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Can America’s Power Plants Support Electric Vehicles?

Will electric cars completely replace internal-combus-
tion vehicles anytime soon? Are electric vehicles, 

whether rail or highway vehicles, truly cleaner, especially 
in states where most electric power comes from burning 
fossil fuels? Does the United States electric grid have the 
capacity to power the nation’s automotive fleet? A detailed 
look at America’s energy budgets and electrical power sup-
ply systems will help answer questions like these.

Today’s Electrical Grid
The Department of Energy’s Monthly Energy Review shows 
that the leading source of electricity in the United States 
is natural gas, which produced 40 percent of the nation’s 
electricity in 2020, while coal produced 19 percent. This is 
a turnaround from just 15 years ago, when coal produced 
half of our electricity and natural gas just 19 percent. Some 
people blame coal’s decline on the Obama administration’s 
hostility to fossil fuels, but much of the credit is due to the 
development and widespread use of hydraulic fracturing 
and the low-cost natural gases it produced.

Both natural gas and coal emit greenhouse gases when 
they are burned to produce electrical power, but coal 
produces more than 2.5 times as many grams of carbon 
dioxide per unit of electricity as natural gas. From 2005 
to 2020, electricity-related greenhouse gas emissions de-
clined by 40 percent, and more than 90 percent of this 
decline was due to the transition from coal to natural gas. 

The other major change has been a growth of wind 
power, which went from 0 percent of electricity (technical-
ly, 0.4 percent) in 2005 to 8 percent in 2020. Solar power 
also grew but was only 2 percent in 2020. Nuclear power 
has held steady at around 20 percent of total electricity 
since 1990. Hydropower declined from a high of 16 per-
cent in 1974 to 7 percent in 2000 and has been around 7 
percent since then. 

The major goal of the Kyoto Protocol, which the U.S. 
refused to sign, was to reduce greenhouse gas emissions 
to at least 5 percent below 1990 levels. The United States 
achieved this in 2020, partly due to the pandemic but also 
to the transition from coal to natural gas. In 1990, the 

U.S. emitted 5.0 billion metric tons of carbon dioxide, 
rising to more than 6.0 billion in 2007. But by 2020, it 
emitted less than 4.6 billion tons, 9 percent less than 1990 
levels. Even 2019 emissions were only 2 percent more than 
in 1990, and 14 percent less than 2007, so the country 
probably would have achieved the Kyoto goal in 2021 or 
2022 even without the pandemic.

A natural gas power plant in South Carolina. Photo courtesy of the 
American Public Power Association.

In the electricity sector, carbon dioxide emissions de-
clined from more than 1.8 billion metric tons in 1990 to 
1.6 billion 2019 and less than 1.5 billion in 2020. This 
and a decline in use of coal by industry are the main fac-
tors responsible for the reduction in emissions. 

As of 2019, the United States still produces more than 
900 pounds of carbon dioxide per megawatt-hour of elec-
tricity production. This varies tremendously by state, rang-
ing from just 6 pounds in Vermont to more than 2,000 
pounds in Wyoming. This means that electric cars save 
most of the greenhouse gas emissions that would come 
from gasoline-powered vehicles in Vermont, but those 
same electric cars effectively emit more greenhouse gases 
than internal-combustion vehicles in Wyoming.

Electric cars on the market today use between 24 and 
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50 kilowatt-hours per hundred miles of driving. People 
who want to reduce their carbon footprints can choose 
between a fuel-efficient car such as a Toyota Prius or a 
Hyundai Ioniq or an electric car such as a Tesla or a Nissan 
Leaf. A Tesla model S standard range car effectively emits 
fewer greenhouse gases than an Ioniq in 40 states but more 
in the other ten. However, a Tesla model X performance 
model does better than an Ioniq in only 19 states. 

