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Foreword
Most major industrialized nations are engaged in a race for leadership in high-speed ground 
transportation technology. Conspicuous by its absence from this race is the United States. A major 
transportation policy issue facing us today is whether we should join this race or be content with 
being a customer for transportation technology developed and manufactured overseas.

There is no doubt that the United States can benefit from safe high-speed ground transportation. 
Across our Nation, there is increasing concern about transportation congestion and its adverse 
impact on air quality, personal mobility, and commerce. Delays caused by congestion alone are 
costing consumers and U.S. industries billions of dollars of taxable income annually. Projections by 
the Department of Transportation indicate steadily worsening conditions in the future.

No single form of transportation will be able to meet the full range of the Nation's future 
transportation requirements. However, magnetically levitated transportation systems (maglev), an 
emerging technology with maximum speeds in excess of 300 miles per hour, offers the potential for 
safely and efficiently meeting part of these requirements. At such high speeds, maglev could be 
particularly competitive for large numbers of trips of between 100 and 500 miles in length.

Looking to the last decade of this century and the beginning of the 21st century, our Nation has the 
prospect of obtaining substantial benefits from this exciting new technology. The United States 
has a long and rich history of scientific and technological breakthroughs in transportation. That 
tradition w ill be put to test, as we explore the various possibilities for maglev in the United States.

The National Transportation Policy, announced by President Bush and Secretary Skinner on March 8, 
supports Federal research to advance the implementation of emerging transportation technologies 
such as maglev. This preliminary report is the first step in the Administration's examination of the 
possibilities of maglev systems in the United States. The President's Fiscal Year 1991 budget 
requests that Congress fund the next step: research to evaluate the potential of an American-made 
maglev technology and the role that the Federal Government should play in its development. In 
light of the race to develop high-speed ground technology, we must move aggressively to explore 
the full range of options fo r developing and implementing this exciting new transportation 
technology.
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Preface
The Fiscal Year 1989 Appropriations 
Committee Conference Report (100-957) 
directed the Federal Railroad Administration 
(FRA) to  undertake an analysis of the 
feasibility of magnetic levitation, or maglev, 
transportation systems in the United States. 
Specifically, the Conference Report directed 
FRA to conduct:

"An assessment of the current state of 
magnetic levitation technology, 
including an analysis of the economic 
and technical feasibility of constructing 
commercial magnetic levitation 
transportation systems in the United 
States over the next 20 years and the 
identification of legislative or other 
measures that could be undertaken to 
promote U.S. industry leadership in the 
production of such equipment."

This report and its supplement address in 
detail the questions posed by the Congress.

The report is divided into the following 
sections:

• Introduction and Background

• Current state of maglev technology

• Preliminary analysis of the technical feasi­
b ility of maglev systems

• Preliminary analysis of the economic feasi­
bility of maglev systems

• Measures to promote U.S. leadership in 
maglev development.

The Report Supplement presents a more 
detailed exposition of these issues. The 
detailed views of U.S. industry on maglev 
technology development in the United States 
will be published in a separate report.

Moving America, A Statement o f National 
Transportation Policy, issued in March 1990, 
identifies strategies and actions to prepare 
the Nation for the transportation challenges 
of the 21st century. Embedded in this 
statement is the recognition that innovation 
and technology are vital to achieving the 
goals and objectives of our future 
transportation needs. Advancing U.S. 
transportation technology and expertise in 
new forms of transportation will contribute to 
that end. Assessment o f the Potential for 
Magnetic Levitation Transportation Systems in 
the United States evidences that maglev is 
one of several technological advances that 
has received a substantial initial impetus from 
U.S. research and development.
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Executive Summary
Surface and air travel are projected to double 
from 1988 levels early in the 21st century. 
Magnetic levitation (maglev) is a relatively 
new transportation technology, which has the 
potential to alleviate growing highway and 
airway congestion, particularly in high-den- 
sity intercity corridors. Maglev vehicles can 
travel safely and at relatively high speeds 
while suspended above a guideway by mag­
netic fields. Operating at maximum speeds of 
over 300 miles per hour (mph), maglev could 
be very competitive w ith short-haul air 
service and highway trips, attracting large 
numbers of business and other time-sensitive 
travelers. Maglev systems can be designed to 
provide efficient intermodal connection for 
travelers at multimodal terminals in city 
centers, airports, and other key locations.

Current Maglev 
Technology
The three primary functions basic to maglev 
technology (Figure ES-1) are: (1) levitation or 
suspension; (2) propulsion; and (3) guidance.

c
o
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Figure ES-1. The Three Primary Functions 
Basic to Maglev Technology

In most current designs magnetic forces are 
used to perform all three functions although a 
non-magnetic source of propulsion could be 
used. No consensus exists on an optimum 
design to perform each of the primary 
functions.

Suspension Systems
The two principal means of levitation are 
illustrated in Figures ES-2 and ES-3. Electro­
magnetic suspension (EM S) is an attractive 
force maglev levitation system whereby 
electromagnets on the vehicle interact w ith 
and are attracted to ferromagnetic rails on the 
guideway. EMS was made practical by 
advances in electronic control systems that 
maintain the air gap between vehicle and 
guideway, thus preventing contact.
Variations in payload weight, dynamic loads,
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and guideway irregularities are compensated 
for by changing the magnetic field in 
response to vehide/guideway air gap 
measurements.

Electrodynamic suspension (EDS) employs 
magnets on the moving vehicle to induce 
currents in the guideway. This resulting 
repulsive force produces inherently stable 
vehicle support and guidance because the 
magnetic repulsion increases as the 
vehicle/guideway gap decreases. However, 
the vehicle must be equipped w ith wheels for 
"takeoff" and "landing" because the EDS will 
not levitate at speeds below 25 mph. EDS has 
progressed with advances in cryogenics and 
superconducting magnet technology.

Propulsion Systems
"Long-stator" propulsion using an electrically 
powered linerar motor winding in the 
guideway appears to be the favored option for 
high-speed maglev. It is also the most 
expensive because of higher guideway 
construction costs.

"Short-stator" propulsion uses a linear 
induction motor (LIM) winding on board and 
a passive guideway. While short-stator 
propulsion reduces guideway costs, the LIM is 
heavy and reduces vehicle payload capacity 
resulting in higher operating costs and lower 
revenue potential compared to long-stator 
propulsion. A third alternative is a non­
magnetic energy source (gas turbine or turbo­
prop) but this, too, results in a heavy vehicle 
and reduced operating efficiency.

Guidance Systems
Guidance or steering refers to the sideward 
forces that are required to make the vehicle 
follow the curves and straightaways of the 
guideway. The necessary forces are supplied 
in an exactly analogous fashion to the suspen­
sion forces, either attractive or repulsive. The 
same magnets on board the vehicle which 
supply lift can be used concurrently for guid­
ance, or separate guidance magnets can be 
used.

Technical Feasibility
Both EMS and EDS systems appear suitable for 
U.S. deployment. EMS advantages include a 
high-speed prototype demonstrating good 
ride quality, off-line switching capability, 
and very low ambient magnetic field levels. 
The EDS is lighter and requires less power per

seat-mile. Also, its larger allowable gap 
between vehicle and guideway requires less 
precise guideway construction and vehicle 
control. Current designs of both systems use 
the long stator, requiring an actively powered 
guideway which accounts for a large 
percentage of system capital costs.:

Another system design, the Magneplane, 
while only in the conceptual stage, merits 
further study. It uses an EDS suspension 
system, but a cylindrical geometry, which 
permits the vehicle to roll about its axis.
This design feature, which includes a 
stabilizing magnetic "keel," reportedly 
allows the Magneplane to negotiate curves 
effectively.

A number of continuing research and devel­
opment opportunities still exist, many 
common to both EMS and EDS:

•  Guideway Structure— Fixed facilities 
account for about 90 percent of overall 
maglev capital costs. Seventy percent of 
this stems from the guideway structure.
Any technological improvements Jn this 
area could have a substantial impact on 
system economics.

• Right-of-Way— Interstate Highway and 
railroad rights-of-way represent potentially 
valuable resources fo r accommodating 
maglev routes. Use of these resources needs 
further investigation because highways and 
railroads were originally designed for 
speeds well below 100 mph. Many have 
curves and clearances that may constrain 
higher maglev speeds.

• Propulsion System Innovation— Long-stator 
windings, which run the length of the 
guideway, are a major element of capital 
cost. Breakthroughs in design or in use of 
alternative propulsion concepts could 
reduce capital cost and hasten 
implementation.

•  Operational Considerations— High-speed 
switching is a major operating challenge 
for a U.S. maglev system, because switches 
are among the least developed 
components.

Another im portant operating consideration 
that needs further study is whether to use 
multicar trains w ith  a limited number of 
intermediate stops or single-car trains serv­
ing individual pairs of stations, some of 
which are located on branch lines. l ‘:>
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• Other Development Opportunities— High- 
temperature superconducting magnets, 
lim iting exposure to magnetic fields, 
improved stabilization, and better 
cryogenic systems are also areas where 
development opportunities exist.

Economic Feasibility
The economic feasibility analysis is focused 
on high-speed travel networks connecting 
center cities from 100 to more than 500 miles 
apart and serving selected airports. Revenues 
and costs, are in 1988 dollars.

The prelim inary economic feasibility finding 
is that a number of transportation markets, 
comprising from  less than 500 to 2,600 miles 
of maglev routes, could generate sufficient 
revenues from fares to cover operating and 
capital costs, excluding right-of-way costs 
and assuming access to tax-free bond 
financing. The analysis supporting this 
finding assumes continued growth in travel 
markets and modal service characteristics that 
result in an overall market share of 27 percent 
for maglev.

A larger number of markets could generate 
sufficient revenues from fares to cover 
operating costs, and at least half of capital 
costs. In such cases, non-transportation 
revenues, such as revenues derived from the 
capture of part of the increased real estate 
values near stations, could offset portions of 
the capital-needs shortfall. Table ES-1 
summarizes these findings.

Table ES-1. Estimated Maglev Route- 
Miles Covering Operating Costs Plus 

Different Percentages of Capital Costs

Recovery o f Unfavorable Base Favorable
Capital Cost* Scenario Scenario Scenario

100 percent <500 850 2,600

SO percent 1,500 3,000 5,000

* Excludes right-of-way costs

Future transportation demand and preferences 
in transportation mode are dependent on 
numerous variables that make accurate 
projections extremely difficult. Therefore, 
this analysis considered a range of 
assumptions about these variables. There is a

base scenario which reflects the assumptions 
that are detailed in Chapter Four. Altering 
some of these underlying assumptions, such as 
reducing the assumed cost of guideway 
construction (the single greatest cost 
involved in building a maglev system), 
would increase the number of transportation 
markets where maglev would appear to be 
viable. On the other hand, increasing the 
assumed capital and/or operating costs or 
decreasing the number of projected maglev 
passengers would increase the number of 
maglev markets that would require support 
from non-transportation revenues. For that 
reason a favorable and an unfavorable 
scenario were also analyzed.

The favorable scenario reflects assumptions 
favorable to maglev development, such as 
increased highway and airport congestion and 
lower guideway costs. The unfavorable 
scenario represents assumptions including a 
25 percent increase in assumed fixed capital 
costs and a 100 percent increase in assumed 
operating costs.

Still another, more pessimistic scenario can be 
constructed using these same unfavorable 
conditions and assuming that ridership is 25 
percent below base projections. In this case, 
no maglev system would cover its capital 
costs.

A basic assumption embedded in all scenarios 
is that rights-of-way would be available at 
low cost or no cost, that is, rights-of-way 
would be either provided at State or local 
expense or would be available on public 
property adjacent to existing highways or 
other transport facilities. Several states have 
already announced plans to provide access to 
highway and railroad rights-of-way.

