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Implementation of Cargo MagLev in the United States 

No. 081 
C. R. Rose and D. E. Peterson 
Los Alamos National Laboratory, Superconductivity Technology Center, P.o. Box 1663, MIS TOO4, 
Los Alamos, NM 87545, USA 
crose@lanl.gov, dpelerson(ci),lanl.gov 

E. M. Leung 
Magtec Engineering, P. 0. Box 722064, San Diego, CA 92172, USA 
emleungl 628@aol.com 

ABSTRACT: Numerous studies have been completed in the United States, but no commercial MagLev 
systems have been deployed. Outside the U.S., MagLev continues to attract funding for research, development 
and implementation. A brief review of recent global developments in MagLev technology is given followed by 
the status of MagLev in the U.S. The paper compares the cost of existing MagLev systems with other modes of 
transport, notes that the near-term focus of MagLev development in the U.S. should be for cargo, and suggests 
that future MagLev systems should be for very high speed cargo. The Los Angeles to Port of Los Angeles 
corridor is suggested as a first site for implementation. The benefits of MagLev are described along with 
suggestions on how to obtain funding. 

1 INTRODUCTION 

The concept of magnetic levitation (MagLev) is not 
new. In fact, the idea has been explored since at least 
1902. The first attempt to build a MagLev train was 
in Paris in 1906. In 1912, French engineer Emile 
Bachelet, built a model vehicle that was levitated and 
propelled by magnetic forces using a principle that 
later came to be known as the linear induction motor 
(Bachelet 1912). 

There have been many articles and summaries 
written about the history and technological 
development of MagLev over the ensuing years 
(Hochhausler 1971; Laithwaite 1977; Luu & Nguyen 
2005 ; Powell & Danby 1967; Taniguchi 1992; 
Vuchic & Casello 2002). 

Although commercial , passenger-carrying 
MagLev systems have been deployed around the 
world, the fact remains that there is no comparable 
system in operation in the U.S. 

In this paper, we show that the most practical and 
likely the best first application for MagLev in the US 
market is for cargo transport for short to medium 
haul distances, and at medium speeds. The paper is 

organized as follows: section 2 is a brief background 
of MagLev technology; section 3 reviews the present 
status of MagLev projects around the world ; section 
4 discusses the present status of MagLev in the US; 
section 5 describes how cargo-based MagLev in the 
US can be successful in the near term, and describes 
the future of enhanced cargo MagLev; section 6 
offers suggestions on how to get it implemented; and 
section 7 summarizes the findings of the paper. 

2 BACKGROUND 

There are two, pnmary competing MagLev 
technologies--electromagnetic suspension (EMS) 
and electrodynamic suspension (EDS). These are 
shown in Figure 1 in simplified diagrams. EMS 
levitation technology, which "pulls up," is 
represented by the German conventional-magnet­
based Transrapid system (Wahl 2004) and EDS 
technology, which "pushes down," is represented by 
the Japanese JR low-temperature superconducting 
system (Miyamoto 2004). Both the German and 
Japanese governments have supported and funded the 
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development and demonstration of their respective 
technologies by several billion US dollars each. 

EIec1romagnellc Maglev 

----~.--..-. 
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Figure 1. Comparison of EMS and EDS magnetic levitation 
systems. 

EMS-type trains use room temperature, normal 
conducting magnet technology. EDS-type trains, use 
both room temperature and superconducting magnets. 

3 STATUS OF MAGLEV OUTSIDE THE USA 

The Chinese govenunent, with Transrapid GmbH 
of Germany as a partner, constructed the first 
commercial MagLev line which runs between 
Shanghai's new international airport at Pudong and 
the convention center in downtown Shanghai. The 
train is based on Transrapid's electromagnetic 
suspension technology, and does not use 
superconductivity. Figure 2 and Figure 3 show the 
Shanghai MagLev train. This train transverses the 30­
km track in 7 minutes and 20 seconds, travelling at an 
average speed of 2S0 kmlh (1S0 mph) with a peak 
speed of 431 km/h (268 mph). 

