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Though they consume less transportation energy than personal passenger vehicles, mass
transit systems are responsible for considerable energy use. Therefore, efforts to
improve their energy efficiency can yield appreciable reductions in worldwide energy
use.
In addition, shifting a portion of passenger travel from more energy intensive modes,
such as personal transport vehicles, to mass transit modes has the potential to decrease
overall transportation energy use, as well as reduce pollution and alleviate congestion.
This article describes trends in passenger travel and energy consumption for the
principal mass transit modes: air, bus, transit rail, and intercity rail.
It further presents energy efficiency measures for mass transit systems as they pertain to
six general strategies for improving efficiency, namely 1) reduce demand, 2) increase
load factor, 3) shift to more efficient mode, 4) improve vehicle efficiency, 5) operate
with highest efficiency, and 6) invoke progress through intervention and technological
innovation.
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1. Introduction
There are several types of transportation mode used for passenger travel. The primary
modes include passenger cars (including light trucks, vans, and sport utility vehicles
(SUVs)), buses, aircraft, light rail vehicles (e.g., trams and metros), and heavy trains.
Other modes include boats, motorcycles, bicycles, scooters, skates, skateboards, and
even feet.
The primary modes are responsible for the largest quantities of passenger travel, as
measured in units of passenger-kilometer. They also use the most energy.
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Figures 1 through 4 show the breakdowns of passenger travel by primary transportation
mode for the United States, European Union Countries (EU 15, which comprises
Austria, Belgium, Germany, Denmark, Spain, Greece, France, Finland, Italy, Ireland,
Luxembourg, the Netherlands, Portugal, Sweden, and the United Kingdom), Canada,
and Japan, respectively.
For each of the areas, the dominant passenger transportation mode is the passenger car.
In the United States, the passenger car represents the largest share of passenger travel
compared with the other countries evaluated; indeed, passenger cars accounted for about
86% of passenger kilometers in 1998.
Passenger cars in Canada and the EU 15 also represented significant portions of
passenger travel, with shares of 82% and 79%, respectively. Passenger cars in Japan
accounted for 55% of passenger travel in 1998, and are therefore of relatively less
importance than are passenger cars in other areas.

Figure 1. Passenger travel by mode, 1998 (United States). Total for modes shown =
7267 × 109 passenger-kilometer. Source: Data compiled from Europa, European Union.
(2001). Energy and Transport in Figures, 3.1.13 – Comparison EU 15-World:
Passenger and Freight Transport, <www.europa.eu.int/comm/energy_transport/etif/>
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Figure 2. Passenger travel by mode, 1998 (EU 15). Total for modes shown = 4650 × 109
passenger-kilometer. Source: Data compiled from Europa, European Union. (2001).
Energy and Transport in Figures, 3.5.2 – Performance by Mode of Transport EU 15,
<www.europa.eu.int/comm/energy_transport/etif/>

Figure 3. Passenger travel by mode, 1995 (Canada). Total for modes shown = 472.9 ×
109 passenger-kilometer. Source: Data compiled from Consumer Policy Institute,
Passenger Travel by Motorized Modes, Canada, 1970–1995,
<www.nextcity.com/cpi/trans/transpo.html>
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Figure 4. Passenger travel by mode, 1998 (Japan). Total for modes shown = 1309 × 109
passenger-kilometer. Source: Data compiled from Europa, European Union. (2001).
Energy and Transport in Figures, 3.1.13 – Comparison EU 15-World: Passenger and
Freight Transport, <www.europa.eu.int/comm/energy_transport/etif/>
Further examination of Figure 1 shows that air travel was responsible for the second
largest share of passenger travel in the United States during 1998, accounting for 11%.
Air travel was followed by bus transport (3%), and then by railway and light rail
transport (each representing less than 1%). The breakdown is somewhat different in
Figure 2. For the EU 15, bus transport was the second largest passenger mode (9%) in
1998, followed by railway (6%), air (5%), and then by light rail (1%).
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Figure 3 illustrates that in Canada, as in the United States, air travel was the second
largest passenger mode in 1995, followed by light rail (2%), bus (1%), and railway (less
than 1%). In Japan, railway was the second largest passenger travel mode in 1998,
accounting for a significant 30%. Railway transport was followed by bus (7%), air (6%),
and then light rail (2%).

Figure 5. Mass transit passenger travel by mode (selected countries) (passengerkilometer × 109). Source: data compiled from Europa, European Union. (2001). Energy
and Transport in Figures, 3.1.13 and 3.5.2,
<www.europa.eu.int/comm/energy_transport/etif/> and Consumer Policy Institute,
Passenger Travel by Motorized Modes, Canada, 1970–1995,
<www.nextcity.com/cpi/trans/transpo.html>