These findings suggest that there is a role for 
maglev in the future U.S. transportation 
system. However, the market for maglev 
facilities and equipment may not be large 
enough and certain enough to  induce U.S. 
industry to make a significant commitment of 
its own resources to a maglev technology 
development program at this time.

If, however, the installed cost to private 
developers could be reduced significantly, a 
much expanded network of self-sufficient 
maglev systems might be financed and oper­
ated. Two ways that this could be 
accomplished are: (1) through an innovative 
research and development effort to drive
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down construction costs or (2) through 
interested States and local governments 
cooperating with developers in programs to 
supplement maglev transportation revenues.

While maglev appears technically and 
economically feasible in a limited number of 
regions, much remains to be done to reduce 
installed costs to the private sector before a 
similar conclusion can be drawn about a 
national maglev network.

This report does not contain an analysis of 
maglev versus high-speed rail or other 
solutions for intercity transportation. This 
will be left to later studies.

Measures to Promote U.S. 
Industry Leadership
A number of institutional issues present 
obstacles that deter U.S. industry from assum­
ing a leadership role in maglev. Perhaps no 
issue or group of issues will be more important 
to a successful maglev development program 
than the public-private partnership necessary 
to carry out that development. FRA has met 
w ith a broad range of companies that might 
be expected to participate in maglev 
technology development and applications. 
Highlighting the shortage of private funds for 
research and development, the companies 
expressed the view that before an effective 
public-private partnership could be created, 
the Federal Government must make a long-term 
commitment to maglev. The primary focus of 
this commitment must be financial support for 
maglev technology research and for new high­
speed ground transportation applications. 
Furthermore, industry believes that to 
reinforce this commitment, the following 
actions should be considered by the Federal 
Government:

• A clear and realistic definition of the 
future role and market for maglev

• Significant R&D funding, initially perhaps 
as much as a 90% share

• A National policy toward high-speed 
ground transportation

• Legislation to support maglev research, 
development, and implementation •

• A Government organization to champion 
the maglev program and a structured 
Government-industry team

• Standards for maglev design and 
construction

• Capital, rights-of-way, and/or operating 
cost subsidies, as required

• A detailed assessment of environmental 
and safety issues.

In effect, industry is saying that the Federal 
Government must assume the risks for 
development and initial implementation of 
an American-made maglev system in the 
United States.

Action on these industry views would im ply a 
substantial allocation of Federal managerial 
and financial resources. Evaluation of these 
suggestions is beyond the scope of this report, 
but FRA believes that if a major development 
program were to proceed, it  should be a jo int 
undertaking involving significant private 
investment. FRA believes that it is premature 
to decide on the specifics of such a program 
at this time.

Preliminary Assessment 
and Conclusions
This preliminary assessment indicates that 
development of commercial maglev systems 
in the United States within the next 20 years, 
and indeed, perhaps within the next 10 years, 
is both economically and technically 
feasible. Furthermore, there is potential for 
U.S. industry to establish a lead role in the 
commercial applications of maglev. This 
w ill depend largely on the creation of 
effective public-private partnerships to 
advance the technology and to remove certain 
institutional barriers.

These conclusions are preliminary because of 
the limited scope of the studies on which the 
findings are based. Further studies to 
accelerate understanding of the potential role 
of maglev in the Nation's transportation 
future are included in the President's Budget 
for Fiscal Year 1991. Many technical and 
economic feasibility issues identified during 
this investigation require further research and 
evaluation. The five priority issues are:

•  the cost of assembling an adequate right- 
of-way, the feasibility of using existing 
transportation and utility rights-of-way, 
and related design and system-speed 
tradeoffs;
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• the improvement of design and construc­
tion methods and other means of reducing 
guideway costs;

• the configuration of a maglev system for 
the United States that would address such 
issues as vehicle size, network configura­
tion, and service frequency;

• the safety, environmental and health 
impacts of maglev systems and the means 
of minimizing magnetic field effects; and

• the financing of maglev research and 
development.

The Departments of Transportation and 
Energy, the U.S. Army Corps of Engineers, EPA, 
and other Federal agencies w ith interests or

expertise in maglev-related areas are 
coordinating their activities in an effort 
called the National Maglev Initiative. 
Building on the preliminary results of this 
study and other research, the Initiative will 
review the safety, engineering, economic, and 
environmental aspects of maglev and assess 
its possible role in the Nation's transportation 
system. Among the analyses to  be undertaken 
will be a study of the role of maglev versus 
other modes of transportation, including 
high-speed rail. Information from this effort 
will form the basis fo r recommendations on 
the future development of an American made 
maglev in the United States and on the 
appropriate role for the Federal Government in 
this development.
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Chapter One
Introduction
Background
As the 21st century approaches, it  is increas­
ingly apparent tha t today's transportation 
systems cannot accommodate the travel needs 
anticipated over the next several decades. By 
2020, surface travel in the United States is 
expected to double from 1988 levels and 
average surface speeds are expected to continue 
to decrease. In addition, the number of airline 
passengers is expected to increase by about two 
thirds by 2000 and double again by the year 
2020. Meanwhile, it may not be feasible to 
expand the highway and air travel systems to 
serve this additional demand because of 
financial, environmental and community costs 
associated w ith  such expansion.

Therefore, new transportation technology may 
provide a way to  alleviate the highway and 
airport/airway congestion experienced today 
and the capacity problems expected tomorrow—  
particularly in high-density intercity corridors. 
Transportation alternatives must be evaluated 
now to meet the transportation needs of the 
next decade.

Maglev is one of these alternatives. Maglev 
vehicles are suspended above the guideway by 
magnetic fields and can travel safely and at 
relatively high speeds. These systems are 
flexible enough to be developed with efficient 
intermodal connections fo r travelers at city 
center multimodal terminals, airports, and other 
key locations. This technology offers a 
promising and potentially cost-effective 
alternative that could dramatically improve the 
quality of the Nation's transportation system.

The Cost of Intercity Congestion
The Nation pays a large price for traffic delay. 
For example, passengers at Chicago's O'Hare 
International Airport, one of 21 congested 
airports in the United States today, currently are 
delayed by more than 12 million hours 
annually. The cost of this delay to American 
businesses and the aviation industry at the 21 
airports is estimated at $5 billion annually. By 
1997, 34 airports are projected to experience 
congestion at an estimated cost of $8 billion, 
even w ith planned capacity improvements in 
place.

Congestion on the Nation's highways, includ­
ing the Interstate system in urban areas, has 
reached alarming levels. A report prepared in 
October 1989 estimated that the economic 
impact of traffic congestion for 39 urban areas 
studied was $41 billion per year in 1987 
dollars. Inflation alone raised the amount to 
$44 billion by 1989. Today, more than 2 bil­
lion production hours are lost annually because 
of highway congestion, costing the Nation 
approximately $80 billion per year. By the year 
2000, 70 percent of peak-hour travelers will 
experience highway congestion delays, while 
the cost will exceed $100 billion annually. 
Furthermore, urban congestion will continue to 
spread to intercity highway segments.

The Role of Maglev in Intercity 
Transportation
Investments in maglev have the potential to 
lower airport and, to some extent, highway 
congestion levels and, thus, reduce overall 
transport costs. Maglev, which has the poten­
tial for safe speeds above 300 mph, could be 
very competitive w ith short-haul air service and 
many highway trips in this country, attracting 
large numbers of business and other time-sensi­
tive travelers. Maglev systems could be espe­
cially effective in relieving pressure for 
expanded airport capacity by substantially 
reducing the need for short to medium-distance 
air trips and freeing available airport capacity 
for more efficient long-haul air service.

FRA's discussions with industry leaders have 
confirmed a widely held belief that an 
American maglev system must be carefully 
designed to fit into the Nation's total trans­
portation system. The systems must be inter­
modal and flexible enough to provide safe, 
high-speed service between major markets while 
providing service for intermediate stops. To 
the extent practical, and to the extent that 
speed is not compromised by curvature 
restrictions, maglev systems should be designed 
using existing transportation rights-of-way and 
along existing highway, railroad, or utility 
rights-of-way to minimize cost and adverse 
environmental impacts.
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Development Programs in 
Other Countries
A number of countries have conducted research 
and development programs in maglev, includ­
ing Great Britain, Canada, the Federal Republic 
of (West) Germany, and Japan. In Great Britain, 
efforts have been limited to low-speed maglev; 
the Birmingham maglev provides low-speed 
shuttle service between the Birmingham airport 
and the Birmingham rail station.

Major programs have been underway in Japan 
and West Germany over the last two decades to 
develop and demonstrate maglev technology 
for high-speed ground transportation. No high­
speed maglev system is yet in revenue service, 
although West Germany has spent more than $1 
billion dollars developing prototypes that have 
carried passengers on test runs, and the Japanese 
may have spent nearly as much on maglev 
research, development, tests, and 
demonstrations.

The Transrapid TR-07, developed by West 
Germany's Transrapid International, Inc., is 
being certified at present for high-speed service 
with prospects for deployment in West Germany 
and abroad. The TR-07 has a design peak-speed 
of 500 km/h (310 mph) and has operated at 
speeds as high as 432 km/h (270 mph) at the 
Emsland, West Germany, test facility. The West 
German government is in the final stages of 
approving construction of a revenue-service line 
to connect the Bonn/Cologne and Duesseldorf 
airports, a distance of approximately 80 km (50 
miles). The line will eventually continue from 
Duesseldorf Airport to Essen Central Station.

Japan's EMS HSST-05, originally developed by 
Japan Airlines and now under the direction of 
the High-Speed Surface Transport (HSST) Corpo­
ration, was the first maglev system, worldwide, 
to be certified for revenue service. Between 
March and October 1989, it operated over a 
568-meter (621 yard) track in revenue service at 
the Yokohama Exposition Site at speeds up to 
80 km/h.

Japan has been the only country with a consis­
tent, long-term commitment to the develop­
ment of an EDS-type superconducting maglev 
system. Japan's current EDS program is the result 
of two decades of continuous research and 
development. An unmanned superconducting 
maglev test vehicle achieved a top speed of

517 km/h (321 mph) in test runs. Plans under 
consideration include revenue service by the 
year 2001 between Tokyo and Osaka; a new 40- 
to 45-km (25- to 28-mile) test facility on that 
line is expected to be completed by mid-1994. 
Several other routes in Japan are also under 
consideration.

U.S. Maglev Initiatives
Past U.S. Maglev Efforts
Under the High Speed Ground Transportation 
Act of 1965, FRA funded a wide range of 
research into all forms of high-speed ground 
transportation through the early 1970s. In 
1971, FRA awarded contracts to the Ford Motor 
Company and the Stanford Research Institute for 
analytical and experimental development of 
EMS and EDS levitation systems. Rohr Industries 
advanced an urban low-speed combined propul­
sion and levitation system (ROMAG) for which 
Boeing and, later, Carnegie-Mellon University 
acquired the rights. The Urban Mass 
Transportation Administration also funded 
follow-on research by Boeing into the 
development of this system.

Research sponsored by FRA led to the develop­
ment of the linear electric motor, the motive 
power used by all current maglev prototypes. In 
1974, a prototype LIM research vehicle set a 
world speed record of 255.4 mph at DOT'S 
Transportation Test Center in Pueblo, Colorado.

Research sponsored by the National Science 
Foundation, with MIT, Avco, and Raytheon, 
produced a scale-model demonstration of a 
maglev concept called Magneplane. The 
Magneplane concept led to new possibilities 
for maglev, featuring enhanced maneuverability 
around curved guideways. The Magneplane 
approach is currently being revived under the 
auspices of Magneplane International, Inc. 
Other entrepreneurs have proposed maglev con­
cepts for consideration as high-speed ground 
transportation systems, including new designs 
for the suspension and guidance/stabilization 
magnets.

