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Usiﬁg the Law of Large Proportions to Savc Energy_

mericans drove more miles in 2019 than the previous

year but used less energy to do so, according to data
released by the Department of Energy last week. This isn't
a new trend: American energy consumption for highway
passenger vehicles has declined 12 percent since 2007 de-
spite the fact that we are driving 7 percent more miles.

The data were published in edition 39 of the Transpor-
tation Energy Data Book, which has information all modes
of transportation, often going back to 1970. The data in
the book show that not only is our energy consumption
for transportation declining, the carbon footprint of mo-
tor vehicles is also falling, which helped the United States
reduce total greenhouse gas emissions by 13 percent since
2005. The book also has information about petroleum
production, auto ownership, toxic air pollution, and other
energy- and transportation-related topics.

Most of these data are in tables that I'll identify in pa-
rentheses throughout this policy brief. For example, (2.14)
means chapter 2, table 14. The data can be downloaded
either in the form of a 455-page, 15-MB PDE as a 13-MB
Zip file containing Excel files, or as individual Excel files.

The Peak-Oil Scare

Remember peak oil? Back in 2005, anti-auto groups
sounded the alarm that world production of oil had either
peaked or was about to peak, and as a result, oil prices
would necessarily rise forever, which would complete-
ly change American lifestyles. Even analysts at Goldman
Sachs predicted that oil prices, which in 2005 were about
$50 a barrel, would soon reach $200 a barrel, pushing gas-
oline prices well above $6 a gallon.

Instead, oil prices never reached much more than
$100 a barrel, and then for only three years after the fi-
nancial crisis. After that, they fell to as low as $40 a bar-
rel, and since rose to about $60 a barrel (11.5). This was
because the peak oil scaremongers completely misread the
data about available oil supplies, ignoring both tar sands
oil and shale oil. Since 2005, the world’s proven reserves of
oil have increased by more than 30 percent (1.1) and oil
production has grown by 15 percent (1.3). U.S. oil pro-

duction has grown by almost 150 percent, thanks to new
technologies allowing access to shale oils that had been ig-
nored by the peak oil alarmists.

Hydraulic fracturing has made America almost energy independent.
Photo by James Wengler.

While there presumably is a firm limit on the amount
of petroleum in the ground, we aren’t likely to reach that
limit for another century or so. Peak oil was just another
misleading claim made to justify increased government
subsidies to transit and policies to discourage auto driving.
The Transportation Energy Data Book reveals that such sub-
sidies and policies won't save energy.

The data book also shows that the United States has
become almost completely energy independent from the
rest of the world. Net imports’ share of U.S. petroleum
consumption have declined from 60 percent in 2005 to
less than 3 percent in 2019 (1.6). We do import oil, but we
also export some plus we are net exporters of natural gas
(1.11). Becoming energy independent used to be a polit-
ical mantra, but it was achieved through private entrepre-
neurship, not public policy, and anti-hydraulic fracturing
policies would reduce that independence.

Automobile Fuel Economies

The most-effective way of saving the energy used in trans-
portation is to make the vehicles we use more energy-effi-
cient. Alternative fuels might help as well, but so far they
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haven’t made much of a dent in petroleum usage.

In 1970, the average car on the road in the United
States got 13.5 miles per gallon and the average light truck
got 10.0. Since then, light truck fuel economies have dou-
ble to 20.0 and cars more than doubled to 27.7 (4.1 and
4.2). American drive a lot more vehicles in the light-truck
category today than in 1970, but overall fuel economy has
grown from 13.0 to 23.2 miles per gallon (4.3).

Transportation Energy-Efficiency Trends
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Automobiles and airliners have increased their energy-efficiencies faster
than Amtrak and transit.

Family sizes have declined and with them so have the
average number of occupants in automobiles. Despite this
decline, the energy consumption per passenger mile has
dropped by 42 percent for cars and 48 percent for light
trucks since 1970. In 2018, the latest data available in this
edition of the data book, cars used an average of 2,840
British thermal units (BTUs) per passenger mile while
light trucks used 3,388 (2.14).

