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Abstract

Widespread adoption of plug-in electric 
vehicles (PEVs) may substantially 
reduce emissions of greenhouse gases 
while improving regional air quality, 
increasing energy security, and taking 
advantage of inexpensive solar power.  
However, outcomes depend heavily 
on the electricity generation process, 
power plant locations, and vehicle use 
decisions.  This research analyzes the air 
quality and associated health impacts 
of vehicle production and use when 
powered by electricity or by internal 
combustion engine.  In particular, Texans’ 
exposure to emissions under different 
vehicle adoption scenarios has been 
computed and monetized. This study 
reveals to what extent PEVs are more 
environmentally friendly, for most 
pollutant species, than conventional 
passenger cars in Texas, after recognizing 
the emissions and overall energy 
impact of battery provision and other 
manufacturing processes. Results 
indicate that PEVs on today’s grid can 

reduce GHGs, NOx, PM10, and CO in 
urban areas, but generate significantly 
higher emissions of SO2 than existing 
light-duty vehicles. Use of coal for 
electricity production is a primary 
concern for PEV growth, but energy 
security benefits of electrified 
vehicle-miles endure.

There is substantial uncertainty in 
estimating the human health impacts of 
a shift to electrified miles.  This essay will 
address the range of plausible regulatory 
scenarios and incorporate a range of 
monetization estimates to offer a robust 
picture of the tradeoffs involved.  As 
conventional vehicle emissions rates 
improve, it appears that the power 
grids must follow suit (by improving 
emissions technologies and/or 
shifting toward cleaner generation 
sources) to compete on an emissions-
monetized basis with PEVs in many 
locations. Moreover, while PEV pollution 
impacts may shift to more remote 
(power-plant) locations, dense urban 
populations remain most strongly 
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affected by local power plant emissions 
in many Texas locations. 

Introduction

Regional air quality is a significant 
environmental and public health 
concern, both in large metropolitan 
regions in Texas and elsewhere.  At the 
end of 2004, twenty-three Texas counties 
were in non-attainment for ozone.1  
Among the chief contributors to air 
pollution are the emissions associated 
with personal vehicle transportation.  
In light of these challenges, many new 
emissions reduction technologies and 
strategies are worth a look.  Electric 
vehicles are one such idea: they can 
completely eliminate tailpipe emissions 
while integrating easily with existing 
infrastructure without disrupting 
existing travel patterns.

Despite occasional claims that electric 
vehicles (EVs) are “zero-emissions,” almost 
any method of electricity production 
involves environmental externalities of 
some sort.2 However, different electric 
generation processes can have widely 
varying emissions profiles, and the 
important consideration to draw from 

this is how the emissions associated 
with charging for a given trip compare 
to the emissions that result from driving 
a conventional vehicle instead.  Ideally, 
clean technologies like wind and solar 
energy could power most EV trips, 
resulting in minimal environmental 
impacts.  However, the energy required 
to power the entire private vehicle fleet 
of a major metropolitan area makes this 
infeasible due to the extremely high 
demand density of any large population 
base.  Nuclear power offers substantial 
energy with minimal airborne emissions 
of CO2 or regulated air quality pollutants, 
but is often criticized because of 
safety considerations.  The drawbacks 
to nuclear power occasionally make 
headlines, as in the Fukushima disaster 
in 2011.3 

More often, electricity generation 
involves the combustion of fossil fuels, 
usually coal or natural gas.  These are 
currently among the cheapest and 
most reliable fuel sources; they are 
also associated with high emissions, 
especially of CO2 and SO2.
 
Power Plant Location

One potential advantage of vehicle 
electrification is the possibility of 
dissociating miles of travel from their 
attendant air emissions.  Instead of 
concentrating smog and ozone along a 
congested roadway, electric power can 
displace these emissions to an outlying 
area, where there are fewer people to 
suffer the health effects of pollution.  
There may also be more plant life 
available in such areas to act as “carbon 
sinks” and to filter other pollutants from 
the air.  Of course, this can be interpreted 
as a negative of vehicle electrification, 
too: wealthy urban residents are 
separated from the environmental 
impacts of their travel decisions, while an 
impoverished rural community faces the 
bulk of health problems due to poor air 
quality.

