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NCFRP Report 34: Evaluating Alternatives for Landside Transport of Ocean Containers 
provides a systematic method for evaluating alternatives to diesel trucks for ocean container 
transport to or from deep-water ocean ports and inland destinations within 100 miles. The 
report contains information on all known, active inland container transport proposals, based 
primarily on previous work in Southern California on zero-emissions container movement 
systems. The report also contains a set of proposed performance-based criteria reflecting 
the transportation, emissions, energy utilization, and congestion relief objectives and cost 
implications of alternative inland transport options. The criteria can be used to guide eval-
uations of potential alternative container transport technology and systems, both in the 
abstract and in specific port and terminal applications.

An efficient and robust freight transportation system is essential to the continued eco-
nomic well-being of the United States. One vital segment of the system is the deep-water 
ocean ports, which handled more than 30 million loaded import and export containers in 
2013. Both the highway and rail systems at deep-water ocean ports can become congested 
at peak periods, because few were designed to handle current container volumes, much 
less future growth. Indeed, various projections show a doubling of containers by 2035, and 
this has led to a call for more freight infrastructure capacity. However, port expansion and 
cargo growth depends, to a large degree, on community acceptance, which in turn depends 
on reducing current adverse impacts from container transportation and mitigating future 
adverse impacts.

As a result, communities around ports have called for alternative ways to move con-
tainers, especially ways that are perceived to be more environmentally friendly than diesel 
trucks, or approaches that lessen highway congestion by separating freight transport from 
passenger transport. However, many have questioned whether some of the proposed alter-
natives are technically feasible, and if so, whether they can serve multi-site networks and 
mesh with the legacy port, highway, and rail operations.

Under NCFRP Project 34, The Tioga Group was asked to (1) review current and proposed 
landside alternatives (e.g., maglev, linear induction, linear synchronous motors, and hybrid 
diesel electric trucks) for transporting ocean containers to and from deep-water ocean ports 
and destinations (e.g., distribution centers, trans-load facilities, inland ports, and inter-
modal terminals) within 100 miles; (2) develop the criteria for a method to evaluate alter-
native container movement technologies that includes, but is not limited to, such factors 
as capital and operating costs, transit times, technical feasibility, right-of-way issues, emis-
sions reduction, operational attributes, vehicle headways, throughput, connectivity, noise, 
congestion reduction, community acceptance, commercial acceptance, safety, security, and 

F O R E W O R D
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Staff Officer
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compatibility with existing infrastructure; (3) using 2007 diesel tractor operational charac-
teristics as a baseline for costs and emissions, develop a method that considers all relevant 
internal and external landside costs and emissions reductions associated with the use of 
alternative methods to transport ocean containers within 100 miles to or from deep-water 
ocean ports; (4) develop a procedure to evaluate the method with appropriate stakeholders 
at two deep-water ocean ports; (5) calibrate the proposed method for at least two proposed 
alternatives at each of two case study ports, and validate the method using both experimen-
tal and operational data; and (6) for the alternatives, develop the operational requirements 
and demonstrate that they are compatible with existing modal operations.
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1   

Background

Inland transport is one of the most serious problems facing U.S. container ports. The 
ability of ports to meet local, regional, and national demand depends on landside con-
tainer transport solutions that also address the environmental and social costs of cargo 
operations.

Advanced inland container transport technologies have been proposed as solutions to the 
port capacity, congestion, and emissions issues in dense urban environments. These advanced 
fixed-guideway technology proposals were generated by the desire in Southern California 
for a zero-emissions container movement system (ZECMS) to replace conventional diesel 
truck highway drayage.

A definitive evaluation of advanced-technology fixed-guideway options, however, is 
not yet feasible. The capacity, cost, emissions, and congestion effects of conventional 
diesel truck drayage are fairly well known; the equivalent factors for advanced transport 
technologies are not. The research team found that, as of early 2014, no zero-emissions 
container transport systems exist, nor are there complete system proposals, including 
terminals, handling equipment, infrastructure network, and controls. Most proposed 
container movement technologies have been drawn from rail transit and people-mover 
systems using Maglev, linear induction motor (LIM), or linear synchronous motor (LSM) 
propulsion. Most proposals are conceptual; a few technologies have been tested in proto-
type or model form. There is, however, an ongoing interest in alternatives to truck drayage. 
Accordingly, this research project was sponsored to develop a method to evaluate future 
proposals.