The project was completed in 22 months, four 
months ahead of schedule, and has carried over three 
million passengers since its commencement in April 
2004. The Chinese government recently announced 
the approval of a 17S-km extension to the pre~ent 
MagLev line which will link the city of Shanghai to 
Hangzhou. The cost of the project is expected to be 
about 3.2 B $US with a completion date in 2014. 
This new line represents approximately a 60% 
reduction in cost per ki ~ometer compared to that of 
the Shanghai-Pudong iine. This projected cost of 16 
M$1km or 2S .6 M$/mile will enable MagLev to be 
competitive with high speed rail such as the French 
TGV. This represents a significant step forward for 
MagLev as a technology and its path to wide-scale 
commercialization. 

The Japanese High Speed Surface Transport 
(HSST) system is a continuation of the ur~an 
MagLev concept through the successful constructIOn 
and operation of the Tobu Kyuryo line which e~ten~s 
about 9.2 km from the Fujigaoka subway statIOn III 

Meito Ward, Nagoya (Aichi Prefecture) through 

Naaakute Town to Yakusa Station on the Aichi 
Ka~jo (Loop) Line in Yakusacho of Toyota City. 

Figure 2. The high-speed. Chinese-Transrapid EMS-type 

MagLev train . 


Figure 3. The Chinese-Transrapid train leaving the station on 
the route from Pudong to Shanghai. 

It further emphasize the usefulness of MagLev for 
intermodal transportation. Figure 4 shows the 
Japanese urban MagLev train in operation.. ~he 
HSST research was started in 1974 by Japan AIrlIne 
and the JR High Speed MagLev system by Japan 
Railways in 1969. The HSST system is based on 
electromagnetic suspension technology and does not 
use superconductivity with a top speed of 38 mph. 

In December of 2007, Japan Railways (JR 
Central) announced plans to build a superconducting 
MagLev linear-motor train between Tokyo and 
central Japan at a cost of S.1 trillion yen (44.7 billion 
US dollars) by 202S. It will have an average speed of 
SOO kmIh (310 mph) on a route of 290 km. This 
MagLev train will be the successor to the famous 
Japanese Shinkansen "bullet" train that runs at 300 
kmlh (186 mph). JR tested the first ever MagLev 
using high temperature superconductors attaining a 
world record speed for railed vehicles of 361 mph. 



Figure 4. Picture of the Japanese, low-speed, EMS-type 
MagLev train on the Linimo line. 

Other interesting MagLev development around the 
world include the Swissmetro MagLev concept 
designed to have vehicles running in small 5-m 
diameter tunnels under partial vacuum to reduce 
aerodynamic drag forces and the Brazilian concept 
using high temperature superconducting bulk 
magnets for levitation (Stephan & Nicolsky 2004). 

England is considering the construction of a 
MagLev train line between Glasgow and London, 
reducing the travel time between the two cities (522 
miles apart) from 5 hours to 2.5 hours. Korea also 
has a long history in its interest in urban MagLev and 
is actively pursuing a low-speed passenger-carrying 
MagLev line (Kim et al 1995). 

Despite recent advances and continuing efforts in 
commercialization around the world, MagLev 
technology still has not realized its potential as a 
transport system, especially in the United States. 

4 MAGLEV IN THE USA 

The US has a sketchy history of research and 
development in MagLev beginning in 1969 with the 
first US patent related to this technology. 

Under the High Speed Ground Transportation Act 
of 1965, the United States Federal Railway Agency 
(FRA) funded a wide range of research into all forms 
of HSGT continuing through the 1970s. This 
sponsorship led to the development of the linear 
induction motor that has been used in many early 
MagLev development efforts and some modem 
MagLev designs. By the mid 1970s, the U.S. work 
had ended with no implementation of a MagLev 
system. 

