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Electric Vehicles by Gary A. Bishop

Are Electric Vehicles a
Panacea for Reducing
Ozone Precursor
Emissions?

As electric vehicles begin to enter the market
in increasing numbers, the author asks what
vehicles are they most likely to displace in
evaluating their ability to have a meaningful
impact in reducing ozone precursor emissions
across the United States?
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During the past three decades emissions from on-road
vehicles have been reduced dramatically.> With the intro-
duction of new vehicles that have met increasingly stringent
emissions standards, reductions of 80%-90% in carbon
monoxide (CO) and hydrocarbon (HC) emissions have been
achieved, while oxides of nitrogen (NO,) emissions have been
cut by more than half. These reductions have enabled all
areas of the country to meet the U.S. National Ambient Air
Quality Standards (NAAQS) for CO and nitrogen dioxide.
However, ozone, which is a secondary product formed in the
atmosphere from the reaction of HC and NO, emissions, still
exceeds the standard in many areas of the country.?

The continuing difficulty in meeting the NAAQS for ozone,
combined with the large reductions in vehicle emissions
that has already occurred, has led some state authorities to
look at electrification of the vehicle fleet as a way to further
reduce vehicle tailpipe emissions. For example, the Denver
metro area was recently reclassified from a moderate to a
serious ozone non-attainment area and the Governor of
Colorado has publicly touted electric cars as one way the
state plans to meet the ozone NAAQS by 2021.# This is
an easy sell to the public because the idea of replacing an
internal combustion engine with a “zero-emitting” vehicle
seems a simple slam dunk for quickly reducing all tailpipe
emissions, not just carbon dioxide (CO,) emissions. How-
ever, careful analysis of current fleet emission distributions
leads to predictions of significantly lower reductions from
this strategy in the near term.

Fuel Efficiency Automobile Tests
The University of Denver has been remotely collecting
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fuel-specific emission measurements from passing vehicles
at locations across the United States since the late 1980s.
Using absorption spectroscopy our Fuel Efficiency Auto-
mobile Test (http://www.feat.biochem.du.edu) units measure
tailpipe emitted pollutants as molar ratios to CO,, which can
be easily converted into grams of pollutant/kilogram of fuel
consumed knowing the carbon fraction of the fuel.> One of
the most significant results of this work has been to highlight
the importance of the vehicle fleet’s emission distribution to
total emissions.

Vehicle emissions are not normally distributed—where the
median vehicle in the fleet is close to also representing the
mean emission vehicle—but are highly skewed, where a
small number of vehicles are responsible for a disproportion-
ate share of the total. In today’s on-road fleets, it is common
to find that the highest emitting 1% of the fleet is responsi-
ble for more than a third of the CO and HC emissions, and
a quarter of the NO, emissions. In these distributions one
finds that the most common vehicle (the median) has emis-
sions that are factors of 2 to 10 lower than the mean. This
results from the fact that the majority of vehicles in the cur-
rent U.S. fleet (60% or more, depending on the pollutant)
today have near-zero tailpipe emissions.

Emissions Percent Contributions

Figure 1 contains three graphs that detail the emissions
percent contributions by fuel and vehicle type versus model-
year for CO (top), HC (middle), and NO, (bottom) emissions
using data all collected in 2018 in Denver (January),
Chicago (September), and Los Angeles (May). For these
graphs, gasoline trucks, as classified for emission purposes
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Be a part of the premier conference on measurements technology.

One of our most popular specialty conferences, the Air
Quality Measurement Methods and Technology
Conference returns in 2020 with its extensive coverage of
all aspects of air measurement methodologies including
associated quality assurance protocols and how to use and
interpret data.

Sessions will focus on current hot topics including
emerging contaminants such as PFAS, low-cost sensors,
next generation emissions monitoring (NGEM), and
airborne measurements to assess impacts from wildfires.

This conference features a vendor exhibit with 30 booths,
courses, a reception, and plenty of networking
opportunities.

Call for Abstracts open through May 4. Submit
abstracts of 200-400 words to measurements@awma.org.

Topics include, but are not limited to:

« Air monitoring

» Fenceline monitoring

« Toxic air containment (TAC) measurements

« Low-cost sensors

« Next generation emissions monitoring (NGEM)
- Remote sensing of greenhouse gases

+ Mobile monitoring platforms

Sponsorship and exhibit opportunities are available at
various levels. Reserve your spot now, this exhibit sells
out quickly.

Find the full Call for Abstracts and conference details at www.awma.org/measurements.
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Figure 1. Percent emissions contribution by fuel and vehicle
type (left y-axis) for CO in Denver (top), HC in Chicago (middle),
and NO, emissions in West Los Angeles (bottom) versus model-

year data collected in 2018.