In 1975, after Federal funding fo r high-speed 
maglev research in the United States was 
suspended, industry virtually abandoned its 
interest in maglev; however, research in low- 
speed maglev continued in the United States 
until 1986.
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Current U.S. Interest in Maglev
The United States was among the world leaders 
in maglev research and development, sponsored 
in part by FRA through the mid-1970s; however, 
limited maglev technological research is under­
way in the United States at this time. While 
recent advances in superconducting technology 
have generated new interest in maglev systems, 
FRA discussions w ith industry representatives 
reveal that most believe high-temperature super­
conductivity is not a prerequisite for maglev 
feasibility. Industry representatives recognize 
that if U.S. companies were to develop the 
technology and manufacture advanced U.S. 
maglev systems for world markets, the benefits 
to the Nation could be substantial. On the 
other hand, industry is uncertain about future 
world markets and would benefit from more 
market research in this area.

During the 1980s, in response to growing inter­
est by several States and large cities, the FRA 
funded several market feasibility studies of 
high-speed ground transportation. The studies, 
which considered both maglev and conven­
tional high-speed rail, became the basis for 
current proposals to build and operate maglev 
systems.

In 1989, two reports on the benefits of devel­
oping maglev systems were issued; both have 
stirred interest in maglev. One, an Executive 
Report prepared by the Maglev Technical 
Advisory Committee to the Committee on 
Environment and Public Works of the U.S. 
Senate, stated that maglev technology using 
superconductors offers a uniquely attractive 
solution for U.S. domestic and worldwide 
needs, and that the United States should play a 
major role in its further development.3

The other report, written by Argonne National 
Laboratory and sponsored by the Department of 
Energy (DOE), -suggested that if maglev systems 
were integrated into major airline hub opera­
tions, maglev systems could become economical 
in many high-density U.S. corridors.4 This 
would be particularly true if maglev systems 
also served city-center multimodal terminals 
and shopping complexes.

The U.S. private sector, including companies 
w ith potential roles in maglev development 
and manufacturing, recently has expressed inter­
est in maglev technology. In particular, two 
separate organizations are promoting the idea 
of a development program for a U.S. maglev 
system. One group is "Maglev 2000," a coali­

tion formed in 1989 whose goal is to build and 
demonstrate a full-scale working prototype of a 
superconducting maglev system in the United 
States by the year 2000. Maglev 2000 is part of 
the broader based Council on Superconductivity 
for American Competitiveness, a group consist­
ing of U.S. companies w ith an interest in super­
conductivity technology. Its membership 
includes large companies such as General 
Dynamics, Texas Instruments, Alcoa, Dupont, 
and Lockheed, and some smaller firms such as 
Intermagnetics General.

The second group is "Maglev USA," whose 
objective is to promote the development of 
U.S. maglev technology. This organization 
includes among its members General Electric, 
Grumman, and CSX Corporation.

At least one major construction company, 
Bechtel, is committed to maglev-related con­
struction activity, and has formed a partnership 
with other companies in a bid to construct a 
maglev system between Las Vegas, Nevada and 
Anaheim, California. The interest of 
construction firms is under-standable since the 
basic steel and concrete guideway structure 
comprises around 70 percent of maglev system 
capital costs.

At least one aviation executive, the president 
of U.S. Air Group, Inc., has suggested publicly 
that air carriers m ight be well-advised to get 
into the intercity ground transportation busi­
ness as Lufthansa has done in Europe with rail 
service between airports and proximate-cities. 
Finally, Amtrak has expressed an interest in 
becoming a contract operator of high-speed rail 
or maglev service, particularly if it inter­
connects existing city centers, Amtrak, or 
multimodal terminals.

U.S. Projects under 
Construction or Advanced 
Development
There are no maglev systems now operating in 
the United States. However, Maglev Transit 
Inc. proposes a project near Orlando that is 
most significant for the purpose of this report, 
because it involves a high-speed system capable 
of reaching at least 250 mph and would 
represent the first application worldwide of 
high-speed maglev technology in revenue 
passenger service. This system, based on West 
German technology produced by the Transrapid 
consortium, has undergone extensive testing at 
an experimental facility in Emsland, West 
Germany. The project, known as the Florida
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Maglev Demonstration Project, is a privately 
funded proposed line connecting Orlando 
Airport with a terminal at a nearby resort area.
It is expected to cost over $450 million to 
build and would provide non-stop service on a 
single track between two terminals 
approximately 14 miles apart. Construction is 
scheduled to start in 1990 or 1991, and 
operations as early as 1994. The Florida project 
is viewed by many, including the developers of 
the technology, as a first step toward the 
implementation of a full-scale intercity corridor 
project and as a demonstration that high-speed 
maglev technology can operate on a daily basis 
w ith a high degree of reliability. The 
Transrapid technology is the same as that 
proposed for service between Las Vegas and 
Southern California.

There are also two low-speed maglev projects 
under development in Las Vegas; one project is 
under construction and another is in the 
proposal stage. The first is a people-mover now 
under construction in downtown Las Vegas by 
Magnetic Transit Corporation of America, a 
subsidiary of AEG, a West German firm  involved 
with maglev technology. That project, 
privately funded, would result in a 1.3-mile 
system as its first phase. The Japanese HSST 
Corporation has proposed another 3.8-mile line 
in Las Vegas.

Current DOT Maglev-Related 
Activities
The Department's Statement o f National 
Transportation Policy, issued in March 1990, 
identified six major themes to guide U.S. 
national transportation policy and to establish 
the agenda to meet the nation's long-term 
needs. The FRA initiatives described in this 
section are in consonance with these themes, 
particularly that of advancing "U.S. trans­
portation technology and expertise for the 21st 
century."

FRA has broad authority over most aspects of 
maglev. The High-Speed Ground Transportation 
Act gives FRA authority to  conduct research, 
development, and demonstration of all forms of 
high-speed ground transportation, including 
maglev. The Rail Safety Improvement Act gives 
FRA responsibility to  regulate maglev safety.

As the agency responsible fo r the safety of 
maglev systems, FRA is involved in several 
maglev activities. FRA has initiated a major 
safety research and evaluation effort! Safety- 
related research on the West German Transrapid 
system, the system proposed for demonstration 
in Florida in the near future, is underway and is 
being accelerated so that work on safety 
standards does not impede implementation of 
the system. This work will evaluate the ade­
quacy of the existing West German safety stan­
dards for the maglev system, the compliance of 
the system with these standards, and the need 
for additional standards for operation in the 
United States.

This initial safety research focuses on Transrapid 
and attractive maglev technology because it  has 
been formally proposed for use in the United 
States. Repulsive levitation technology w ill 
also be covered by the FRA research. The FRA 
w ill work w ith the developers of maglev 
systems to  ensure that FRA safety standards are 
clear and timely and that they are incorporated 
into the system design.

DOT is also assisting the Florida High-Speed 
Rail Transportation Commission officials and 
the developers to  explore the environmental 
issues related to the proposed Florida maglev 
project. The FRA will serve as the lead agency 
for preparation of any Federally required envi­
ronmental documentation. This type of assis­
tance will be provided to other project sponsors 
and other State commissions as needed or 
requested.
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o f Magnetic Levitation

Chapter Two
The Current State 
Technology
Overview of Current 
Technology
The possibility of using magnetic forces to 
levitate vehicles has fascinated inventors for 
nearly a century, but only recently has the tech­
nology become practical fo r high-speed ground 
transportation. The original concept, proposed 
in the early 1900s, was based on the attraction 
of permanent magnets on a vehicle to 
ferromagnetic plates on a guideway. The con­
cept was determined impractical w ithout some 
way to control the magnetic fields for stabiliza­
tion. In 1933, Hermann Kemper, in Germany, 
mastered the control problem with the use of 
electromagnets so that a constant air gap could 
be maintained between the electromagnet and 
the ferromagnetic plate.

Maglev technology is used to accomplish three 
primary functions, as illustrated in Figure 1:
(1) levitation or suspension; (2) propulsion; 
and (3) guidance. Magnetic forces can perform 
each of these functions, although a non­
magnetic prime mover could be used for 
propulsion. Over the years, researchers have 
explored not only alternatives in the three 
functional areas but also various combinations 
of options in each functional area. There is no 
consensus within the engineering community, 
today, on an optimum design to perform each of 
the primary functions.

o
*5

Figure 1. The Three Primary Functions 
Basic to Maglev Technology

Suspension Systems
Current maglev research and development 
efforts have concluded that three types of 
systems can provide magnetic forces suitable for 
vehicle levitation: electromagnetic suspension 
(EMS), electrodynamic suspension (EDS), and 
permanent magnet suspension (PMS). The EMS 
and EDS systems are generally regarded as the 
most advanced for high-speed ground trans­
portation. With advances in permanent magnet 
materials, however, PMS may become a viable 
candidate fo r high-speed maglev applications.

Electromagnetic Suspension (EMS)
In the EMS, or attractive force maglev 
suspension system, electromagnets on the 
vehicle interact w ith ferromagnetic guideway 
rails. In the current application of the EMS 
concept, as shown in Figure 2, the vehicle 
underframe, which wraps around the guideway, 
draws the vehicle up (i.e., "attracts") to 
approximately 8 millimeters (3/8 inch) from the 
rails. Electromagnets located along the sides of 
the vehicle provide guidance.

The electromagnetic current must be controlled 
to keep the system stable. Otherwise, as the gap 
between the vehicle and the rail diminishes, 
the force of attraction between the vehicle 
electromagnets and the ferromagnetic guideway 
increases until the vehicle and the rail come
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together. An active gap-control system that 
incorporates an air-gap sensor is required to  
adjust the current through the electromagnets to 
maintain a constant air-gap distance between 
the guideway and the vehicle.

EMS was made practical by advances in elec­
tronic control systems, which control the air 
gap rapidly, and make higher speeds possible. 
Variations in payload weight, dynamic loads, 
and guideway irregularities are compensated for 
by adjusting the magnetic field according to 
vehicle/guideway gap measurements. With 
EMS, vehicles are able to levitate at zero speed. 
The current EMS design also includes a 
secondary suspension to ensure good ride 
quality.

EMS systems have been investigated in a number 
of countries, including Great Britain, West 
Germany, Japan, Romania, and the United 
States. In most cases, these research programs 
terminated long ago. However, West Germany 
and Japan have continued developing EMS sys­
tems over the past two decades.

The West German and Japanese EMS systems are 
now nearing commercial application. Only the 
West German system, Transrapid, however, is a 
high-speed system, capable of speeds of more 
than 250 mph. Transrapid has been developed 
by a consortium of West German companies 
with a combination of private funds and grants 
from the West German Ministry of Research and 
Technology.

Electrodynamic Suspension (EDS)
When a magnet moves relative to a surface 
or material that conducts electricity (a 
"conductor"), it generates an electric current in 
the conductor. EDS systems use this electromag­
netic phenomenon with superconducting mag­
nets (SCMs) on the vehicle interacting with 
guideway conductive sheets or coils. The cur­
rent induced in the guideway reacts w ith the 
original field to repel the magnet (i.e. the 
vehicle). EDS is usually referred to as repulsive 
force maglev. This technique has progressed as 
a practical concept with advances in supercon­
ducting magnet technology along with 
cryogenic (cooling system) technology needed 
to keep the materials at a temperature low 
enough to permit the superconducting effect. 
Two Americans, Dr. Gordon Danby and Dr. James 
Powell, both of the Brookhaven National 
Laboratory, proposed and designed the first EDS 
system concept in 1966.