So far, electric and other alternative-fuel vehicles ha-
ven't had much of an impact. Americans buy about 17
million cars and light trucks per year (3.6). While elec-
trics are growing in number, less than a quarter million of
the vehicles sold were fully electric in 2018 and 2019, and
even fewer before that. Hybrids and plug-in hybrids are
more numerous, coming close to half a million in 2019
(6.2). Numbers of CNG, LPG, and other alternative fuels
are trivial (6.1).

Fully electric cars may one day become important but so far are still a
niche market. Photo by joenomias.

While electric vehicles may eventually dominate
American highways, policies aimed at reducing driving ap-

pear doomed to fail. One table shows that people who live
in really dense cities—10,000 to 25,000 people per square
mile, which means places like San Francisco or Chicago—
drive about 16 percent fewer miles than people who live in
low-density suburbs of 1,000 to 2,000 people per square
mile (9.15). Much of this difference may be due to self-se-
lection: people who want to drive less will choose to live in
San Francisco rather than San Ramon.

However, the same table also says that average driving
speeds in dense cities are lower than in low-density sub-
urbs: 16.7 miles per hour in the dense areas vs. 26.1 miles
per hour in the lower densities. Meanwhile, another table
says that driving slower uses more fuel: on average, vehicles
driven at 25 miles per hour get about 25 percent more
miles per gallon than vehicles driven at 15 miles per hour
(4.34). Thus, it is likely that people living in San Francisco
use as much or more fuel than people living in low-density
suburbs. So much for compact cities saving energy.
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Owning a car that is more than 20 years old is no longer as unusual as
it once was. Photo by dave_7.

Americans are saving energy on transportation in an-
other way: by keeping vehicles longer. In 1970, the aver-
age car on the road was less than 6 years old. Today it is
nearly 12 years old (3.13). Since it takes lots of energy to
manufacture vehicles, and some energy to dispose of them,
keeping cars for twice as long cuts that energy consump-
tion in half. This change, of course, is more due to the in-
creased reliability of vehicles than to changing preferences
for how long we drive them, so auto manufacturers are
primarily responsible for this improvement.

Americans drive more than people in any other coun-
try of the world, and that’s partly if not mainly due to
lower fuel taxes. We paid an average of $2.72 per gallon
for regular gasoline in 2018, while Canadians paid $3.67,
Japanese paid $5.27, and most Europeans paid around $6
(11.3). The differences are almost entirely due to higher
taxes. While I support increasing highway user fees enough
to completely pay for the roads, most other countries pu-
nitively tax vehicles either to discourage driving or simply
to increase government spending.

Transit Buses: Going the Wrong Way

While cars and light trucks are getting more fuel-efficient
every year, transit buses are going the other way. In 2018
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the average transit bus used more than 35,000 BTUs per
vehicle mile, considerably more than the 32,000 used in
1970 though less than the 41,000 used in 2000 (2.14).
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Transit is only energy efficient if agencies can fill the seats, which they
were unable to do even before social distancing. Photo by Steve Morgan.

Though buses are doing better per vehicle mile since
2000, their energy use per passenger mile is getting worse,
largely because of declining ridership. Back in 1970, buses
consumed less than 2,500 BTUs per passenger mile. By
2018, it was more than 4,500 (2.14).

Unfortunately, the data book doesn’t have any data on
other kinds of buses. No one knows for sure how many
miles they drive each year or how many passengers or pas-
senger miles they carry. The American Bus Association has
provided a limited amount of data in a periodic census,
but the last census published was from 2017. Its estimates
of passenger miles are for motorcoaches and don’t include
school buses, airporters, or other buses. The census also
doesn’t have any energy data, though another study pub-
lished by the association found that motorcoaches were
the most efficient form of motorized travel.