The importance of MagLev, as an advanced 
transport system, was recognized in 1990 when the 
National MagLev Initiative (NMI) program was 
started with grassroots support of engineers and 

scientists as well as the late Massachusetts Senator 
Moynihan. US$ 975M were appropriated for an 
aggressive four-year program with the end goal of a 
19-mile long demo track with MagLev vehicles 
running on it (Coffey 1993). Four major industrial 
teams, led by Foster Miller, Grumman, MIT and 
Bechtel, were assembled. For a time, technologists 
were enthusiastic about the future of MagLev in U.S. 
However, with a change of presidency and lobbying 
efforts from other competing modes of transportation, 
the NMI program was cancelled just after a year and 
a half with only $38M expended. By the mid 1990s, 
U.S. interest in MagLev technology had waned and 
funding for MagLev research had been cut. 

An urban (low-speed) MagLev program was 
started by the U.S. Government in the early 2000s but 
so far, the $35M funding for that program has not 
produced any commercialization effort. The 
companies that continue trying to make MagLev 
work, either low speed or high speed, include 
MagLev 2000, American MagLev Inc. and General 
Atomics. 

5 POTENTIAL CARGO MAGLEV IN THE US 

Numerous articles have been written comparing 
MagLev to other modes of transport (Coffey 1993; 
Janic 2003; Lever 1998; Luu & Nguyen 2005; Rose 
et al. 2007; Suppes 1995; Vuchic & Casello 2002). 
Building on that work, we offer a two pronged 
approach in order to implement cargo MagLev in the 
U.S.: 1) address the issue of cargo MagLev now in 
the present based on present-day technology; and 2) 
by further research and development, implement 
enhanced cargo MagLev in the future. 

5.1 Cargo MagLev Now 

In 2006, the Office of Naval Research (ONR) 
sponsored a consortium of experts led by the 
Superconductivity Technology Center at Los Alamos 
National Laboratory to study and determine the status 
of present-day MagLev and Electromagnetic Launch 
technology and describe the key technology areas 
which need further investment to enhance 
performance and reduce system costs. The report 
summarized all major aspects of MagLev systems, 
described the costs of those systems, and suggested 
research and development efforts including expected 
costs and time lines in which strategic research could 
be done to enhance MagLev technology. One 
conclusion of the report, is that present-day 
technology, even without further research, could be 
successfully implemented in select applications and 



transport. 

Max. 
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implementation 
the following characteristics: 

10 EMS or levitation technology 
10 Use conventional at room 

10 Operate at low to medium speed, less than 
100 mph 

10 over a short distance, a miles 
10 Operate in a highly area to mitigate 

congestion, reduce and atmospheric 
pollution. 

Although MagLev technology can directly 
with all modes transportation for both 
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10 due to electricity use 

10 

III rates 
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economics including the capital and operational 
costs plus projected revenue. cost comparison 
study was performed comparing MagLev to other 
modes of transportation. The for both low­
speed and high-speed MagLev are summarized in 
Tables 1 and 2. 

Table 1. "UI._Snpp{j MagLev is cost effective as compared to 

Table 2. is cost competitive with 
Rail. 

Capital Max.
Length Max. Speed 

Cost CoslBasis Grade
(mlie) (mph)

($Mlmile) (%) 

Int. 
puDoog 

19 60 Actual 10 

Transrapid Be-rlin-
Hamburg 

IS! 32 Eshmate 313 10 

French TGV > 100 J8-30 Average 210 4 
-----.--» 

one can no 
is an unproven technology. 

is and comfortable as noted by those 
travelled on the Shanghai -Pudong 

had an actual cost of $ 
60M/mile. The cost for the construction of 
the next section of 175 km from Shanghai to 
Hangzhou is about $25M/mile. It would 
comparable to the cost per mile for the TGV 
which travels at 40% lower speed. 

MagLev, the Birmingham line, 
of advanced 

technology compares favorably with monorails, 
trolleys and subways (essentially light trains). 