In the current application of the EDS concept, 
the induced current in the conducting guideway 
suspends the vehicle 10 centimeters (4 inches) 
or more above the guideway, as shown in Figure 
3. With EDS, as distance between vehicle and 
guideway decreases, the magnetic repelling 
force increases, making the system inherently 
stable. However, since the superconducting 
magnets must move with respect to the 
conducting plane to  generate the repelling 
force, the EDS w ill not levitate at speeds below 
40 km/h per hour (25 mph). Therefore, the 
vehicle must be equipped with wheels for 
"takeoff" and "landing." Its low stiffness, or 
soft suspension, may make it necessary to 
provide an active damping control system for 
stabilization to  meet ride-quality standards.

As noted above, the EDS system uses SCMs. A 
superconductor is a material that offers no resis­
tance to the flow  of electricity, thus permitting 
transmission of strong, constant current, w ith ­
out loss of energy in the form of heat. In the 
past, materials used as superconductors had to be 
cooled to the vicinity of absolute zero (-459.7 
degrees Fahrenheit or -273.2 degrees Centi­
grade) to achieve superconductivity, requiring 
the use of liquid helium as a cooling medium. 
Recently, scientists have found materials in 
which superconductivity can be achieved at 
higher temperatures, allowing the use of liquid 
nitrogen, a far cheaper and easier substance to 
handle. While not yet perfected for use in 
maglev systems, the availability of higher tem­
perature superconducting materials would 
enhance the economics of EDS technology and 
may find applications in EMS-type systems as 
w e ll.
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Under the direction of the Japanese Railway 
Technical Research Institute (RTRI), which took 
over design responsibility from  Japanese 
National Railways (JNR) in 1987, Japan has 
used the EDS approach in developing designs 
for its superconducting trains. The initial 
Japanese efforts were funded by the national 
government. National and local governments, 
as well as the newly privatized railroads, are 
funding the current efforts.

Permanent Magnet Suspension 
(PMS)
PMS may be configured as either attractive or 
repulsive maglev, using permanent magnets 
instead of electromagnets or superconducting 
magnets. In a PMS system, magnets on the 
vehicle interact w ith  either guideway perma­
nent magnets, guideway ferromagnetic rails, or 
induced current in guideway conductive sheets 
or coils. Recent improvements in permanent 
magnet materials and progress in developing 
superconducting permanent magnets have 
increased the potential for their use. The use of 
PMS for low- to medium-speed revenue-service 
maglev has been developed by West Germany's 
Magnetbahn Gmb H (M-Bahn), a subsidiary of 
AEG, Frankfurt. Additional PMS systems have 
been proposed that would extend the upper 
speed range of PMS maglev. At this time, how­
ever, PMS systems do not offer the potential for 
the relatively high speeds being achieved with 
the EMS and EDS suspension systems.

Propulsion System Options
Maglev propulsion schemes fall into three 
classes: (1) the on-board prime mover; (2) the 
"short-stator" (vehicle-mounted) linear motor 
powered by wayside electric power rails or 
lines; and (3) the "long-stator" (guideway- 
mounted) linear motor powered by an electrical 
guideway. The on-board prime mover (motor 
and energy source onboard the vehicle) offers 
the most straightforward solution to propulsion 
but results in heavy vehicles and reduced oper­
ating efficiency because of the weight of the 
on-board energy source. Prime movers, such as 
gas turbine or turbo-prop engines, might be 
noisy and, in most cases, would require on-board 
fuel, which could present safety and emission 
control problems. Prime movers also could 
entail substantially higher maintenance costs 
because of engine complexities.

Propulsion using short-stator design and either a 
single-sided or double-sided linear-induction 
motor (LIM) in the vehicle, on-board electro­
magnetics, and a passive guideway, compared 
with systems using propulsion mounted on the 
guideway, has greater promise because of its 
comparatively lower guideway cost. Presently, 
this saving is offset by the need for wayside 
power pickup, higher vehicle weight, greater 
energy consumption, and higher operating costs 
compared with the long-stator system. The 
HSST Corporation of Japan operated a short- 
stator maglev in Yokohama at speeds from 0-80 
km/h (0-50 mph). A German-French consortium, 
formed to develop the STARLIM, a maglev 
system combining EMS suspension w ith LIM 
propulsion, illustrates the continued interest in 
the short-stator system.

Long-stator propulsion w ith  an active 
(powered) guideway appears to be the most 
favored option for high-speed maglev today. It 
is also the most expensive because of its higher 
guideway construction costs. However, it  has 
the advantage of reduced vehicle weight and 
increased vehicle payload efficiency. West 
Germany and Japan use the long-stator motor for 
their high-speed maglev propulsion systems.

Guidance Systems
Guidance or steering refers to the sideward 
forces that are required to make the vehicle fol­
low the curves and straightaways of the guide­
way. The necessary forces are supplied in an 
analogous fashion to the suspension forces, 
either attractive or repulsive. The same magnets 
on board the vehicle which supply lift can be 
used concurrently for guidance, or separate 
guidance magnets can be used.

Drs. Danby and Powell developed the "null- 
flux" concept, which has important implica­
tions for vertical and lateral vehicle stabiliza­
tion. In its present application, the null-flux 
system uses figure-eight coils attached to the 
guideway, which interact w ith magnetic fields 
produced by the vehicle's superconducting mag­
nets to support the vehicle, maintain its align­
ment, and ensure its stability. This concept has 
been incorporated into the design of the 
Japanese high-speed maglev system.
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Chapter Three
Technical Feasibility
The preliminary analysis conducted to date sug­
gests that the use of maglev in the United 
States is technically feasible. However, no firm 
conclusions can be drawn regarding the appro­
priate U.S. role in future maglev development 
until further detailed analysis can be conducted. 
This chapter addresses the opportunities for U.S. 
maglev technology development and the tech­
nical issues requiring further study that influ­
ence these U.S. development opportunities.

Both the EMS and EDS systems appear suitable 
for U.S. application. At the current level of 
development, EMS appears to have several 
advantages, including a high-speed prototype 
demonstrating good ride quality, off-line 
switching capability, and very low magnetic 
field levels. It has operated safely during a 
long prototype testing program and appears 
ready to be implemented. There is more 
experience with ride quality and switching 
capability on the EMS system. However, EMS 
vehicles are heavier than EDS vehicles and 
appear to require more power per seat-mile.
Also the smaller maximum separation between 
vehicle and guideway of the EMS requires more 
precise guideway alignment and vehicle 
control, potentially leading to higher cost.
The current designs of both systems use long- 
stator motors, which employ an actively 
powered guideway. Both systems are very 
promising, but more research is required to 
determine which, if either, would offer the 
better basis for development of a U.S. system.

Magneplane should also be considered for fur­
ther study. It uses an EDS system, but based on 
cylindrical geometry, it is designed to roll 
about its main axis, stabilized by a magnetic 
keel which, its proponents say, will allow it to 
negotiate curves effectively. With Magne­
plane, the superconductor could be a hollow 
tube with coolant in the middle which, in turn, 
could lead to a more efficient cooling/ 
conducting system.

Among the maglev system concepts already 
developed, the German Transrapid system is the 
closest to commercial implementation. It is 
possible, however, that a less developed system, 
or even one that is yet to be proposed, will turn 
out to possess the best combination of perfor­
mance and economics for use in the United

States. Even if a demonstration Transrapid 
system is built, it does not preclude the possi­
bility that a second- or third-generation maglev 
design would become the predominant system 
in the United States and elsewhere. The use of 
common intermodal terminals would make the 
use of one system design less critical.

U.S. Maglev Technology 
Development Opportunities
Many opportunities exist for further develop­
ment of maglev technology that could result in 
significant increases in technical effectiveness. 
Unless otherwise indicated, these opportunities 
are common to both EMS (e.g., German 
Transrapid) and EDS (e.g., Japanese Railway 
Technical Research Institute) systems.

Guideway Structure
Fixed facilities account fo r about 90 percent of 
total maglev capital costs (exclusive of land). 
The guideway structure represents, by far, the 
largest single element, perhaps 70 percent, of 
these fixed-facility costs. In a recent maglev 
forum of Government and industry officials 
(May 2-3), several ideas were presented for 
improved materials and designs for the beams 
and foundations that comprise an elevated 
guideway. Additionally, new, stronger, and 
lighter space-age construction materials, new 
computer-aided design and manufacturing 
procedures, and new ideas for lighter weight 
vehicles versus those built in Germany and 
Japan could have a major influence in reducing 
guideway costs. Any significant reduction in 
these costs would have a proportional effect on 
maglev economics.

Right-of-Way
Because the United States has already invested 
in an extensive network of Interstate and other 
highways and the railroads have developed 
privately financed railroad lines linking major 
population centers, there are many routes 
between major points that potentially could be 
served by maglev systems. The opportunity 
exists for employing these existing rights-of- 
way and air rights for a dual purpose w ithout 
interfering unduly w ith their original function.
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The potential fo r using existing rights-of-way, 
however, requires further investigation.
Interstate highways were designed for maximum 
speeds of 70 mph and have curves and 
clearances that may not be suitable for higher 
maglev speeds. Similar issues confront the use 
of railroad rights-of-way.

An evaluation of the practicality of using 
existing rights-of-way should be conducted.
The study should assess not only the engineer­
ing but also the practical implications of con­
structing and operating maglev alternatives on 
existing rights-of-way to  evaluate which 
systems are best suited for such applications.
This assessment must consider the speed limita­
tions related to alignment; the financial and 
aesthetic effects of locating an elevated 
maglev on the existing rights-of-way; and the 
compatibility of maglev systems w ith their 
existing users, in particular, compatibility w ith 
motor-vehicle operations or conventional 
railroads.

Propulsion System Innovations
The windings of the long-stator motor 
employed by the German Transrapid and 
Japanese EDS maglev systems run the length of 
the guidewa^ and are a major element of system 
cost. Significant opportunities may exist for 
reducing this cost through improved magnetic 
design of both the vehicle magnets and the 
guideway windings.

Alternative propulsion concepts using on-board 
prime movers such as the ducted turbofan engine 
or short-stator LIM might reduce capital cost. 
Ways must be found to mitigate the 
environmental effects and safety issues of the 
fan, to reduce LIM weight problems and to 
control vehicle operating and maintenance 
costs.

High-Temperature
Superconducting Magnets
Although low-temperature superconductors do 
not pose the feasibility problems that were 
expected before the Japanese made significant 
strides in cryogenic systems, high-temperature 
superconductors would likely be used in EDS 
systems when they become available. Hence, 
maglev technology represents a very important 
potential commercial market for these materials. 
Economic feasibility of maglev systems could 
be enhanced by the availability of high- 
temperature superconductors.

Magnetic Field Exposure
EDS maglev systems employ large magnetic 
fields to suspend the vehicle. Although static^ 
magnetic fields have not been shown to pose 
any health hazard, the issue is not closed and 
could affect the feasibility of certain maglev 
designs. Magnetic fields can be reduced to 
inconsequential levels by magnetic shields, but 
the shields are complex and add weight. At the 
Government/industry maglev forum, a design 
concept was presented for efficient magnets 
that confine the magnetic field to the suspen­
sion region w ith minimal shielding.

Improved Stabilization
Passenger comfort is essential for consumer 
acceptance and to assure that maglev systems 
win and keep a sizable share of the transporta­
tion market. Further study should be devoted to 
identifying efficient systems fo r reducing verti­
cal and lateral accelerations experienced by pas­
sengers. Consumer reactions to these forces also 
need to be better understood. EDS systems 
present the opportunity for substantial 
improvements in this area.

Better Cryogenic Systems
An efficient cryogenic system is one of the key 
elements in advancing the EDS technology.
Lack of a suitable low-temperature lubricant 
causes excessive component wear in current 
compressors, and compressor life is regarded as 
unacceptably short. There appears to be an 
opportunity to improve the reliability and/or to 
reduce the cost of the existing helium compres­
sors used in these systems.