Most electrical generating units 
(EGUs) in Texas (and many other 
jurisdictions) are located relatively close 
to major metropolitan areas.  This is not 
surprising: barring an exceptional cost 
or resource advantage, it makes little 
sense to locate them far from population 
centers and incur greater transmission 
losses.  In fact, this is especially true 
when speaking of coal and natural 
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gas as said sources.  The fuel stock can 
be transported virtually anywhere, 
and since much of this carriage is by 
truck, power plant location is not even 
constrained by the rail infrastructure.

Other power sources are more 
dependent on geography.  
Meteorological conditions in west 
Texas are well suited to generate more 
wind energy than the region needs, 
and it is often transmitted (subject to 
transmission capacity restraints) to the 
Dallas-Fort Worth area.4 This amounts to 
a significant proportion of the demand 
in Texas; wind accounted for 9.9 percent 
of total energy used in the ERCOT 
region in 2013.5 Wind energy does not 
involve emissions exporting so much as 
emissions elimination.  For the remainder 
of the electric power demanded by 
Dallas/ Fort Worth, Houston, Austin, and 
San Antonio, it makes the most sense 
economically to build a “conventional” 
(coal or natural-gas fired) power plant 
near the urban area in question.

Vehicle Use Decisions

Travel activity modeling is an extensive 
field of research within transportation.  
The key question as we contemplate 
vehicle electrification is whether driver 
behavior will change substantially as 
a result of EV adoption.  As mentioned 
above, electrification helps to 
separate individual drivers from the 
environmental impacts of their vehicle 
use, and this may motivate them to drive 
more, either because they are no longer 
aware of the air quality impacts of their 
decisions or because they are confident 
that their electric vehicle has already 
saved so much energy that they can 
freely spend this surplus on additional 
driving.6 

There is also the issue of range anxiety.  
A driver in a gasoline-powered car 

has a good idea of the relatively long 
distances she can cover with a single 
tank of gas.  If she wishes to prolong 
her trip, it is quick and easy to pull in to 
a gas station and refill the tank.  This is 
emphatically not the case with electric 
vehicles: a fully charged vehicle can 
generally travel a maximum of about 
100 to 240 miles before requiring 
several hours at a charging station, 
even in the most optimistic and high-
performance scenario.7 Less expensive 
EVs have significantly shorter ranges.  
This imposes a serious restraint on the 
number and length of trips that are 
possible in an electric vehicle.  While 
this is not a problem for many 
commuters under ordinary conditions, it 
may have implications for trip chaining 
or longer trips.8

Coal as a Concern

The question lingering over this 
discussion of vehicle adoption scenarios 
is what the emissions profile associated 
with electric power generation is likely 
to be.  Coal is an especially troublesome 
source of vehicle power.  Michalek et al. 
and Nichols et al. express concerns about 
the overall environmental impacts of 
EVs, primarily because of high sulfur and 
greenhouse gas emissions associated 
with coal-fired electricity generation.9, 10

This is especially true of bituminous 
coal from eastern states.  Some coal in 

Ohio, Pennsylvania, and West Virginia, 
for example, has up to 10 percent 
sulfur content.11 The Texas electric grid 
is relatively clean in this respect: the 
state gets over 50 percent of its coal 
from Wyoming, where sulfur content 
is below 1 percent, and the remainder 
comes from in-state.12 However, the 
SO2 emissions from the current mix of 
generating fuels in Texas still largely 
undercuts the potential environmental 
benefits of EV use.  Without the threats 
to human health posed by sulfur in coal, 
EVs are clearly superior in monetized 
terms.

Energy Security

One positive aspect of vehicle 
electrification, even under the most 
polluting scenarios, is energy security.  
While the US remains a net importer of 
crude oil, coal is cheap and plentiful.  
Natural gas has also become a significant 
domestic product due to hydraulic 
fracturing (fracking) and other recovery 
technologies.13 

The simple availability of these 
domestic feedstocks, those not subject 
to geopolitical disruptions elsewhere 
in the world, is a significant potential 
benefit.  This increased energy security 
alone could, it may be argued, have 
a beneficial environmental impact 
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because the US would be free to focus 
on air quality issues without being 
dependent upon rogue states for oil 
imports.  In addition, as Michalek et al. 
points out, the effect of monopsony 
would work in favor of increased energy 
security: with a sufficiently large shift 
from foreign petroleum to domestic coal 
and natural gas, the US economy could 
noticeably affect global demand for oil.  
This would lower oil prices and reduce 
the geopolitical leverage that constrains 
all dealings with and among petroleum 
producers and consumers.