Airlines Improving

Commercial air travel was getting more efficient every year
before the pandemic. In 2018, airlines used less than 24
percent as much energy, about 2,400 BTUs, to move a
passenger mile as they used in 1970 (2.15). Airlines filled
84 percent of seats in 2019 vs. just 56 percent in 1970
(10.2). That accounts for less than half of the improve-
ment and the rest is due to more fuel-efficient planes.

The data book also includes information about how
much energy non-commercial air travel consumes but not
how many passenger miles it carries (10.3). The last time
the Department of Transportation estimated general avi-
ation passenger miles was 2001, when it was supposed to
have moved 15.9 million. The data book says that planes
used 165 trillion BTUs in 2001, which works out to more
than 10,000 BT Us per passenger mile. The numbers may
have improved somewhat since then, but are probably still
well above commercial air travel.

Trains: the Electricity Multiplier

According to the data book, both Amtrak and rail transit
are more energy efficient than driving or flying. There’s a

caveat, however. Electric power plants consume 3 BT Us
of energy in order to deliver 1 BTU to consumers. Until
a few years ago, the data book counted these additional
BTUs when estimating the energy efficiencies of electrical-
ly-powered transportation.

It stopped doing so, however, starting with the 36™
edition, which was published in 2017. Suddenly, light-
and heavy-rail transit (which is all electrically powered)
appeared to be 67 percent more energy efficient; com-
muter trains (some of which are electrically powered) was
40 percent more energy efficient, while Amtrak (some of
whose trains are electrically powered) was 25 percent more
energy efficient.

I asked the authors of the data book why they made
this change and they responded that they were only trying
to estimate the energy consumption of operations and not
doing a complete lifecycle analysis. Such a lifecycle analysis
would count the energy costs of building powerplants and
other infrastructure, manufacturing vehicles, and digging
or drilling for power sources, not to mention the disposal
of used-up or worn-out materials.

I still consider this misleading. Internal combustion
engines lose two-thirds of their energy to heat. Electric
power loses two-thirds of its energy in generation and dis-
tribution. To count one loss without the other biases the
analysis in favor of electric power, especially since most
electricity in this country comes from burning fossil fuels.

Adjusting the rail numbers based on the differences
between the 35" and 36" editions, Amtrak used about
2,100 BTUs per passenger mile in 2018, while light,
heavy, and commuter rail all used about 2,600 BTUs per
passenger mile (2.15). This makes Amtrak a little more
energy-efficient than flying and rail transit a little more
energy-efficient than driving.

There are big differences between routes and transit
data are typically heavily weighted by New York. The data
book shows that most commuter-rail (figure 7.1), heavy-
rail (figure 7.2), and light-rail lines (figure 7.3) use more
energy per passenger mile than the average, some of them a
lot more. The same must be true for Amtrak and may also
be true for air travel, though the airlines do a better job of
filling a high percentage of seats on all of their routes.

The data book also shows that air travel has been get-
ting more energy efficient faster than Amtrak. While air-
line energy efficiencies have improved by 2.9 percent per
year, Amtrak’s have improved by just 1.7 percent per year.
Similarly, car energy efficiencies have improved by 1.1 per-
cent per year and light trucks by 1.4 percent per year, but
commuter rail is improving by only 0.3 percent per year
while light and heavy rail aren’t improving at all and may
even be getting worse.

Freight: Trucks Unknown

Rail transportation can be incredibly efficient in moving
freight. In 2018, the class I freight railroads used less than
300 BTUs per ton-mile, down from almost 700 in 1970
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(2.16). Unfortunately, the data book doesn’t have compa-
rable data for trucks.

Trains are incredibly energy-efficient for moving freight, but are less so
Jor moving passengers. Photo by GD Taber.

The Department of Transportation uses a model to
estimate the amount of freight carried by trucks each year.
The model estimates the total amount of freight shipped in
the United States and then subtracts the amounts known
to be shipped by rail, air, water, and pipelines. Since trucks
are the only unknown, the department assumes they car-
ried everything else. I find this questionable, and appar-
ently so do the authors of the data book as they didn’t
include these numbers in the book.

