufficient too avoid any pootential catastroophe.

(b)
(a)
Abscissa displaays months sinnce December 22010, while thhe ordinant dispplays number oof vehicles sold. (a)
Figure 1. A
Least sqquares curves fitting cumulaative sales dataa. (b) Least squuares curves (liines) fitting moonthly sales da
ata
(points).

Figure 2. Inherent dynaamics (optimal math models)) extrapolated tto future time. Abscissa dispplays months since
Decem
mber 2010, whiile the ordinannt displays monnthly number oof vehicles soldd.
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3.2 ASIDE
E: Extrapolatioon by Forwardd Time Propagaation
Often, nom
minal future saales are guesseed by propagatting forward thhe optimal systtem equations’ curves (Figurre 2).
Since highher order modeels can accounnt for higher orrder affects, acccuracy increaases with orderr (i.e., data is better
b
fit by the ccurves) Order is usually incrreased until thhe correct moddel is achievedd, after which iincreasing order no
longer yieelds significantt accuracy impprovement. Cuumulative salees data indicated that high-oorder forms did
d not
more-accuurately represeent the sale datta. Investigaating monthly sales data fivee models are iinvestigated, where
w
low-order models indicaate a near-staticc, slight declinne in monthly sales, while thhe third and foourth ordered forms
f
indicate pootential catastrrophe, and thee fifth order m
model indicatedd an initial (lenngthy) catastroophe followed by a
rebound eiighteen years later.
l
3.3 Sales R
Rates from Diff
fferentiation off Assumed Moddels
Each point in Figure 1b is sales for a given month, and each linee represent seqquentially highher-ordered mo
odels.
All the cuurves generallly oscillate inn an increasingly upward ddirection. It iis easy to (peerhaps mistakenly)
conclude iincreasing salles (without a catastrophic jump) shouldd be expected,, but we learnned in the pre
equel
research (S
Sands, 2017) that upward trrend was wouuld continue iff permitting too continue based on the systtem’s
own internnal dynamics defined
d
by thee optimal systeem equations. F
Figure 2 reveaals that catastrrophic sales de
ecline
remains a distinct posssibility, as w
was revealed in the preqquel (Sands, 2017), despitte equations 8-12
(corresponnding to equattions (3)-(7) reespectively) diiffering from tthe results in tthe prequel. The differenc
ces in
equations indicate someething has chaanged since thhe prequel, soo next we perrform catastropphe analysis using
u
equilibrium
m points of thee differential foorms (equationns 8-12) whosee results are diisplayed in figuure 3.
= 219,

(8)

= 0.9296 + 18
89.34,

(9)

= 0.1974

− 15.1876
1
+4
409.7,

= 0.0076

− 0.7983
0

= 15 × 10

(10)

+ 19.515 + 145
5.14,

+ 0.0296

− 2.0565

+ 45.094 + 19.788,

(11)
(12)

Figure 3. S
Sales rate dynaamics
3.4 Fast annd Slow Dynam
mics of Catasttrophe Theory Starts with Finnding Equilibrrium Points
Continuingg with our annalysis, we innvestigate whhether these ssystem equatioons are susceeptible to “jum
mps”
associatedd with catastropphe theory. Differentiating thhe optimal sysstem equationss would reveal equilibrium points
p
5
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in the sysstem equation where the raate equations ccross zero (Fiigure 4a and 4b). A stable equilibrium point
p
indicates ppotential, sincee the system’s inherent dynaamic would seeek to stay at thhe stable equillibrium poing (zero
monthly saales…a catastrrophe).
3.5 Slow M
Moving Dynam
mics in Systemss: Impulse Iterration
Since the fifth order forrm indicates eeventual catasttrophe recoverry, we focus tthe examinatioon on the third
d and
fourth deggree forms (seee figure 4). Booth forms indiicate potentiall catastrophy inn the past associated with stable
s
equilibrium
m points, whilee unstable equiilibrium pointss equilibrium ppoints exist in tthe immediate past, indicatin
ng the
upward trrends unanimoously indicatedd in figure 1bb are positiveely reinforcedd by catastrophe analysis. This
indicates thhe risk of catesstrophic declinne has past, andd it is now reasonable to preddict a sustainedd increase in ele
ectric
vehicle salles, adding to the
t robust poteential of the industrial base.