Plausible Regulatory Scenarios

Electric vehicles, on balance, may be 
a wise investment regardless of their 
exact environmental impacts.  However, 
if EVs are widely adopted, the choice of 
fuel sources that ultimately power them 
will have a significant impact on future 
air quality.  As it stands, conventional 

vehicles sold today produce extremely 
low emissions by historical standards.  In 
light of this excellent progress, electricity 
generation will have to achieve 
substantial emissions improvements as 
well in order to compete with gasoline 
as an environmentally responsible fuel 
source.  Electric power has gotten much 
cleaner in recent decades, starting with 
the Clean Air Act and continuing to 
recent developments.  The Clean Air 
Interstate Rule is projected to cut sulfur 
emissions in Texas by 39 percent.14 And 
in June 2014, President Obama proposed 
the new “carbon rule,” which the EPA 
predicts will reduce SO2 emissions by 
27 percent and NOx emissions by 22 
percent.15 

If these estimates are accurate, they 
imply a 55 percent reduction in sulfur 
emissions across the Texas electrical 
grid, and hence from electrified vehicle 
miles in Texas.  On the other hand, critics 

have questioned whether the carbon 
rule will have such a dramatic effect on 
criteria pollutants, especially since they 
are not the primary regulatory objective 
of the new rule.  There has also been 
some uncertainty regarding whether the 
carbon rule would be enforced, but it has 
survived court challenges so far.

Policy Implications

It is clear that power plants must 
improve their emissions profiles to 
remain competitive with internal 
combustion engines, especially 
with respect to SO2 and greenhouse 
gases.  Michalek et al. suggest that 
electric vehicles have the potential to 
significantly reduce or significantly 
increase environmental externalities, 
depending upon the circumstances of 
electricity production that power EV 
miles.  Indeed, Nichols et al. estimate 
that monetized SO2 externalities alone 
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account for as much as two-thirds of the 
operating emissions of electric vehicles 
on the current Texas grid. 

With emissions rates of other pollutants 
held constant, Texas EGUs would need 
to cut SO2 emissions approximately 55 
percent in order to break even with the 
monetized impacts of current gasoline-
powered vehicles.  In fact, any break-
even scenario depends heavily upon SO2 
reductions, since it accounts for such a 
large proportion of EV externalities, and 
because sulfur emissions from gasoline 
engines have dropped so dramatically.  
The EPA’s recent Tier 3 rules propose 
further reducing sulfur emissions by 
two-thirds, from levels that are already 
down approximately 75 percent from ten 
years ago.16 

Without these changes in electric 
generation, vehicle electrification could 
do more harm than good.  However, 
emissions reductions of this magnitude 
are entirely realistic: if the cumulative 
effects of the Clean Air Interstate Rule 
and the carbon rule are similar to 
current EPA projections, then EVs will 
rival gasoline-powered passenger cars 
in terms of monetized emissions.  If, in 
addition, Texas expands its use of wind 
energy and natural gas, EVs will possess 
a clear advantage.  In this case, the 
scale of environmental benefit will be 
proportional to EV adoption rates in the 
state.

Conclusion

The American Housing Survey for 2009 
reported that 17 percent of residences 
are located near major transportation 
infrastructure: an airport, railroad, 
or highway with 4 or more lanes.  Of 
these facilities, highways represent 
the overwhelming majority.  This 
suggests that nearly 4 million Texans 
are subject to close-range tailpipe 

emissions from internal combustion 
engines in their homes, and are 
therefore at risk for significant adverse 
health effects.  Reallocating these 
emissions to the electric generation 
sector of the economy, because of the 
location of electric generating units, 
would generally displace emissions 
to residents in the same metropolitan 
areas.  Overall exposure could then be 
reduced if electricity can be generated 
more cleanly than current gasoline 
engines.  Otherwise, exposure is likely 
to increase unless EGUs are constructed 
farther from population centers. The 
costs associated with this relocation 
would be prohibitive.  In addition, the 
added health externalities forced upon 
rural populations, while relatively small 
on a monetized basis (due to low total 
population) could have a high per-
capita severity, which may be deemed 
unacceptable in terms of social and 
environmental justice.
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