The numbers say that trucks carried 2.03 trillion
ton-miles of freight in 2018. The data book estimates
that heavy trucks consumed 46.4 billion gallons of fuel,
which would nearly all be Diesel (5.1 and 5.2). One gallon
of Diesel has about 137,400 BT Us. If the ton-miles are
correct, that works out to 3,134 BTUs per ton-mile, or
more than ten times rail freight. I suspect the 2.03 trillion
number is too high, which would make trucks even less
energy-efficient.

Rail freight is more energy efficient partly because
steel wheels are more efficient than rubber tires but also
because railroads excel at moving large volumes from point
A to point B, while trucks move smaller volumes and often
make many stops. Thus, it wouldn’t be possible to save a
lot of energy by shifting most truck freight to rails.

Rail freight is more efficient than passenger rail be-
cause the railroads are able to fill a 50-ton freight car with
100 tons of freight, so most of the weight is the material
being shipped. A 50-ton passenger car will typically hold
only about 5 or 6 tons of passengers; even if completely
fill, the passengers might weigh only 12 or 13 tons. Thus,
the deadweight per passenger is as higher or higher than

that for a car or bus.

Greenhouse Gases

The data book presents Environmental Protection Agency
data (described in a previous policy brief) showing that
many toxic air pollutants from motor vehicles, such as
carbon monoxide (13.3) and hydrocarbons (a.k.a. volatile
organic compounds, 13.7), have declined by 80 to 90 per-
cent or more. That’s possible because catalytic converters
can chemically withdraw these pollutants before they enter

the atmosphere. The same kind of improvement isn’t pos-
sible with greenhouse gases, however, so the production of
such gases is proportional to the amount of fuel burned.

Despite this, the United States has reduced its total
greenhouse gas emissions by 13 percent since 2005 (12.1).
This is mainly due to the substitution of natural gas-fired
electric power plants for coal-fired plants. (Such a substi-
tution, however, made the grid more vulnerable to cold
weather, which is why Texas had such problems last week.)

Still, improvements in automobiles contributed to the
reduction. Since 2005, the greenhouse gases emitted by
cars and light trucks declined by 5 percent. Greenhouse
gases from air travel declined by 9 percent. These gains
were partly offset by increases from heavy trucks, but over-
all greenhouse gases from transportation have declined
since 2005 (12.8).

The Law of Large Proportions

In an Atlantic article about the energy issue written more
than forty years ago, University of California, Irvine, econ-
omist Charles Lave described the Law of Large Proportions,
which, he said, was that “the biggest components matter
most.” For energy, this meant that improving the energy
efficiency of the modes of travel that carry close to 95 per-
cent of all passenger travel, namely, cars, light trucks, and
airplanes, works better than trying to increase the usage
of modes that carry only 1.1 percent, namely transit and
intercity rail.

The data book shows that 40 years of experience
have proven Lave to be correct. Since he wrote the arti-
cle, the United States has spent close to $80 billion (in
2021 dollars) subsidizing Amtrak and more than a trillion
subsidizing transit, yet their shares of travel have declined.
Transportation energy consumption is decreasing because
we are making cars and planes that are more fuel-efficient,
not because we are getting people out of those vehicles.

The data book also suggests that policies that attempt
to design compact cities that will encourage people to drive
less won't save energy either. People may drive less in those
cities, mainly because they are more congested and people
don’t have time to drive more. But because cars use more
energy in congested traffic, such a reduction in driving
won't be matched by a reduction in energy consumption.
In fact, people living in dense cities may even use more
energy to drive less than their suburban counterparts.

Of course, the pandemic will change a lot of these
numbers, but it won't change this basic conclusion. Efforts
to save energy by building high-speed rail or increasing
subsidies to Amtrak and transic are misguided. We can
save far more energy and reduce greenhouse gas and other
emissions by improving the vehicles that people use the
most.

Randal O’Toole, the Antiplanner, is a land-use and trans-
portation policy analyst and author of The Best-Laid Plans:
How Government Planning Harms Your Quality of Life,
Your Pocketbook, and Your Future.
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