(a)

(b)
Figure 44. Use dy/dx = 0 to locate eqquilibrium poinnts.

Figure 5. Sales and ratee equations exttrapolated in tiime.
This resultt is different than
t
the prequuel analysis (Saands, 2017), sso explanatoryy investigation is warranted to be
sure we caan believe thee most recent sales data hass indeed changed the underrlying optimal system dynam
mics.
Figure 5 ccompares the 4th
4 order systtem model, em
mphasizing thee behavior leaading up to thee year 2018. The
figure reveeals that 2018 culminated a dramatic channge in the systtem dynamics that began in 2015 (the lastt data
available for the prequuel research). Thus, the preequel researchh was amidst a system-recoovery indicated by
6
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modeled ddeclining sales,, yet sharply im
mproving saless rates.
Equation 66, whose differrential form is equation 11 illustrate the im
mportance of thhe coefficient ““b” as articulatted in
the prequeel representing the forcing fuunction of relattive gas pricess (whose importance is minim
mized by relattively
stable gas prices) and charging statioon proliferatioon (whose im
mportance is am
mplified by V
V2G). The pre
equel
iterated coontrol variablees a, b, and c, and control variable b waas found to haave the most significant im
mpact.
Furthermoore, iteration of
o coefficients in the prequeel revealed moodification betw
ween stable annd unstable is best
achieved bby modifying the b coefficiient on the sqquared-term ass displayed in figure 6a (rem
minder: this figure
f
displays thhe prequel ressults, which laacked data aftter 2015). Phyysically, the bb-coefficient reepresents a forcing
function ddue to its secoond-order form
m. Such forcinng functions innclude changees in gasoline prices, changes in
availabilityy of charging stations,
s
and ooverall attractivveness of electtrical vehicles to buyers (performance, com
mfort,
appearancee, etc.).
Figure 6b depicts the least squares opptimal system equation (b=18.9 from the pprequel) comppared to higherr and
lower valuues of b, wheree we see that 118.9 remains a key inflectionn value. Nottice in figure 111b that valuess of b
higher thann 18.9 precludde a future cataastrophe. Meannwhile it remains apparent thhat reducing b degrades sales and
could be aassociated withh higher gas pprices or other negative forrcing functionss. Lowering ggas prices (or other
positive foorcing functionns) could be asssociated with increasing b w
which improves sales perform
mance.
A key poinnt is the gross nature of the curves in figuure 6 a and b. Notice the pprequel (figure 6a) revealed all
a of
the system
m definitions reesulting in stabble equilibrium
m points, and inncreasing the b coefficient (thhe forcing function)
merely dellayed the poteential catastropphe. Meanwhhile using the updated sales data, the curvves revealed in
n this
study dispplayed in figurre 6b indicatee all curve eveentually turn uupward (goodd). Thus, new innovative forcing
functions are not necesssary, rather ccontinuation oof the forcing functions useed in the receent past (polic
cy in
particular)) should be conntinued to mainntain the mom
mentum.