While low and high-speed MagLev are cost 
competitive existing of 
transportation, there are other intangible advantages 
such as reduced and noise pollution, turns, 
and capability, which are 
essential characteristics for carrying that will 

help gain the deployment of MagLev in 



If MagLev systems were employed for medium 
speed, 75 - 150 mph, and short (5-50 miles) to 
medium distances (50-500 miles), then it competes 
favorably with automobiles, trucks, short haul 
COITUlluter airlines, inter-urban passenger and cargo 
trains, and buses. Costs for cargo MagLev are 
expected to be less than what would be incurred for 
passenger MagLev as are noted in the tables. 

Medium-speed cargo MagLev could be 
successfully implemented in a highly congested, 
urban corridor such as the busy corridor between the 
Ports of Long Beach and Los Angeles and an inland 
distribution center. A small step to show viability of 
this concept is to build a pilot or demonstration line. 
The Port of Los Angeles Electric Cargo Conveyor 
(ECCO) project is a good example and supports the 
ONR conclusion. In this situation, two parallel, 
bidirectional systems each equipped with 36 vehicles 
are required to meet the throughput. This 4.7-mile­
long system links the ports with a cargo distribution 
center further inland hence avoiding the bottleneck 
around the port itself. Initial studies show that it is a 
viable concept (California State University at Long 
Beach 2007) and more detailed information is 
available on its website. Figure 5 shows a map of the 
area of interest with the MagLev route nmning from 
an inland hub to the Port of Los Angeles. 

At the present time, the ship cargo is primarily 
moved on Los Angeles freeways by big-rig trucks 
with assistance by steel-wheeled train lines. The city 
of Los Angeles has great interest in reducing the 
noise, pollution and congestion in that corridor and 
has funded studies and work to assess MagLev 
technology for that type of setting. Note that the city 
of Los Angeles corridor is only one example. Many 
other highly congested urban corridors exist around 
the U.S. and would benetit from an urban-type cargo 
MagLev system. Recently, UP (the United Port of 
Los Angles and Long Beach) announced that they 
will start working with two manufacturers, Skytech 
Transportation Inc., and American MagLev 
Technology, to study the feasibility of a MagLev­
based container-conveyance system. 

MagLev trains have significant advantage over 
other modes not only in a crowded urban setting, but 
also can facilitate the movement of troops and 
equipment rapidly from an inland naval or marine 
base to the ports where they have to depart. 

Given the technological, economic, convenience 
and perceived advantages and disadvantages of 
MagLev over other competing modes of transport, 
the application and situation in which MagLev has 
clear advantages over all other modes of transport is 
in a congested, urban environment, relatively short 

haul, where noise and atmospheric pollution 
abatement are significant concerns. 

Figure 5. Map showing the proposed route for the cargo 
MagLev system between the Port of Los Angeles and an in-land 

distribution center. The route is about 4.7 miles long. 

5.2 Cargo MagLev in the Future 

After having established short-haul cargo MagLev, 
efforts should then be focused on its improvement. 
We suggest that the future implementation of cargo 
MagLev in the U.S. have the following 
characteristics: 

• 	 Use EDS levitation technology 
• 	 Employ high-temperature superconducting 

magnets for greater lifting capability and 
reduced energy consumption, 

• 	 Operate at high speed, over 1000 mph 
• 	 Operate over medium to long distances, 

greater than 500 miles 
• 	 Operate in partially evacuated tubes. 

The concept, "MagLev-Tube Cargo Transport," is 
a new method of efficiently transporting cargo by 
MagLev trains through partially evacuated tubes. 
The pneumatic tube technology is at least 200 years 
old and has been used to move many products 
ranging from coal and limestone to mail and 
telegrams. It is time to re-evaluate the viability of 
this concept since intercity trucking is projected to 
dramatically increase over the next decade. This 
MagLev tube approach has the potential to replace 
the majority of the long-haul trucks on the nation's 
roads and highways, dramatically improving energy 
efficiency, safety, reliability, and reducing pollution 
in the environment. A national tube transport system 
could operate automatically under computer control 
and unmanned enabling precise delivery times not 
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7 	 CONCLUSIONS 
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