Maglev Technology Spinoff
Maglev appears to offer significant opportuni­
ties to advance other high-technology indus­
tries in this country. Although quantifying the 
external investment benefits of a new technol­
ogy is elusive and estimates of these benefits 
are beyond the scope of this report, maglev 
technology spinoffs will influence other U.S. 
industries. Improvements in semiconductors for 
maglev power delivery could find applications 
in power plants and other transportation 
systems. Advances in computer-integrated 
design, fabrication, and assembly of maglev 
vehicles and guideways could be translated to 
other industries. If an EDS system is favored, 
significant advances in superconductivity and 
its commercial applications can be expected—  
in computers, advanced electronics, medical
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diagnosis, electric motors, and magnetic 
separators.

Operational Considerations
The ability to  switch vehicles safely at high 
speeds and the related possibility of serving 
intermediate stations w ithout impeding traffic 
on the main line can greatly increase the attrac­
tiveness of maglev systems, compared to air ser­
vice. For U.S. maglev systems, high-speed 
switching appears to  be one of the most impor­
tant operating challenges, but switches are also 
among the least developed components, 
particularly fo r EDS.

Some argue that a U.S. maglev system should 
depart from traditional high-capacity, multicar 
trains used in conventional high-speed rail 
systems that serve a limited number of interme­
diate points. The alternative is a system that 
has frequent— to a large extent— non-stop 
service by single cars to  many more origins and 
destinations. Such a change would have major 
implications fo r system design. The high- 
capacity design would require a guideway 
capable of supporting heavier car loads but 
would have a lim ited network of these guide- 
ways. The guideway fo r the single-car concept 
may not need to be as strong (and expensive) 
because of its lighter loadings, but additional 
miles of guideway would be required to serve a 
greater number of points off the main line. 
Further study is needed to establish the relative 
desirability and effectiveness of these 
approaches.

Its high surface speeds, system capacity and 
competitive trip  times are the major attractions 
of maglev. The sensitivity of maglev ridership 
to different speeds and the door-to-door trip­
time capability of different maglev designs 
must be analyzed. Similarly, the implications of 
high speed on concerns such as energy 
consumption and aerodynamic noise must also 
be examined.

Safety and Reliability
Safety and reliability are not so much opportu­
nities as they are absolute requirements in any 
new system that hopes to compete with other 
forms of transportation. The Transrapid devel­
opers, fo r example, have taken elaborate steps to 
assure safety. The zero fatality records of the 
25-year-old Japanese bullet train and the nine- 
year-old r 'ench TCV-train on exclusively high­
speed tracks are testimony to the care given to

safety of high-speed ground transportation 
systems. The U.S. effort must be able to demon­
strate to the public that safety and reliability 
are inherent features and that safety is an over­
riding requirement in the design process.

To this end, the FRA is already taking steps to 
assure the safety of existing maglev systems 
through research and test monitoring that will 
lead to the development of regulations. In 
addition, as part of any future research and 
development on a U.S.-maglev system, particular 
attention will be given to the safety of control 
systems; emergency egress; fire and other hazard 
detection; vehicle and guideway maintenance 
standards; and other safety-related issues. In 
other words, safety will be designed into the 
system from the start.

Development Strategies
Several options and approaches regarding 
development strategies are already evident.
The maglev industry is in its late infancy and 
many opportunities exist to participate in its 
further development. The potential also exists 
for U.S. industry to play a leadership role in that 
development.

Two principal options must be considered in 
deciding how the United States m ight exploit 
maglev-development opportunities. The first is 
for the United States to proceed rapidly on its 
own with a new design attempting to leapfrog 
existing technology. The second involves a 
commercial arrangement or jo int venture with 
the overseas developers of an existing maglev 
system that would permit incremental 
improvements. A significant sector of industry 
believes that improving on existing maglev 
technology and focusing on the aspects that 
most affect mass production cost— the guideway 
and associated construction technologies— is 
more prudent than "re-inventing the wheel." 
Other opportunities may become apparent as 
research in advanced American maglev systems 
progresses.

A third approach is to im port systems from 
Germany or Japan. This approach has certain 
advantages, including earlier implementation 
and low financial risks. The downside is that
U.S. participation would be as a contractor and 
customer w ith few of the advantages of a 
partner/owner. Moreover, the U.S. could miss out 
on many of the technical spinoffs and benefits 
from the continuing development of maglev 
vehicles and high-technology guideway
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equipment such as linear motors and power 
supplies. However, the U.S. construction 
industry would still benefit from increased 
construction activity.

While an evaluation of these alternative devel­
opment strategies is clearly required, they must 
also be viewed in the contextual framework of 
U.S. industry capabilities, availability of 
industry resources, and industry willingness to 
participate in maglev technology development. 
U.S. industry believes that the market is too 
uncertain to warrant spending its very scarce 
research and development funds or to commit 
significant resources to cost sharing. Measures 
to support U.S. leadership in maglev technology 
and to stimulate industry involvement are the 
subject of Chapter Five.

Technical Issues Requiring 
Further Investigation
The President's Fiscal Year 1991 budget request 
identified a need for further studies on maglev 
technical feasibility. Of the many areas 
highlighted, seven issues warranting further 
investigation are listed below:

• Whichever approach is ultimately selected, 
an aggressive effort is needed to evaluate 
and develop options for reducing guideway 
costs. A reduction in guideway structure 
costs would have a proportionate impact on 
the financial viability of maglev systems 
since such costs represent a large percentage 
of capital costs. This research effort should 
consider improved, lighter materials, and 
designs for beams and foundations.
Innovative design, fabrication, and construc­
tion methods should also be considered.

• A comprehensive study is needed of the 
design and construction of maglev systems 
using existing rights-of-way. The study 
should examine physical compatibility as 
well as human factors related to the limits of 
such usage.

• Alternative propulsion options should be 
studied. The pros and cons of using the 
short-stator motor should be included as an 
im portant aspect of this analysis.

•  Operational considerations should be ana­
lyzed to determine which configurations of 
maglev systems are suitable for the United 
States, addressing such issues as vehicle con­
figuration and service frequency. The impact 
of on-line versus off-line stations should be 
one focus of the analysis.

• Operating speeds should be examined to 
assess trade-offs between achieving shorter 
trip time versus higher costs. Other pertinent 
factors such as energy consumption, the envi­
ronment, and the ultimate transportation 
advantages to be gained by an investment in 
maglev should also be examined.

• Magnetic fields produced by superconducting 
EDS systems decline rapidly w ith  distance, 
but fringing fields can reach the passenger 
compartment. These fields can be reduced 
w ith shields, but shields are complex and 
add weight. Both the techniques for design­
ing efficient magnet configurations, which 
confine the fields to the suspension com­
partments and do not reach passenger areas, 
and materials for shielding passenger­
carrying areas should be studied.

• A detailed study is needed on the approach 
to the development program and the devel­
opment of the technology itself. Alter­
native approaches to a maglev development 
program should be evaluated on the basis of 
the potential costs and benefits to the 
United States. There is much to  be said for a 
program leap-frogging existing technologies, 
but leap-frogging is only one of three 
options that should be evaluated. The 
second option would involve an arrangement 
w ith the developers of existing prototypes 
that would permit incremental improve­
ments. The third option is to  im port exist­
ing maglev systems from Germany or Japan 
fo r implementation.
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Chapter Four
Economic Feasibility
Maglev can find a variety of applications for 
moving people and packages in the United 
States, using one or more of the potential 
technologies and a variety of configurations to 
serve different markets. Cost and performance 
characteristics combined w ith demand and 
financing considerations w ill be critical 
elements in determining the course of maglev 
development.

Maglev technology could be used for 
specialized low-speed people movers, urban 
rapid transit systems, or high-speed intercity 
ground transportation. At the high-speed end 
of the spectrum, with speeds that can exceed 
300 mph, maglev could be used to serve markets 
where commercial travel is dominated by airline 
service.

High-speed maglev systems can be used in the 
fo llow ing configurations:

• Intercity corridor services of 100 to more than 
500 miles between end points serving 
metropolitan areas along a single route with 
stations at selected points in downtown 
multimodal terminal or suburban activity 
center locations.

• Intercity corridor/airport services, similar to 
intercity corridor, but w ith stations or 
branches serving selected airports.

• Intercity networks. Combinations of 
intercity corridors serving downtown 
locations, suburban locations, and selected 
airports, w ith service provided between any 
two stations in the network.

• Short-distance connections. Connections 
between a downtown terminal and a major 
suburban center, between a downtown 
multimodal terminal and an airport, or 
connecting airports in the same metropolitan 
area. (This concept is not analyzed in this 
report, but has been proposed in several U.S. 
locations including Orlando and Pittsburgh.)

Since the emphasis in this report is on high­
speed maglev systems, the analysis of economic 
feasibility concentrates on intercity and airport 
network applications, where longer distances 
between most stations permit maglev to take

advantage of its higher speeds. Such systems 
offer the potential to improve dramatically 
intercity mobility in certain markets.

Previous U.S. Studies
One indication of potential economic 
feasibility in the United States comes from 
previous studies. These studies have focused 
almost entirely on intercity corridor systems. 
Examples of intercity corridors for which 
maglev has been considered include:

' V. Las Vegas/Southern California 

. Miami/Orlando/Tampa 

Fort Worth/Dallas/Houston 

; Cleveland/Columbus/Cincinnati 

Philadelphia/Pittsburgh 

Chicago/Detroit 

Vancouver/Seattle/Portland

In these studies, conducted between 1982 and 
1988, maglev systems and high-speed rail sys­
tems were evaluated in terms of performance, 
net operating revenues, and capital-cost cover­
age. Generally, all these studies concluded that 
both maglev and high-speed rail revenues can 
cover operating costs and contribute to capital- 
cost amortization in varying degrees, although 
they may not necessarily achieve complete 
capital-cost coverage. Until recently, maglev . 
technology had not been considered ready for 
implementation. Consequently, most of the 
studies factored this view into the 
recommendations.

Among the U.S. corridor applications, the Las 
Vegas/Southern California corridor has given 
the most detailed and lengthy consideration to 
maglev. The final report on this corridor, 
published in 1986, included consideration of 
both maglev and high-speed rail, using the 
German Transrapid and the French TGV 
technologies, respectively, as specific 
examples. The report concluded that, in both 
cases, revenues would be sufficient to cover 
operating and capital costs. Since that time, a 
bistate commission was established to conduct
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a franchise competition process involving 
potential applications based on maglev tech­
nology or high-speed rail. Three consortia have 
expressed major interest. The Bechtel 
Corporation has publicly stated that it 
considers Transrapid a finished product and that 
it w ill bid for the franchise on the basis of 
Transrapid maglev technology.

The final report of the feasibility study fo r the 
Philadelphia/Pittsburgh corridor, prepared by a 
State commission, recommended a maglev 
system linking Pittsburgh and Harrisburg, with 
transfers to an improved rail-line connecting 
w ith  Philadelphia.

More recently, Maglev, Inc., an organization 
led by Carnegie Mellon University and a group 
of Pittsburgh-area industries and organizations, 
conducted a feasibility study on starting a 
maglev supply industry in the area and building 
a regional maglev system, beginning w ith a 
demonstration project connecting the airport 
w ith a downtown multimodal terminal. The 
group determined that although the demon­
stration project would not pay all capital and 
operating expenses from farebox revenues, the 
group would pursue the overall project because 
of the U.S. potential for maglev and its poten­
tial contribution to economic growth in the 
Pittsburgh area.