Residents of Hawaii, Indiana, Kentucky, Missouri, 
North Dakota, Utah, West Virginia, Wyoming, and the 
District of Columbia want to reduce greenhouse gas emis-
sions should always choose a high-mpg gasoline vehicle 
over an electric car. Electric vehicles would always reduce 
emissions more in California, Connecticut, Idaho, Maine, 
New Hampshire, New Jersey, New York, South Carolina, 
South Dakota, and Vermont. 

In the other states, it depends on which vehicles are 
being considered. If you are interested, download this 
spreadsheet and compare emissions for gasoline-powered 
vehicles with those of electric-powered vehicles by state.

The point is that electric vehicles aren’t necessarily 
the best solution so long as much of our electrical power 
comes from burning fossil fuels. What will it take to make 
that change?

The Future of Renewables
According to the Department of Energy’s latest monthly 
energy report, the country used just over 100 quadrillion 
British thermal units (BTUs) of energy in 2019, 80 percent 
of which came from burning fossil fuels, 11 percent from 
renewables, and 8 percent from nuclear power. About 28 
percent of that energy was used for transportation, with 21 
percent going to residential uses, 18 percent for commer-
cial, and 33 percent for industry.

The Department of Energy’s chart showing where U.S. energy came from 
and how it was used. Note that 65 percent of the energy used for electric-
ity was lost in generation, distribution, and transmission. Click here for 
a PDF of this chart with detailed notes.

About 37 percent of the nation’s energy went into the 
production of electricity. However, due to losses in gen-

eration and distribution of that electricity, only about a 
third of that energy, a little less than 13 quadrillion BTUs, 
was actually delivered to electric customers. This means 
end-users of all forms of energy used only 76 quadrillion 
BTUs, while the other 24 quadrillion were lost in genera-
tion and transmission of electricity. 

Internal combustion engines also lose much of their 
energy in the form of heat. A typical gasoline engine loses 
about two-thirds of the energy of the gasoline it burns as 
heat, while Diesels can be a little more efficient. While 
electric motors lose much less energy as heat, the power 
plants that supply electricity to those motors lose about 
the same amount as internal combustion engines.

This is relevant because the Department of Energy’s 
annual Transportation Energy Data Book used to count the 
generation and distribution losses when calculating the en-
ergy used by electric-powered transportation but stopped 
doing so in 2017. Since both internal combustion engines 
and the electrical lose about two-thirds of their energy, 
counting the losses from one but not the other biases the 
analysis in favor of electric-powered transportation. When 
electric power is generated by burning fossil fuels, it is nec-
essary to take those losses into account when comparing 
electric vehicles with petroleum-powered vehicles.

Renewable power advocates would like to convert the 
entire electrical system to renewables. Purists don’t con-
sider hydroelectric power to be renewable because of the 
damage it does to ecosystems and fish, and in any case, 
there aren’t a lot of opportunities for building new hydro-
power facilities. That leaves wind, solar, and geothermal.

Wind and solar have problems with both efficien-
cy and reliability. Because it isn’t windy all of the time, 
wind power is considered to be only about 33 percent ef-
ficient. As of the end of 2020, the United States had in-
stalled enough wind power to produce 122 gigawatts of 
electricity (some of which was installed during the year). 
If those windmills were producing electricity 24 hours a 
day, 365 days of the year, they would have produced 1,073 
terawatt-hours of power. In fact, they only produced 337 
terawatt-hours, making them about 33 percent efficient.

Wind farms can produce electricity 24 hours a day, but they are capital 
and land intensive. Photo by Z22.

