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Transportation Energy Futures
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Modes

The U.S. transportation sector
has the technical potential to
eliminate reliance on oil and
reduce its greenhouse gas
emissions by more than 80
percent by 2050. This sector
is currently responsible for

71 percent of the nation’s

total petroleum use and 33
percent of our total carbon emissions. The EERE Transportation
Energy Futures study examines underexplored opportunities to
combine strategies to increase the efficiency of transportation
modes, manage the demand for transportation, and shift the

fuel mix to more sustainable sources necessary to reach these
significant outcomes.
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Coordinating a Strategic Approach

There is no silver bullet to reducing transportation energy

use. Deep cuts in transportation petroleum consumption and
emissions are instead dependent on combined reductions across
three factors: vehicle fuel consumption (modes), vehicle use
(service demand), and fuel carbon intensity (fuels).
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All three transportation energy use factors must be reduced in
order to decrease overall energy use and emissions (VMT: vehicle
miles traveled).

Using Less Fuel in Vehicles

Light-duty vehicles (LDVs) like cars and SUVs are already
becoming more efficient thanks largely to new CAFE standards.
Adoption of advanced vehicle technology such as electricity
and hydrogen-based drivetrains can further reduce liquid fuel
needs despite increasing travel demand. Non-light-duty vehicles
(NLDVs) such as trucks, planes, and ships, however, consume
almost half of the fuel used in the transportation sector. Growth

Table 1: Combined effects of changes in transportation service
demand, vehicle efficiency, and use intensity can maintain
level net energy consumption through 2050.

LDVs Trucks  Aviation Ships Rail

Travel and freight
service demand +75% a +87%2a  +217%b  +32%a  +47%2
growth
Vehicle energy
efficiency 39% to 25% 30% 0% 20%
improvements 61% to 43% to50% to13%% to 30%
(vs. baseline)
Per capita vehicle 0% 6% 5%
use reductions to 21% to 10% to 15% b b
:?f::t';'lnfngr‘anges 7% ¥32% 0% +32%  +18%

i to-47% to-4% to+35% to+15% to +3%

consumption

a EIA projections extrapolated. b FAA projections extrapolated.

in freight and air travel demand could lead to a 50 percent
increase in NLDV energy use by 2050. There are a variety of
possible efficiency improvements for NLDVs, particularly heavy
trucks and airplanes, which have the potential to make up for
these increases to keep overall energy use flat. (See Table 1)

Using Vehicles Less

Effective transportation is central to our economy, and demand
for transportation of both goods and people is expected

to increase substantially over the coming decades. While
individual strategies to curb transportation demand may have
limited impacts, TEF shows that implementation of multiple
simultaneous approaches can lead to significant reductions

in per-capita vehicle use while maintaining service quality
(See Table 2). In combination with increased efficiency, these
reductions can balance out the increases in service demand
and keep liquid fuel needs down to allow for low-carbon fuel
substitution (See Table 1).

Table 2: Combined transportation demand reduction and
efficient driving strategies can add up to significant reductions
in energy use.

Demand Reduction Potential Magnitude

Strategy AT LT of Impact
LT LDV VMT reduction 12% to 18%
Characteristics
Trip Reduction LDV VMT reduction 1% to 10%
Efficient Driving MPG improvement 1% to 5%
Non-LDV Mode Ton-miles switched <10%

Switching from trucks to rail
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2050 Base Case Petroleum Consumption Legend
and TEF Potential Reductions Base Case: Projected 2050 transportation petroleum use, extrapolated from the U.S. Energy
25 Information Administration’s Annual Energy Outlook (2012) and categorized as LDV and
non-LDV.

Non-LDV
Efficiency

TEF Reductions: TEF reports identified reduction potential in areas such as increasing vehicle
efficiency, fuel switching to biofuel, hydrogen, natural gas, and electricity, and changing
service to reduce use intensity. Reductions are relative to the base case in 2050.

Modes

LDV
Efficiency Overlap: The overlapping reduction impact of TEF strategies, meaning the additive effect of
individually-implemented strategies is not equal to that delivered by simultaneous
implementation of all strategies. (e.g., fewer VMT combined with improved technology may
produce energy efficiency improvements less than the sum of individual VMT and technology

strategies.) Subtracting this overlap from the reductions compensates for double counting.

Biofuels Surplus: Potential for biofuel production exceeding U.S. liquid fuel demand,
providing fuel for export.

Notes

“LDV” = light-duty vehicle.

“VMT” = vehicle miles traveled.

- “LDV efficiency” includes improvement of internal combustion and hybrid
N I : - R vehicles.

Switching

Petroleum Use/Reductions (Quadrillion BTU)

il “Drivetrain Electrification” factors in reductions delivered by use of
Base Case TEF Reductions Overlap BiofuelsSurplus  electric and fuel cell vehicles.

Illustration by Raymond David, NREL

A combination of strategies across transportation modes, demand, and fuels can lead to the elimination of petroleum use by 2050.

Switching from Petroleum to Biofuels much as 50 percent of the jet fuel market, and 30 percent of the
gasoline and diesel markets if EERE biofuel technology goals
are met. Getting to the point where biomass could provide 100
percent of vehicle liquid fuels requires reducing the need for
fuel through the efficiency and demand management measures
described above, including deployment of electricity or
hydrogen fuel alternatives. While new fuel types require new
infrastructure, the share of infrastructure cost within total fuel
costs is very small (1.5-3 percent), and these costs can be made
up for in fuel cost savings of more efficient advanced vehicles.

TEF does not project that all liquid fuels will be eliminated from
the future transportation sector, but rather that demand can be
sufficiently reduced so that biomass can meet all liquid fuel
needs. TEF developed a new Biomass Allocation and Supply
Equilibrium model to project the equilibrium for biomass
supplies and consumption in a mature market. Even at the ETA
baseline projected fuel demand in 2050, biofuels could supply as
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