(b)
(a)
Figure 6.. Increasing b coefficient
c
to iincrease sales. (a) results of ooriginal data inn ref (Sands, 22017), (b) upda
ated
results usiing latest sales data
4. Discusssion
The results of this sequeel research inddicates that possitive measurees exemplified by charging sstation proliferration
amplified by V2G leadding up to thee year 2015 hhave resulted in a modificaation of the ggoverning inherent
dynamics of electric vehhicle sales. The predicted catastrophe in 22019 seems to have been aveerted. Subseq
quent
to very reecent years, it seems that ellectric vehiclee monthly salees have passedd an unstable equilibrium point,
p
indicating the system is very unlikely to crash or rappidly reduce too zero. These rresults thereforre predict (con
ntrary
to the preqquel) the induustrial base wiill be supporteed by robust eelectric vehiclee sales, and fuuture adopters (e.g.
military uunits that curreently strictly rely on petroleum fueled ssmall and medium vehicless) can legitim
mately
contemplaate using electrric vehicles too support theirr operational imperatives. Prrevious policyy actions should be
celebratedd and continueed to maintainn the momentuum behind eleectric vehicle adoption by ssuch potential new
7
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users. Adoption by military units should be pursued, since such would establish a (non-fickle) client base, as
such units tend to react relatively slowly to negative forcing functions.
4.1 Future Research
Periodic re-evaluation with updates sales data should be considered, especially in instances when driving
functions change, especially gasoline prices).
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Appendixx A
Definition
ns and Data
Definitionns, verbiage, annd data are takken directly froom (Gohlke, 20019) and (Lighht Duty, 2019)), where verbia
age is
modified ffor clarity andd easier readingg. The backgroound material and methods reside on a "living-website"" that
routinely uupdates its conntent leading too the unavailabbility of this m
material followiing website uppdates. For example,
seeking thhe 2015 data in
i the prequel article (Sandss, 2017), readers who go too the referenceed citations ca
an no
longer acccess the raw data
d
to duplicaate the prequeel results. Thherefore, in thhis sequel enouugh material taken
t
directly froom the cited sources
s
(with ccredit to them)) has been addded in the appendix, so the rreaders of this new
sequel cann duplicate the research.
A.1. Definitions Taken Directly
D
from ((Gohlke, 2019)) and (Light Duuty, 2019)
Currently available elecctric-drive vehhicles in the U
U.S market innclude hybrid electric vehiclles, plug-in hy
ybrid
electric veehicles, batteryy electric vehiicles and fuel cell electric vvehicles. Plug--in vehicles innclude both plu
ug-in
hybrid eleectric vehicles and battery eelectric vehiclles. Hybrid eleectric vehicless debuted in tthe U.S. mark
ket in
Decemberr 1999 with a mere
m seventeenn sales of the first-generatioon Honda Insigght, while the first plug-in hy
ybrid
electric veehicles (Chevroolet Volt) and battery electriic vehicles (Niissan Leaf) moore recently debuted in December
2010. Elecctric drive vehiicles are offereed in several car and sport-uttility vehicle m
models, and a ffew pickup and
d van
models.
A.2. Data Taken Directlyy from (Gohlkee, 2019) and (L
(Light Duty, 20019)
hicles
Historical sales of hybridd electric vehicles, plug-in hhybrid electric vehicles, and aautonomous annd electric veh
are compilled by Argonnne’s Center forr Transportatioon Research annd reported to the U.S. Depaartment of Energy’s
Vehicle Technologies Office
O
each moonth. These saales are shownn in Figures 1--5. Figure 1 shhows monthly new
battery eleectric vehicless and plug-in hhybrid electricc vehicles salees by model. F
Figure 2 show
ws cumulative U.S.
plug-in vehicle sales. Figgure 3 shows yyearly new hybbrid electric vehicles sales bby model. Figuure 4 shows ele
ectric
drive vehiccles sales sharre of total lightt-duty vehicle sales since 19999. Figure 5 sshow hybrid ellectric vehicless and
plug-in vehhicle sales chaange with gasooline price.

Figuure 1. Monthlyy new plug-in vvehicle sales.
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Figuree 2. Commerciial U.S. plug-in vehicle saless

Figure 3. Yeearly new hybrrid electric vehhicles sales by--model.