Solar power is even more inefficient. A solar panel ca-

https://fueleconomy.gov/feg/PowerSearch.do?action=noform&path=1&year1=2020&year2=2021&vtype=Electric&pageno=1&rowLimit=200&sortBy=Comb&tabView=0&tabView=0
https://ti.org/docs/EVvsGasinGramsCO2/mile.xlsx
https://www.eia.gov/totalenergy/data/monthly/pdf/mer.pdf
https://www.eia.gov/totalenergy/data/monthly/pdf/mer.pdf
https://ti.org/pdfs/css_2019_energy.pdf
https://en.wikipedia.org/wiki/Engine_efficiency
https://en.wikipedia.org/wiki/Engine_efficiency
https://commons.wikimedia.org/wiki/File:Alta_Wind_Energy_Center_from_Oak_Creek_Road.jpg


pable of producing one kilowatt of power will only pro-
duce, over an average 24-hour period, about 3 to 5 kilo-
watts per day. In Seattle or Portland, such solar panels are 
only about 12 percent efficient; in Arizona, they might be 
20 percent efficient; the rest of the 48 contiguous states are 
somewhere between.

Solar energy is not as land intensive as wind farms, but their environ-
mental impacts may be greater. Photo by Jeffrey Beall.

Reliability is a separate problem. If inefficiency were 
the only issue, it could be overcome by installing three 
times as many wind generators or five to eight times as 
many solar cells as their capacity ratings. But no matter 
how many are installed, solar cells are not going to gener-
ate any electricity at night. Similarly, most places are wind-
ier in some seasons of the year than others. 

To deal with this reliability issue, power companies 
that use wind power typically have a natural gas power-
plant as backup. When the wind dies down, they increase 
the electricity production of the gas-powered plant.

Renewable purists say that a backup gas power plant 
isn’t necessary. However, their alternative is to build even 
more wind and solar facilities as backups for each other. 
Wind power currently produces about one-fourteenth of 
the nation’s electricity, but to supply current U.S. demands 
for electricity through wind power alone, the nation would 
need to install about 30 times as much wind capacity as it 
already has.

Converting the entire grid to wind and solar power 
would be a massive undertaking, partly because the capi-
tal costs of wind and solar power are roughly double, per 
kilowatt of capacity, than for natural gas. Since the fuel 
costs are lower, the long-term costs may appear to work 
out about the same or even in favor of renewables. How-
ever, wind turbines appear to last no more than about 20 
years and are costly to decommission, a cost that is often 
ignored in comparisons of wind vs. other forms of power.

The Cost of Electrifying Transportation
If the problem of converting to renewable sources of elec-
tricity is formidable, it becomes much worse when con-
templating electric-powered transportation. While Amer-
ican electricity consumption hasn’t grown since 2005, 
electrifying transportation would greatly increase demand 

as transportation uses more than twice as much energy as 
is supplied by all of the electric power plants in the coun-
try. 

Not all transportation can or should be electrified. In 
particular, most air travel can’t be electrified with current 
technologies while rail freight uses so little energy that it 
should be the last priority for electrification.

While some companies, including Airbus, are con-
sidering electric aircraft, these are mainly for short-haul 
flights. The heavy weight of batteries means the aircraft 
industry is more likely to introduce supersonic airliners for 
cross-country travel before it can produce electric airliners 
capable of long flights.

The railroads, meanwhile, manage to ship almost as 
much freight as trucks each year at less than a tenth of the 
energy cost. If you believe the Department of Transporta-
tion’s estimates of ton-miles, the energy cost per ton-mile 
of trucks is ten times the cost of shipping by rail—and I 
suspect DOT estimates of truck ton-miles are high, which 
would make the difference even greater. Although some ar-
gue that all railroads should be electrified, the railroads use 
so little fuel to move trillions of ton-miles of freight that 
electrification isn’t going to make much difference and the 
cost of installing wires or other transmission facilities will 
be much higher than merely adding batteries to trucks. 

That leaves highway traffic as the most suited for elec-
trification. Automobiles use about 57 percent of transpor-
tation’s 28 quadrillion BTUs of energy and truck use an-
other 20 percent. Converting all of these to electric power 
would require 6.4 terawatt-hours of electrical generation 
per year, which is around 60 percent more than the entire 
electrical grid produces today. 

Renewables, using the purist definition—wind, solar, 
geothermal, and biofuels—currently produce less than 10 
percent of the nation’s electricity. Increasing renewables 
enough to replace all other sources of electricity and to 
power highway transportation, with enough extra capacity 
to take care of reliability problems, would require roughly 
a 5,000 percent increase in renewable’s capacity. 