Economic Analysis of U.S. 
Maglev Potential
This analysis includes a broad look at the 
potential economic feasibility of maglev 
systems, including the broad economic 
implications as well as the financial feasibility 
of development, construction, and operation of 
maglev systems. The analysis considers whether 
it is likely that project revenues from users over 
the long term will cover projected costs. Some 
projects may also be considered feasible if 
initial development and capital costs are offset 
in part by public-sector contributions which 
may be shown to be justified by public 
benefits. Both types of results are discussed—  
projects estimated to cover all their costs and 
those needing public-sector support.

External benefits considered in this report 
include anticipated environmental advantages 
of maglev, reduced dependence on petroleum- 
based fuel, and avoidance of the cost and 
disruption of expanding the facilities of other 
transportation modes. Other benefits of 
investment in maglev technology include 
technological spinoff in to other industries

benefiting from  maglev research and 
development.

The principal questions addressed by the 
analysis were:

•  What is the extent of possible maglev routes 
where net passenger revenues (i.e., net o f 
operating costs) are likely to be sufficient to 
finance total capital costs?

•  Where capital costs cannot be financed by 
net passenger revenues, are there external 
benefits on some routes that may justify 
public financing of capital costs?

To answer these questions, city-pair markets 
generally less than 500 miles apart and with 
heavy air travel were identified, hypothetical 
maglev networks were assumed to serve these 
markets, and the future travel between these 
cities and the future maglev market share were 
estimated based on the service characteristics of 
maglev versus competing transportation modes. 
Costs, revenues, and public benefits associated 
with each portion of the network were 
calculated and compared. Revenues and costs 
are in 1988 dollars.

The analysis did not attempt to quantify non­
user revenues such as from value-capture of 
adjacent land development or from impact fees 
levied on nearby property owners to finance a 
maglev project. For example, in Florida, 
financing the proposed 325-mile high-speed 
rail system linking Miami, Orlando, and Tampa 
will depend largely on revenues from real estate 
development related to the rail project. 
Revenues derived from commercial development 
near multimodal terminals could make a project 
profitable, even if the project could not 
generate sufficient revenues from the project 
fares to cover the capital and operating costs.

This report does not contain an analysis of 
maglev versus high-speed rail or other solutions 
for intercity transportation. This will be left to 
later studies.

The factors considered and the assumptions used 
in the analysis are summarized briefly in the 
fo llow ing sections.

Maglev Markets Considered
Primary consideration was given to earlier 
described city pairs. Additional city pairs were 
considered for hypothetical maglev service, 
including certain markets recently studied for
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v the feasibility of high-speed rail service, and 
several other im portant regional air travel 
markets. This initial list formed the basis for 
constructing routes or networks permitting 
maglev travel between hypothetical station 
pairs, including major hub airports. The 
networks analyzed in this process are shown in 
Figure 4 as solid lines.

The projections in the report cover only 
regional systems, since maglev systems are most 
likely to evolve on a corridor or regional basis. 
In the longer term, it may be desirable to link 
these regional networks. Both the Interstate 
Highway system and the Nation's airport system 
are examples of infrastructures built largely by 
the public sector, but effectively financed by 
fees raised from users— essentially private 
companies and their customers (passengers and 
shippers) and automobile and truck owners, 
w ith some Federal general-fund contributions.

In the long term, an even more extensive system 
of national scope m ight be possible. A more 
careful study would be needed to determine 
routings and priorities.

Future passenger travel in each market was 
projected on the basis of population and 
income growth forecasts. Maglev's market share 
was estimated using a technique based on relat­
ing the market share of each mode to the 
relative attractiveness of the service provided.
A detailed discussion of passenger forecasts is 
provided in Chapter IV and Appendix IV-A of 
the Report Supplement.

Future Maglev Revenues and 
Costs
It was assumed that average maglev fare in any 
given city pair would be the same as the 1988 
average airline fare, that is, the average fare

EXAMPLES OF MAGLEV NETWORKS

Figure 4. Examples of Maglev Networks
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taking into account all the discount fares used 
by air travelers. To estimate revenue, the fare in 
each market (average 1988 airline fare) was 
multiplied by the number of estimated maglev 
passengers in that market.

Operating and Maintenance Costs
The assumptions used in this report on maglev 
operation and maintenance cost were taken from 
reports prepared by the Canadian Institute of 
Guided Ground Transport (CIGGT), under 
contract to the Department of Super-Speed Train 
Development, City of Las Vegas, Nevada. An 
assumption of 5 cents per passenger-mile was 
used. A detailed discussion of these costs is 
included in the Report Supplement.

Capital Costs
High-speed ground transportation systems are 
very capital-intensive, particularly in terms of 
the cost of fixed facilities. It is extremely 
difficult to project the capital costs of a tech­
nology that has not yet been developed, such as 
a maglev system based on a U.S.-designed and 
built product. As a starting point, cost esti­
mates furnished by West Germany's Transrapid 
International and independently derived 
estimates of the cost of certain guideway 
components were used to estimate capital costs. 
Two points must be emphasized:

• Capital costs— especially guideway costs—  
are highly dependent on the location of 
particular projects, the nature of the terrain 
and soil conditions, and the degree of 
urbanization.

• The cost of a U.S.-designed system could be 
significantly different from the cost based 
on the existing technology. Specifically, a 
major emphasis is likely to be placed on 
ways of reducing the guideway costs in any 
U.S. development program, and this could 
reduce the capital costs significantly.

Fixed Facilities Costs
For most potential maglev corridors, a fixed- 
facility cost of $16.5 million per mile was 
used, assuming a single-track guideway and 
including passing sidings sufficient to accom­
modate headways of one-half hour between 
vehicles in each direction. In maglev routes of 
about 850 miles in length— primarily in the 
Northeast Corridor and on the West Coast— a 
double-guideway would be needed if departures 
were scheduled at less than half-hour intervals 
in the first year of operation. On these routes,

fixed facilities would cost an estimated $30 
million per route-mile, reflecting the cost of a 
double guideway. Along another 780 miles of 
route, a double guideway would probably be 
required during a 30-year period after the first 
year of operation. This cost was taken into 
account in the calculation by adding the 
incremental cost of the second guideway at a 
future point and calculating the net present 
value of that cost.

Vehicle Costs
Information provided by Transrapid shows the 
cost of an 80-seat vehicle would be approxi­
mately $3.6 million. The report's calculations 
(described in the Report Supplement) estimate 
that w ith a 63 percent load-factor (typical of 
Metroliners and domestic air carriers), such a 
vehicle could produce about 26.4 million 
passenger-miles per year. The report calculates 
vehicle cost by dividing passenger-miles by 
26.4 million, then multiplying by $3.6 
million, and adding a factor to reflect the net 
present value of future vehicle capacity over a 
30-year project life. For most highly used 
routes, the vehicle capital cost represents only 
about 11 percent of total capital cost. For less 
heavily used routes, the percentage of capital 
cost is less.

Land Costs
Land costs have not been explicitly included in 
the analysis because, more so than guideway 
costs, land costs are highly dependent on the 
particular routing, including the extent to 
which it is possible to  use existing rights-of- 
way at little or no cost. Use of Interstate and 
other highway rights-of-way for maglev systems 
has been advocated as a way to minimize the 
amount of new rights-of-way and the cost 
required to construct a maglev system, and to 
avoid environmental disruption that could 
result from the creation of a new transportation 
corridor. Many Interstate highways were built 
on rights-of-way that included margins of land 
between the edge of the roadway and the right- 
of-way boundary sufficient to accommodate a 
maglev system. In some locations, however, 
such as rapidly growing urban areas, any 
originally unused rights-of-way have been 
committed to highway expansion or other 
transportation uses.

An analysis of the nature of Interstate rights-of- 
way in transportation corridors considered in 
this report showed that maglev systems 
confined exclusively to Interstate Highway 
alignments would in many cases suffer serious
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speed penalties because of the presence of 
curves.

A hypothetical 60-foot-wide double track 
maglev corridor equals approximately 7.5 acres 
per mile. A cost of $10,000 per acre (a very 
high figure fo r strictly agricultural property) 
equates to only $75,000 per mile, very low 
compared to fixed-facility and vehicle costs. 
Exurban/suburban values of $100,000 per acre 
for raw land would still equate to only 
$750,000 per mile, or less than 5 percent of 
fixed facility costs. Estimating the cost of 
acquiring improved property in an urban setting 
is a case-by-case matter. In general, the domi­
nant force regarding right-of-way costs in urban 
areas will be the presence or proximity of build­
ings, not the land area to be acquired.

Where the alignment is appropriate, existing 
rights-of-way could lim it the need for new 
right-of-way acquisition. However, the analysis 
emphasizes that decisions on right-of-way use 
can be made only on a case-by-case basis.

Public Benefits and Costs
The current reliance on highway and air travel 
results in substantial external costs: in the form 
of high energy consumption, land taken from 
other uses to  provide air and highway facilities, 
air pollution, and, in the case of highways, a 
relatively high rate of fatal accidents. Maglev 
service would also involve some external costs, 
such as new rights-of-way fo r guideways but, 
compared to air and highway transportation, the 
noise effects, air pollution (sulfur dioxide 
emissions at electricity generating facilities), 
and energy consumption would be minimal.

Taking into account traffic diverted from the air 
and highways, a passenger-mile of maglev use 
represents savings of about 2,100 British 
Thermal Units (BTUs) of energy. A maglev 
system comprised of routes whose estimated 
revenues would cover their estimated costs 
would save between 17.5 and 33.6 trillion 
BTUs of energy per year, depending on whether 
unfavorable or favorable assumptions were made 
in projecting revenues and costs. Since maglev 
energy is derived from  electricity, which is 
principally generated using non-petroleum 
fuels, the savings in petroleum  energy from 
diversions of highway and air travel would be 
45 to 86 trillion BTUs, or 7.7 to 14.8 million 
barrels of petroleum per year. Although this is a 
substantial amount, it  represents only a very 
small fraction of U.S. petroleum consumption.

For the same routes, a total of 58,000 to 
109,000 tons of carbon monoxide (CO) 
emissions per year would be eliminated. For 
nitrogen oxides and volatile organic 
compounds, the reductions from transportation 
sources would be from 14,300 to 27,500 and 
from 9,800 to 18,800 tons, respectively. These 
represent very small percentages of pollution 
from transportation sources. Regional or corridor 
impacts on fuel consumption and pollution are 
likely to be greater in percentage terms. Further 
research is needed to evaluate these issues.

Maglev links can reduce the need for some 
public spending fo r additional airport and 
highway capacity. Assuming that 15 percent of 
maglev passenger-miles are new, non-diverted 
trips and half of the remainder come from auto 
and the rest from air, this would represent a 
diversion of 3.5 to 6.8 billion passenger-miles 
from highways, and 20 to 38 million airport 
passengers. These auto diversions are estimated 
in this report to equate to the need to provide 
fewer highway lane miles, while the air- 
diversions could save money spent on airports. 
For the routes estimated to cover all capital and 
operating costs from fares, a one-time savings in 
capital investment costs (substantiated in the 
Report Supplement) were calculated at $3.5 to 
$7 billion.

The foregoing discussion pertains to public 
benefits associated w ith routes where revenues 
are estimated to be sufficient to cover operating 
costs and at least 100 percent of capital costs. 
Public benefits would be significantly greater 
if more extensive systems were built, such as all 
systems which covered operating costs and at 
least 50 percent of capital costs. Maglev 
passenger-miles on those routes would be about 
double the passenger-miles on routes that cover 
100 percent of costs from fares and public 
benefits would also be about twice as great.