Figure 4. E
Electric-drive vvehicle share oof new vehicle sales
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Figure 5. Monthly neew electric-drivve vehicle salees
A.2.1. Lateest Monthly Sales Data takenn directly from
m (Gohlke, 20119) and (Light Duty, 2019)
Sales data are compiled from
f
several soources at differrent points in ttime. Initially, the data were ccompiled from
m J.D.
Power andd associates’ sales
s
reports, aand Electric D
Drive Transporrtation Associaation and hybrrid electric ve
ehicle
manufactuurers’ informattion. Later, thhe data were ssupplied to thee Argonne Naational Laboratory by Green
n Car
Congress. Currently, thee data are colleected from Hybbrid Market D
Dashboard. Civvic hybrid saless are as reporte
ed by
Honda in 22003 and 20044. Data from 22005 and laterr represent salees as reported by Electric Drrive Transporttation
Associatioon, Hybrid Dashboard, and G
Green Car Coongress. The E
Escape, Highlaander, RX 4000h, Camry, and
d GS
450h hybriid sales represeent registrationn information ffrom Electric D
Drive Transporrtation Associaation through 2006.
2
The 2007 E
Escape and GS
S450h sales daata are from Grreen Car Congrress. Accord hhybrid sales datta are from Ele
ectric
Drive Trannsportation Asssociation andd Green Car C
Congress. The 2007 Vue hybbrid sales dataa are from Ele
ectric
Drive Trannsportation Asssociation (Jannuary to May only), and latter sales data are from Hybbrid Dashboard
d and
Green Carr Congress. Thhese numbers aare by calendaar year, not by model year ass reported by tthe U.S. EPA in its
“Light Dutty Automotivee Technology, Carbon Dioxide Emissions aand Fuel Econnomy Trends R
Report.” The hy
ybrid
electric veehicles percentt shares reporrted by U.S. E
Environmental Protection Aggency are for vehicles weig
ghing
<=8,500 lbbs. while sharres reported hhere are for vehicles weighhing <=10,000 lbs. The Alternative Fuelss and
Advanced Vehicles Dataa Center at the Department off Energy website also providdes annual hybrrid electric veh
hicles
sales data.
A.2.2. Plugg-in vehicle saales (see Table 1)
Table 1. Plug-in vehicless sales1
Vehiccle

Junne 2018
311,123
222,692
8,4431%
299,514
200,235
99,279

Tottal hybrid-eleectric vehicles
Carss
Light truucks
Total plug-in
n vehicles
Battery-electrric vehicles
Pluug-in hybrid-eleectric vehicless
1
Data takeen from [0-0].
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A.2.3. Hybrid electric vehicle sales taken directly from (Gohlke, 2019) and (Light Duty, 2019)
During May 2018, 31,918 hybrid electric vehicles (23,041 cars and 8,877 light trucks) were sold in the United
States, down 5.4% over the sales in May 2017. Toyota accounted for 53.0% share of total hybrid electric vehicles
sales in this month. Prius (Prius C, Prius V and Prius Liftback in total) accounted for 18.0% (5,748 vehicles) of
total hybrid electric vehicle sales, down 29.2% from May 2017. The May 2018 hybrid electric vehicle sales share
of light-duty vehicle (<= 10,000 lbs. GVW) sales was 2.01%, while May 2018 hybrid electric vehicle cars captured
4.59% share of total car sales.
A.2.4. Hydrogen fuel cell electric vehicle sales
There were 102 Toyota Mirai, 30 Honda Clarity and 19 Hyundai Tucson sold in the United States in May 2018.
Data and verbiage is taken directly from (Gohlke, 2019) and (Light Duty, 2019), where verbiage is modified for
clarity and easier reading including definition of some terms left undefined in the cited reference
A.3.4. Light duty Vehicle Sales
Total 1,590,729 light duty vehicles (502,240 cars and 1,088,489 light trucks) were sold in the United States during
May 2018, up 4.7% from the sales in May 2017. Light trucks continued to outsell cars in this month, 68.4% to
31.6%. Data and verbiage is taken directly from (Gohlke, 2019) and (Light Duty, 2019), where verbiage is
modified for clarity and easier reading including definition of some terms left undefined in the cited reference
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