Wind turbines must be spaced well apart from one 
another so that the turbulence from one doesn’t affect the 
power generated by another. One rule of thumb is that 
windfarms require about 87 acres per megawatt. If that’s 
true, using wind power to replace all existing electrical 
generation plus enough to electrify highway transport, 
with redundancies to account for efficiency and reliability 
problems, would require more than 5 billion acres. This is 
more than two-and-a-half times the land area of the con-
tiguous 48 states, so clearly isn’t going to happen.

Solar is not as land intensive as wind but still can use 
a lot of land. A 2013 report from the National Renewable 
Energy Laboratory estimated that major solar projects at 
that time required 7.7 acres per megawatt. Assuming an 
average efficiency of 18 percent—midway between Seat-
tle’s 12 percent and Arizona’s 20 percent—then one acre 
can deliver 182 megawatt-hours per year. 
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At that rate, 57 million acres could provide the na-
tion’s electricity needs and power highway transportation. 
While that’s not a lot of land compared with the nation’s 
total land supply, merely doubling the number of acres is 
not going to make up for the fact that solar only works 
during daylight hours. It may be possible that a combina-
tion of wind and solar power could provide the energy we 
need, but the cost would be high.

The capital cost per kilowatt-hour of wind and solar 
is about twice as great as for natural gas power plants, run-
ning around $2,000 per kilowatt-hour for wind and so-
lar vs. $1,000 per kilowatt-hour for natural gas. Building 
enough wind turbines and solar farms to completely re-
place fossil fuel sources of electricity and produce enough 
additional electricity to power all highway transport would 
cost roughly $20 trillion dollars. 

Both solar and wind power have their own environ-
mental impacts, of course. Solar has minimal impacts if 
place on rooftops, but many urban roofs are shaded much 
of the day by trees or other buildings. Large solar instal-
lations in rural areas disrupt ecosystems and plant growth 
that could be sequestering carbon. Wind turbines are 
known to kill many birds, especially raptors. Turning the 
entire United States into a windfarm could greatly disturb 
many migratory bird routes. Given these environmental 
costs and the high capital costs, a rush to convert all trans-
portation to use renewable electric power doesn’t seem fea-
sible or realistic. 

Take It Slow
People who believe that the earth’s climate is about to reach 
a tipping point that will make the planet uninhabitable if 

we don’t immediately stop emitting greenhouse gases will 
no doubt think that $20 trillion plus a few million birds 
is a small price to pay for ending carbon emissions. But 
apparently the Biden administration doesn’t think that, as 
it included very little money for renewable energy in its 
recent infrastructure plan. The authors of the Green New 
Deal apparently don’t believe that either. Their program 
“wasn’t originally a climate thing at all,” one of them said. 
“We really think of it as a how-do-you-change-the-entire-
economy thing.”

Biden’s plan did include $174 billion to support elec-
tric vehicle manufacturers, which seems unnecessary as 
some people have predicted that, without any additional 
subsidies, 95 percent of vehicles will be electric by 2030. 
However, that seems optimistic considering we don’t have 
the electric power capacity to support such a transition, 
much less a renewable electric power capacity, which 
means that Biden’s subsidies could cause more problems 
than they solve. 

A more reasonable expectation is that most remaining 
coal plants are soon replaced by natural gas plants, which 
will allow total carbon emissions to continue to decline. 
Wind and solar power can be added as new technologies 
reduce their costs. People who live in states that get most 
of their electricity from non-fossil-fuel sources should con-
sider buying electric, or at least a plug-in hybrid, the next 
time they purchase a car. 

Randal O’Toole, the Antiplanner, is a land-use and 
transportation policy analyst and author of The Best-Laid 
Plans: How Government Planning Harms Your Quality of 
Life, Your Pocketbook, and Your Future. Masthead photo is 
by Ian D. Keating.
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