Conclusions of the 
Economic Feasibility 
Assessment
The results of the economic and financial anal­
ysis need refinement, based on more precise 
answers to questions about markets, market 
share, future travel growth, costs, and 
technology. This caveat notwithstanding, the 
conclusion derived from  this preliminary 
analysis is that it  w ill be economically feasible 
to construct a limited number of commercial 
maglev systems in the United States, starting in
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this decade. The specific findings of the
analysis are:

• Relying solely on net user revenues, and 
assuming the availability of adequate rights- 
of-way at little or no cost, it appears possi­
ble to finance from 500 to 2,600 route-miles 
of maglev lines in the United States (w ith a 
total of 1,000 to 3,500 miles of single-track 
guideway and passing tracks) on a project-by- 
project basis, w ithout recourse to public 
finance, but assuming access to tax-free bond 
financing fo r a substantial portion of the 
capital. (See Chapter Five on the 
availability of tax-free bonds under current 
law.)

• The construction of these lines would 
represent $15.2 to $54.7 billion in fixed- 
facilities expenditures, including basic 
structures and the sophisticated support 
equipment needed to power and control 
the trains.

• About $1.2 to $3.2 billion in vehicles 
would be needed to carry passengers on these 
lines at the start of service. This amount 
would increase to  $1.8 to $5.2 billion over 
the initial 20-year period of operation, if 
only those lines estimated to cover 100 
percent of capital and operating costs from 
fares were built.

• Some form of external revenue generation, 
such as enhanced real estate value-capture or 
public financing, is needed for projects 
beyond this initial mileage. Based on the 
assumptions described earlier in this chapter, 
it  is estimated that about 1,500 to 5,000 
route miles (2,300 to 6,300 miles of single 
guideway) would yield enough net revenues 
to cover all operating costs and repay at least 
50 percent of capital costs. These projects 
would represent from $35 to $97 billion in 
fixed-facility expenditures and $2.3 to  $4.2 
billion in vehicles ($3.7 to $6.8 billion 
over 20 years).

• Substantial savings in public-sector 
infrastructure costs (reduced highway and 
airport capacity to serve increased travel 
demand) could be used to justify public 
investment in maglev projects.

•  Other significant public benefits accrue from 
reduced dependence on petroleum energy 
sources and reduced air pollution.

A sensitivity analysis of the findings to vary­
ing assumptions suggested the need to consider

a number of alternative future scenarios 
regarding cost and maglev service. The top and 
bottom ranges of route mileage estimated to 
cover all their costs from fares and of public 
benefits in the preceding discussion represent 
favorable and unfavorable assumptions— or 
scenarios— about costs and maglev traffic.

On the capital cost side, the results were not 
significantly sensitive to  variations in vehicle 
costs. This is understandable since vehicle 
costs represent only about 10 percent of capital 
costs. As to fixed-facility costs, it  is expected 
that improved construction methods will result 
in reduced construction costs. The estimates of 
capital costs did not include any cost for right- 
of-way acquisition or extraordinary structures 
such as tunnels. Such costs could more than 
offset the expected reduced cost attributed to 
improved construction methods, thus resulting 
in a significant increase in capital costs. If it 
is assumed that fixed facility costs are 25 
percent higher, total route-miles of maglev 
systems where estimated revenues cover at least 
100 percent of estimated capital and operating 
costs would fall from 850 (base scenario) to 
700 miles, and route-miles covering operating 
cost and 50 percent or greater of capital cost 
would be reduced from 3,000 miles to 2,500 
miles.

If the operating cost per passenger-mile were 
doubled, the total number of maglev system 
route-miles where revenues cover 100 percent of 
estimated capital and operating cost would be 
reduced to about 700 miles, or about the same as 
from increasing fixed costs by 25 percent.

By contrast, if land acquisition costs are held to 
an absolute minimum through the use of 
existing rights-of-way and improvements in 
construction methods perm it fixed-facility 
capital costs to be reduced by 25 percent, total 
route-miles where estimated revenues cover 100 
percent total estimated costs would rise from 
850 to 1,300 miles. Route-mileage at 50 
percent coverage would increase from 3,000 to 
3,700 miles.

For air and highway travel, it was assumed that 
short-distance travel times would be about the 
same in the future as they are today. Actual 
levels of congestion and future travel times are 
difficult to predict because of uncertainty about 
whether capacity can keep up w ith  growth, 
either through new construction, better man­
agement of existing capacity, or technological 
improvements. However, if 15 minutes were 
added at each end of an air trip  to reflect
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increased congestion in the air and/or increased 
congestion fo r ground access, and average 
highway speed were to be reduced from an 
assumed 50 mph to 45 mph for automobile trips, 
projects that cover 100 percent of capital costs 
would again increase to 1,300 miles.

As has been seen above, the amount of maglev 
service that would be considered commercially 
feasible varies depending on the assumptions 
used for future scenarios. The results are 
summarized in Table 1. In the unfavorable 
scenario (a 25 percent increase in fixed facility 
costs and doubled operating costs), the amount 
of service projected to cover all operating and 
maintenance costs decreases substantially, to 
less than 500 miles. Still another, more 
pessimistic, scenario can be constructed using 
the unfavorable assumptions and assuming that 
ridership is 25 percent below expectations. In 
that case even the best route segment would fall 
just short of covering costs.

On the favorable side, improved construction 
methods resulting in a 25 percent reduction in 
fixed-facility costs and increased air and 
highway congestion would result in a much 
larger self-sufficient network w ith dramatic 
increase in service coverage where estimated 
revenues cover either 50 percent or 100 percent 
of estimated capital costs. These results serve 
to underline the need for further technical and 
economic investigation to narrow the range of 
uncertainty.

Table 1.
Estimated Maglev Route-Miles
Covering Operating Costs Plus 

Different Percentages of Capital Costs

Recovery o f Unfavorable Base Favorable
Capital Cost* Scenario Scenario Scenario

100 percent <500 850 2,600

50 percent 1,500 3,000 5,000

* Excludes right-of-way costs

Economic Issues Requiring 
Further Investigation
During the course of this study, it  has become 
evident that there are numerous uncertainties 
involved in estimating costs, revenues, and 
other benefits. Before definitive conclusions 
can be drawn regarding maglev's economic 
feasibility, these uncertainties must be 
investigated. Areas for further research are 
described below.

•  More precise information is needed on travel 
patterns in high-volume markets and on 
traveler behavior. Of particular importance 
is improved data on automobile use. Better 
data are also needed on how consumers are 
expected to respond to a maglev system, 
including how responses differ according to 
socio-economic status and business versus 
non-business travel and how response to 
maglev would differ from response to high­
speed rail.

• Further analysis is needed on the maglev net­
work concept, including the possibility of a 
more extensive network, attracting trips 
between city pairs as much as 800 miles 
apart. Study is also needed of the dynamics 
of building a network over time and of how 
a maglev network can be incrementally 
connected to the existing air and surface 
transportation systems.

• Further analysis is needed on the cost of 
building and operating a more advanced 
maglev system and of how costs vary with 
specific design and performance criteria. 
Because of the importance of fixed-facility 
costs, a more detailed site-specific analysis 
should be undertaken with particular 
attention to the availability and suitability 
of Interstate Highway and other rights-of-way 
for maglev use in light of performance 
criteria and the likely cost of acquiring and 
building on alternative rights-of-way.
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Chapter Five
Measures to Promote U.S. Leadership in 
Maglev
Today, the leadership in maglev technological 
development belongs to West Germany and 
Japan. Building, in part, on technological 
advances funded by the FRA in the late 1960s 
and early 1970s and on concepts published by 
American scientists during the same period, the 
maglev development programs in both countries 
have advanced to the point of commercial 
application. West Germany is actively market­
ing its Transrapid system in the United States 
and ground may be broken later this year on a 
Transrapid maglev system near Orlando, Florida. 
Japan is in the final stages of its maglev sys­
tem, committing over $2 billion (U.S.) to con­
struct a segment that will later become part of a 
commercial maglev link between Tokyo and 
Osaka early in the 21st century.

It w ill be a great challenge for the United 
States to move to a position of world leader­
ship in maglev technology and its commercial 
applications. This is not to  say the task is 
impossible, because, as Chapter Three of this 
report shows, there are opportunities to develop 
a better maglev system than those currently 
available. This Nation's long history of scien­
tific and technological breakthroughs is evi­
dence that U.S. industry is capable of that 
development, but it  will not be an easy chal­
lenge to meet.

The FRA has held extensive discussions with 
companies that might be expected to partici­
pate in a maglev development program. In 
addition, FRA, together w ith  the U.S. Army 
Corps of Engineers and the Department of 
Energy, held a Government/industry forum in 
May 1990, to  discuss maglev development with 
a cross-section of the private sector interested 
in maglev development. In these discussions, 
the companies, representatives of the academic 
community, and potential developers of maglev 
systems expressed their opinions on what will 
be required if the United States is to assume a 
leadership role in maglev. A consistent, under­
lying theme of the suggestions that came from 
industry was that the Federal Government must 
make a major long-term commitment to maglev 
development. Suggestions as to how this 
commitment m ight manifest itself are the 
subject of this chapter. These suggestions can

generally be viewed as either issues involved in 
the research and development of a U.S.-based 
maglev technology or issues involved in the 
implementation of specific maglev systems.

Stimulating Maglev Research 
and Development
The American private sector has indicated its 
view that an extensive research and develop­
ment program is necessary if the United States is 
to assume a leadership role in maglev technol­
ogy. They indicated two efforts as important to 
a maglev development program: (1) removing 
barriers to carrying out a comprehensive public- 
private maglev research program; and (2) pro­
viding adequate funding for maglev research 
and development.

Removing Barriers to Maglev
Research and Development
The American private sector believes that there 
are significant legal and financial impediments 
to a program to develop a domestic maglev 
technology. These impediments are part of the 
"traditional" American way of doing business.
It will be up to Congress and the President to 
determine whether the potential for develop­
ment of maglev justifies the legislative 
changes needed to eliminate them.

Antitrust
Significant questions have arisen over whether 
traditional antitrust considerations of domestic 
market dominance and assurance of adequate 
competition have been stressed to the detriment 
of other issues relating to the United States' 
competitiveness in world markets. Of particular 
concern are the foreign industrial consortia that 
are encouraged— even subsidized— by their 
national governments to  develop and market 
advanced products such as maglev. The magni­
tude of the maglev challenge is such that it is 
unlikely that one company, acting alone, will 
be successful. However, under current law, 
industry consortia such as those engaged in the 
development of maglev overseas, would not be 
permitted in the United States.
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The Department is exploring options under the 
National Cooperative Research Act for 
promotion of jo in t research and development 
ventures consistent w ith  Administration policy.

Patents
Maglev development can benefit from public- 
private partnerships, w ith the public sector pro­
viding a long-term vision of a common goal 
and w ith the private sector supplying the cre­
ative energy. A primaiy concern in such 
arrangements is the ownership of intellectual 
property rights that m ight result from maglev 
research and the ability to profit from these 
rights. The Congress attempted to address this 
issue in the Stevenson-Wydler Technology 
Innovation Act of 1980; however, companies 
likely to become involved in a U.S.-maglev 
development program expressed serious 
reservations on this issue. They see the current 
arrangements concerning the ownership and 
exploitation of intellectual property as a disin­
centive to their involvement in a Federally 
sponsored maglev development program.

Financing Maglev Research and 
Development
Many people interested in the development of 
maglev systems in the United States look for the 
development of an American maglev technol­
ogy or, at the very least, an American improve­
ment of the existing foreign designs. While 
there are no firm cost estimates, such a devel­
opment program will be expensive. The Maglev 
Technology Advisory Committee's report to the 
Senate Committee on Environment and Public 
Works contained an estimate that it would take 
$750 million and six or seven years to develop 
a U.S.-based maglev technology.