The current article focuses on mass transit modes of passenger travel. Therefore
passenger cars (including light trucks, vans, and SUVs) are not treated here in any more
detail. Rather, they are discussed separately in Energy Efficiency in Passenger Cars and
Light Trucks. In keeping with the emphasis of the current article, Figure 5 depicts the
modal quantities of passenger travel in the mid-to-late 1990s by just the mass transit
modes of bus, railway, light rail, and air for the United States, Canada, the EU 15, Japan,
China, and Russia. The largest quantity of mass transit was attributable to air travel in
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the United States (767 × 109 passenger-kilometers). The second largest was bus travel in
China (594 × 1069 passenger-kilometers), and the third largest was bus travel in the EU
15 (402 × 109 passenger-kilometers). Each of the geographical areas evaluated is
characterized by a different breakdown of mass transit modes.
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Air travel is the predominant mass transit mode in the United States and Canada, while
bus travel dominates in the EU 15, China, and Russia, and railway is the leader is Japan.
One common trend is that light rail is responsible for some of the smallest shares of
mass transit. Figure 6 plots the energy intensities, as determined from four references,
for each of the main mass transit modes in the United States during the mid-to-late
1990s. Before the figure is discussed, it should be emphasized that the data are for the
United States alone, and energy intensity values for other countries differ based on
many factors, including vehicle efficiency and passenger load factors. It should also be
mentioned that at least some of the data for air travel in Figure 6 include energy
consumed for both passenger and all-cargo transport. Therefore, the energy intensities
are slightly higher than would be found if all-cargo flight were excluded. In addition, at
least some of the transit and intercity rail data do not include electric power and
distribution losses.

Inclusion of these losses would have the effect of raising the energy intensity values by
roughly 20% for intercity transport and by roughly one-third for transit rail. Moreover,
as can be seen from examination of the figures, there are subtle discrepancies between
energy intensity values.These discrepancies arise from the fact that energy intensity
values are strongly dependent on how a mass transit mode is defined. Furthermore, one
must use caution when comparing energy intensities among modes, as the different
modes are suited for different types and lengths of mass transit.
Nevertheless, thoughtful comparisons among the modes are useful for determining the
most energy-efficient means of travel for a given application.
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Figure 6. Energy intensities of mass transit modes, mid-to-late 1990s (United States):
approximations from four sources (MJ per passenger-kilometer). Sources: data
compiled from: 1) US Department of Transportation, Bureau of Transportation
Statistics. (2001). National Transportation Statistics 2000, BTS01-01. Table 4-20.
Washington, DC, USA: US Government Printing Office. 2) Oak Ridge National
Laboratory (Stacy C. Davis), Office of Transportation Technologies, US DOE. (2000).
Transportation Energy Data Book: Edition 20. Washington D.C., USA: US DOE. 3)
Victoria Transport Policy Institute. (Ongoing). Energy Conservation and Emission
Reduction Strategies. Online TDM Encyclopedia <www.vtpi.org/tdm/tdm59.htm> 4)
The Public Purpose, Urban Transport Fact Book, US Transport Fuel Efficiency: 1995,
<www.publicpurpose.com/ut-en-95.htm>
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Figure 7 shows the variation in energy consumption in the United States between 1960
and 1998 for the main mass transit modes. The energy consumed by air travel increased
dramatically during this period—from 279 × 1012 kJ to 1976 × 1012 kJ. Energy
consumption changes for bus, transit rail, and Amtrak rail were less notable during this
period. Bus consumption was 153 × 1012 kJ in 1998, compared with 121 × 1012 kJ in
1960. Transit rail rose slowly from 66 × 1012 kJ to 113 × 1012 kJ during the same period.
Amtrak energy consumption remained relatively constant during the period of 1975 to
1988, at values fluctuating between 11 × 1012 kJ and 13 × 1012 kJ.

Figure 7. Energy consumption by mass transit mode, 1960–1998 (United States).
Source: Data compiled from US Department of Transportation, Bureau of
Transportation Statistics. (2001). National Transportation Statistics 2000, BTS01-01.
Table 4-6. Washington, DC, USA: US Government Printing Office.

Figure 8 shows the variation in energy intensity for mass transit modes in the United
States between 1970 and 1998. The energy intensity of air travel by certified air carriers
dropped substantially during this period (from 6.78 to 2.62 MJ per passenger-kilometer).
Overall decreases in intercity rail travel (2.41 to 1.61 MJ per passenger-kilometer) and
intercity bus travel (0.69 to 0.47 MJ per passenger-kilometer) were less notable during
similar periods. In contrast, the energy intensities actually increased for transit rail travel
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(1.61 to 2.11 MJ per passenger-kilometer) and transit bus travel (1.62 to 2.78 MJ per
passenger-kilometer), in large part because of lessened load factors. Because of its poor
success in the United States, the financial and energy benefits of public transit by bus
and rail are under debate. Public transit is currently heavily subsidized to encourage
passenger travel; however, efforts have had relatively little success to date. In other
countries, public transit is quite successful and yields obvious energy efficiency
advantages.

Figure 8. Energy intensity of mass transit modes 1970–1998 (United States) (MJ per
passenger-kilometer). Source: Data compiled from Oak Ridge National Laboratory
(Stacy C. Davis), Office of Transportation Technologies, United States DOE. (2000).
Transportation Energy Data Book: Edition 20, Table 2.12. Washington D.C., USA: US
DOE. (Also available online at <www.cta.ornl.gov/data>)

Sections 2 though 5 discuss the mass transit modes of air, bus, transit rail, and intercity
rail, respectively, in more detail. Emphasis is placed on energy-use characteristics, as
well as trends in passenger travel and modal share, for each mode. Section 6
summarizes the main opportunities for improving the energy efficiency of mass transit
systems
-
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