Notes: The fleet percent (dashed line) is plotted on the right y-axis. Each city’s
median model-year vehicle is the open circle. The percent of the total of each
fleet 2009 and newer model-year vehicles is given and its contribution to the
total emissions.

by the U.S. Environmental Protection Agency (EPA), include
vans, sport utility vehicles (SUVs), and light- and medium-duty
trucks (weight classes 1-6). The fuel-specific percent contribu-
tion (left axis) of the fleet total is the product of each model-
year’s mean emissions and its fleet percent representation
(right axis) divided by the total. The median model-year for
each data set is plotted as an open circle and the minimum in
fleet percentage seen in 2009 is the result of the 2008 reces-
sion. Each species graph looks substantially similar regardless
of location used.® We have chosen to show a different species
for each city to emphasize that this is a not just a characteristic
of a single area of the country but reflects the entire U.S. fleet.
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E: g 7% of CO L 2 (9.2 years old) and the largest truck
ooo g 4 L4 "..é (69%) and diesel fractions (3.4%),
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8 ~ of the country, the emissions behavior
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% 5 _ -lci}lisetp ;:ig:fte ' r % Emission Vehicle (LEV) Il standards for
ob % 27 O Median MY -2 tailpipe emissions. These vehicles have
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0= 0 sions for CO, HC, and NO, and the
8 West Los Angeles I’ *| I ability to maintain those low emissions
. .5 112009 & Newer ’: || < for many years.® This Is reflected in the
S S 6 [61% of Fleet P annotations for each city that details
L—E 'é’ 1]10.5% of NO vl 6 ST the fraction of the fleet represented
© = '| - by these 2009 and newer vehicles and
%0 8 4 ! __4 éu their contribution to the total emissions.
o= 1 ' 4] For CO and NO,, the overwhelming
z 3 24 B majority of the emissions are con-
o0 E | -2 tributed by a minority of the fleet that
I is older than these 2009 and newer
0 ' ! ' ' ' -0 model-year vehicles. HC is the one ex-
1981 1986 1991 1996 2001 2006 2011 2016 ception; however, keep in mind that
Model Year these graphs are the percent of the
total emissions generated by the ob-

served fleet. Successful reductions in
HC emissions have extended to vehi-
cles significantly older than the 2009
model-year vehicles and we now gen-
erally find that HC emissions do not in-
crease with age until after the first 20
model years that have the same near-
zero emissions.? This results in the
emissions contribution trend closely fol-
lowing the fleet percentage trend as
seen in the middle graph.

As emissions have decreased, dramatic changes in the fleet
makeup have occurred as well. U.S. vehicle fleets have histori-
cally been dominated by passenger vehicles with trucks being
largely composed of pickups. With the popularity of vans and
all sizes of sport utility vehicles the in-use truck fleet, as classi-
fied by EPA emissions certification standards, has steadily
grown to where today trucks are typically the dominant type
found. This is often also reflected in the emission contributions
breakdown, as shown in Figure 1, where trucks (gas and
diesel) account for 59% of the total CO in Denver, 47% of the
HC in Chicago, and 58% of the total NO, in West Los Angeles.
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The Future for Electric Vehicles? disproportionally owned by individuals where the purchase
As electric vehicles begin to enter the fleets in increasing price of an electric vehicle will be a significant hurdle. This
number, one needs to ask what vehicles are they most likely presents a major problem for reducing ozone precursor

to displace in evaluating their ability to have a meaningful emissions from the current fleet as the vehicles most likely
impact in reducing ozone precursor emissions across the to be replaced are already a near-zero emissions vehicle.
United States? Vehicle replacement left on its own will

generally follow the fleet's age distribution, meaning the Of course, Tier [I/LEV Il vehicles will continue to move down
most likely vehicle replaced is the most common one in the replacement chain and provided they can continue to
the fleet or a near-zero emissions median-aged vehicle. maintain their low emissions breakage rate, emissions will
However, the median vehicle in many markets is a truck continue to slowly decrease. Without a concerted effort to
or SUV and there are currently few all-electric choices for target the replacement of older vehicles with an all-electric
these types of vehicles, though many more are promised vehicle, it will likely require replacement of a majority of the
in the future. current fleet before realizing any significant emissions

reduction. It is unfortunate, but unlikely, that municipalities
Economic considerations involved in the purchase of electric can expect significant reduction in ozone precursor emis-
vehicles likely works against even a median-aged vehicle sions from electric vehicle adoption to help with their ozone
being replaced as older higher emitting vehicles will be problems in the near future. em

Gary A. Bishop is with the University of Denver, Department of Chemistry and Biochemistry, Denver, CO.
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New Source Review (NSR) Workshop

September 1-2, 2020 - Atlanta, GA

Based on the newly updated 2019 NSR Manual

Learn the Latest on the Application of PSD Rules, New Sources, and Nonattainment Area NSR

Now rescheduled for September 1-2, 2020 e R S,

Using the new A&WMA 2019 NSR Manual as foundation, this workshop will provide  experts! Workshop presenters include
attendees with a working knowledge of New Source Review rules and how to apply  authors of the Manual:

them, as well as cover EPA's recent changes and memoranda on Applicability, Project . john Evans, Senior Environmental
Emissions Accounting, Common Control and Once in, Always in. Consultant, RTP

Workshop sessions will cover the following topics:  (Ee Rl e Jordan sl iy

- Gale Hoffnagle, Senior Vice President
+ History and Program Implementation and Technical Director, TRC

« PSD Applicability (case studies, netting, calculating emissions increases)
+ BACT (top-down process, modifications, examples)

- PSD Air Quality Analysis (increments, baseline dates, modeling) Held at the Doubletree Hilton Atlanta Airport
» Nonattainment Area NSR (thresholds, LAER, alternative analysis)

- Emissions Offsets (applicability, offsets vs. netting, emission banks)
« Permit Appeals, Review and Enforcement

» Next Generation Reforms

« Dave Jordan, Partner, ERM

Order the updated NSR Manual before the Workshop to get started!

Register and find the agenda online at www.awma.org/NSRworkshop.
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