Funding the development of maglev technol­
ogy in the private sector will be a challenge. 
Private investors must be confident that the 
market for products of research and development 
efforts will be sufficiently large and profitable 
to amortize the research and development costs, 
as well as recover carrying charges and provide a 
reasonable profit on the research and 
development investment in a reasonable period 
of time. However, the private sector does not 
have sufficient confidence in the potential size 
and timing of the maglev market to commit 
funds to  maglev research and development 
efforts and will look to the Federal Government 
for both leadership and funding.

Some States may contribute to the funding to 
ensure that technological spinoffs from the 
research would benefit those States in the form 
of a clean, technologically sophisticated indus­
try  and relatively high-paying skilled employ­
ment. As an example, Illinois has committed 
approximately $300,000 to the Argonne 
National Laboratory's efforts to develop a 
maglev research facility near Chicago. But the 
sums needed to  develop and test a maglev 
system are so vast that it  is unlikely that such 
efforts w ill make significant progress w ithout 
major involvement by the Federal Government.

The FRA's earlier maglev research activities 
were funded primarily through grants that 
covered most, if not all, costs. Such an arrange­
ment may not be appropriate for a major maglev 
effort today. This is not just because Federal 
funds are limited. There are real advantages to 
private sector involvement, primarily those 
associated w ith crafting a system that can meet 
the unique requirements of the American mar­
ketplace. If the United States is to become 
fully committed to  the development of maglev 
technologies and systems, one mechanism that 
should be considered is the formation of a 
Federally sponsored consortium of manufacturers 
and suppliers directed at common research and 
development goals.

Another possible way to undertake this devel­
opment is demonstrated by DOT'S Intelligent 
Vehicle Highway Systems (IVHS). In this effort, 
the Department is supporting cooperative 
ventures. One component of the effort is 
development of a state-of-the-art driving 
simulator, it is DOTs intention to encourage 
private industry, primarily the "big three" 
automakers, to contribute one-third of the 
approximately $30 million cost of producing 
the simulator. The arrangement under considera­
tion would be a cooperative agreement w ith a 
research facility (probably a university) and a 
contractor to manage the simulator.

Several pieces of legislation have been intro­
duced that attempt to address some of the issues 
associated w ith  Federal financial support for 
public-private partnerships undertaking maglev 
research and development. Under several of 
these measures, including the Administration's 
Water Resources Development Act of 1990, 
Federal agencies would be authorized to under­
take collaborative research and development 
w ith  non-Federal entities, including
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universities and industry organizations. 
Government funding may be 50 percent of the 
cost of each project.

As part of the advanced maglev analysis pro­
posed by FRA and the Corps of Engineers, the 
Federal agencies will determine the conditions 
and commitments that must exist to induce the 
private sector to undertake maglev research and 
development. From discussions held with cor­
porations that would be expected to play a 
major role in maglev development, one thing is 
clear: industry believes that the Federal 
Government must make a major long-term 
commitment to maglev development before the 
corporations w ill commit substantial amounts 
of their own resources. Several corporations 
have questioned the strength of the Federal 
commitment to maglev and pointed to other 
instances, such as Federally funded maglev 
research prior to 1975, when the Federal 
Government did not pursue ongoing research 
and development to a conclusion, but instead 
abruptly shut down an ongoing effort.

Facilitating Implementation 
of Specific Maglev 
Projects— Institutional and 
Regulatory Issues
A key to U.S. industry's leadership in the com­
mercial application of maglev technology is 
the presence of a domestic market for this tech­
nology. Specifically, U.S. industry leadership 
requires a market that will purchase this tech­
nology in sufficient quantity, and over a suffi­
ciently short time, to justify the investment of 
resources in the development of a U.S. maglev 
technology.

Essential to the development of a significant 
maglev market is the ability to address institu­
tional and regulatory issues that can delay or 
increase project costs, and the likely availabil­
ity  of project financing.

The FRA has had a long and close relationship 
w ith States and localities interested in promo­
ting high-speed ground transportation, as well 
w ith as private entrepreneurs interested in 
developing systems such as maglev. These 
States, localities, and entrepreneurs have 
expressed their beliefs that certain institutional 
and regulatory issues must be clarified before 
the transportation and commercial potential of 
maglev can be realized. The most important of 
these are summarized below.

Use of Interstate Highway 
Rights-of-Way
It has been suggested that capital needs for a 
maglev system could be reduced by using a por­
tion of the rights-of-way of Interstate and other 
highways. Aside from  the technical issue of 
whether this is feasible and the economic issue 
of whether this is cost-effective, there are 
important legal issues.

The most pressing legal concern is related to 
the cost of using the rights-of-way. Interstate 
and other Federal-aid highways are owned by 
the States in which they are located; however, 
the FHWA must approve any non-highway use of 
this property. Under existing law, the FHWA 
requires the States to obtain fair market value 
for any commercial use of the rights-of-way, 
such as private maglev systems, even if the State 
wishes to encourage its use by making the right- 
of-way available at little or no cost.

Legislation has been introduced in both houses 
of Congress which, if enacted into law, would 
require DOT to  issue regulations covering 
requests by states to permit maglev systems to 
use Interstate Highway rights-of-way. DOT has 
not taken a formal position on these bills at the 
time of this report (June 1990). It should be 
noted, however, that the bills did not address 
all the issues concerning maglev use of highway 
rights-of-way, such as the ability of States to 
offer use of the rights-of-way at little or no cost 
to commercial maglev systems as an inducement 
to the development of maglev.

Use of Railroad Rights-of-Way
Almost all railroad rights-of-way are privately 
owned. Use of such rights-of-way is, therefore, 
strictly a matter of negotiation between the 
maglev entity and the transportation entity 
owning the particular railroad right-of-way 
being considered.

Eminent Domain
Assembling transportation corridors often 
requires the use of the eminent domain powers 
of the State. (Federal eminent domain powers 
are almost never used for transportation pur­
poses.) In some States, the State constitution or 
State law provides eminent domain powers to 
railroads (which m ight also be conferred upon 
maglev systems). In other States, this power 
must be exercised directly by the State. In such 
cases, it could be possible for States to assist in 
the assembly of the maglev corridor right-of- 
way, but this m ight require special State
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legislation. This is an issue that FRA believes 
is best left to the specific States involved in 
encouraging high-speed ground transportation 
projects.

E co n o m ic  R e g u la tio n
Section 306 of the Rail Passenger Service Act 
exempts the National Railroad Passenger 
Corporation (Amtrak) from most provisions of 
Subtitle IV of 49 U.S.C., formerly known as the 
Interstate Commerce Act. Except for this spe­
cific exemption, the Interstate Commerce 
Commission (ICC) continues to have authority 
to regulate the interstate transportation of pas­
sengers by rail.

How this latent authority would affect maglev 
development in the United States is unclear. 
DOT'S recent National Transportation Policy 
Statement advocates eliminating all remaining 
ICC regulation of rail passenger service. This 
would include any ICC authority over maglev. 
The ICC could address this issue by granting an 
exemption from ICC regulation of passenger 
service. Alternatively, this elimination of 
authority could be accomplished legislatively.

Financing Implementation o f 
Maglev Projects
The FRA expects that specific maglev projects 
will be funded largely in the private sector 
with, perhaps, some assistance or financial 
inducements from State and local governments. 
High-speed rail projects proposed for Florida, 
Texas, California, and Nevada are planning this 
type of funding. The FRA does not foresee a 
major role for the Federal Government in 
providing direct financial support to specific 
maglev projects. Such a role would negate one 
of the important benefits of private-sector 
participation, the ability to assess profit 
potential successfully and balance profit 
potential against risks and uncertainties.

Two points must be emphasized concerning 
financing strategies. First, no single financing 
mechanism, in isolation, will meet all the 
financial needs to implement maglev systems; 
these are large-scale projects requiring multiple 
financing tools. Second, hybrid financial 
mechanisms may be necessary. Large maglev 
development projects, particularly if public/ 
private partnerships are involved, are likely to 
be "atypical." Creativity and careful planning 
are required.

P riv a te  S e c to r F in a n c in g
Chapter Four indicates that a number of maglev 
projects could potentially fund not only all 
capital and operating costs but also could gen­
erate a profit from fare revenues. Such projects 
could find financing through the traditional 
private-sector financing tools of equity 
investment and debt. Other projects would not 
be able to generate sufficient funds from 
farebox revenues to cover all costs and provide 
an adequate profit but these projects could still 
attract private sector financing by the addition 
of other incentives to private investment.

One way to improve the financial performance 
of a maglev project is to incorporate revenues 
from sources other than the operation of the 
transportation facility. These non-transporta­
tion revenues either can be a direct source of 
funds or can serve as security to raise financing 
through the issuance of debt instruments.
Perhaps the greatest potential revenue source in 
this regard is real estate development near 
stations on a maglev system.

Another way to increase the effective yield and, 
therefore, the relative attractiveness of an 
investment, is the use of tax-exempt financing. 
Depending on their availability, the use of tax- 
exempt financing tools could be part of the 
financing package for many maglev projects. 
These tools may include issuing what used to be 
referred to as industrial development bonds 
(IDBs), that is, bonds issued by a governmental 
unit and used to finance operations employed 
in the trade or business of a private entity to 
produce public benefits. Because of changes in 
Federal tax laws, not all IDBs may be considered 
tax exempt.

The tax code was amended in 1988 to include 
as facilities eligible for tax-exempt bond 
financing "high-speed intercity rail facilities," 
which are defined to include "any facility (not 
including rolling stock) for the fixed guideway 
rail transportation of passengers and their bag­
gage between metropolitan statistical areas . . . 
using vehicles that are reasonably expected to 
operate at speeds in excess of 150 miles per hour 
between scheduled stops, but only if such 
facility will be available to the general 
public."

There remain aspects of the tax code that would 
hinder the use of tax-exempt financing to 
support maglev implementation. First, 
although the high-speed intercity rail facilities 
financed with the proceeds of such bonds need
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not be governmentally owned, a private owner 
must make an irrevocable election not to claim 
depreciation or other tax credits with respect to 
such property. Second, 25 percent of each issue 
must receive an allocation from the state's pri­
vate activity bond volume which has a dollar 
ceiling based upon state population. Third, any 
proceeds of an issue not spent within three years 
of the date of issue must be used to redeem 
outstanding bonds.

P u b lic  F in a n c in g
The results of the preliminary analysis in 
Chapter Four show that there are potential 
transportation markets that could cover the 
operating costs and a portion of the capital 
costs of a maglev system. Public entities may 
choose to provide support for proposed private 
sector maglev systems that are unable to 
generate sufficient capital in the private sector 
to avoid more costly infrastructure investments 
elsewhere or for other public purposes.

Federal financial assistance, in FRA's view, will 
not play the dominant role in any public finan­
cial support for realizing specific maglev 
systems. States and local governments will be 
the primary focus of any public assistance for 
implementing specific maglev systems. These 
governmental entities may choose to provide 
direct financial assistance raised through taxes,

assessments, or other revenue sources available 
to state and local governments. Direct finan­
cial assistance to private entrepreneurs may be 
undesirable or impossible due to State or local 
statute, governmental policy, or public opin­
ion. In these cases, the entities may consider an 
offer of incentives to maglev-system developers 
such as various forms of tax incentives or the 
enhanced real estate development rights that 
will be part of the franchise granted for a high­
speed rail-line in Florida.

Future Action
The study conducted by FRA and summarized in 
this report must be considered preliminary. As a 
consequence, this report does not contain any 
specific recommendations by the 
Administration for legislative action. The 
President's fiscal year 1991 budget request 
would fund a detailed examination of the issues 
that FRA has identified in its discussions with 
companies, academia, and entrepreneurs who 
would be expected to participate in maglev 
development and implementation. In a report 
on that effort, scheduled for the spring of 1992, 
FRA expects to be able to offer the results of 
that detailed examination and formal 
recommendations for any legislative action 
needed to promote U.S. leadership in the 
commercial applications of maglev.
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