Purpose and Scope

The objective of this research was to develop a method to evaluate alternatives for ocean 
container transport between deep-water ports and inland destinations within 100 miles. 
Adjacent communities and political bodies are especially interested in technologies that 
could take container movements off streets, highways, and conventional railroads. The major 
anticipated benefits of these advanced technologies include

•	 Increased throughput capacity
•	 Reduced road and rail congestion
•	 Reduced emissions and energy use
•	 Reduced community impacts

S U M M A R Y

Evaluating Alternatives for Landside 
Transport of Ocean Containers
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2  Evaluating Alternatives for Landside Transport of Ocean Containers

A key challenge throughout the project was to develop common evaluation concepts, 
criteria, and metrics for a wide range of seemingly disparate proposals. That process began 
at the highest conceptual level by asking basic questions:

•	 What is the system goal or objective?
•	 What problem is the system designed to solve?
•	 Where is the system expected to be applicable?
•	 What is a reasonable basis of comparison between systems?
•	 What questions need to be asked and answered to evaluate the system?

There is a critical distinction separating line-haul technologies, freight movement  
applications, and complete transport systems. Each container movement option consists 
of a line-haul technology (e.g., LIMs or hybrid highway tractors) which then must be  
embedded in an end-to-end container transport system linking marine terminals with 
inland terminals (Figure S-1).

The task of an inland container transport system is to move containers between marine 
container terminals on one hand and inland facilities on the other. The end-to-end transport 
system is, in turn, part of the broader container port/terminal/inland transport complex 
in which it operates and perhaps interacts with other systems. The port/terminal/inland 
transport complex is then part of the community and region in which it must coexist, 
generate economic wealth, and minimize adverse impacts. Ultimately, the value of a proposed 
container transportation system must and will be evaluated at all four levels.

Landside Container Transport Alternatives

The research team compiled available information on all known, active inland container 
transport proposals, based primarily on the preceding work in Southern California on 
ZECMS. A summary is given in Table S-1. In parallel, the research team developed a generic 
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Figure S-1.  Container transport system context.
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Summary  3   

Name Organization General Descripon Generic Technology

Convenonal Drayage Mul�ple
This is the current standard system using a standard diesel
tractor pulling a chassis holding one container.

Diesel Truck Drayage

Hybrid Trucks Tetra Tech
Use of hybrid diesel electric trucks utilizing exis�ng streets and
highways in addi�on to newly acquired right of way.

Hybrid Trucks

Hydrogen Hybrid Trucks Tyrano
A prototype hydrogen fuel cell hybrid electric truck, with zero
tailpipe emissions.

Hydrogen Hybrid Truck

MagneTruck™ General Atomics
MagneTruck™ is a proposed concept that would utilize linear
synchronous motors (LSMs) embedded in road surfaces to move
road vehicles along within specially designed traffic lanes.

Linear synchronous motor (LSM)

Electrified Railway Siemens & others
An electric locomo�ve pulling conven�onal rail cars on an
electrified railway.

Electrified Railway

MagneRail™ General Atomics
MagneRail™ is based on the idea of retrofit�ng conven�onal
steel wheel rail lines with linear synchronous motors, most likely
mounted to the railroad �es between the rails.

Linear synchronous motor (LSM)

LIM Rail/MagRail

Innova�ve
Transporta�on

Systems
Corporation

LIM Rail is proposed as a retrofit of exis�ng tracks with a linear
synchronous motor system to move containers on railroad
flatcars or conven�onal truck trailer chassis under automated
propulsion and control.

Linear synchronous motor (LSM)

Rail Motor & SPM Maglev
Launchpoint
Technologies

Rail Motor is proposed as a retrofit to conven�onal track, a linear
rail motor to be mounted to existing rail lines to electrically
propel passive railcars and locomo�ves.

Maglev

Flight Rail Corporation
Flight Rail

Corporation
Use of a vacuum propulsion technology along an elevated, fixed
guideway system.

Vacuum propulsion

Automated Shuttle Car
System

Automated
Terminal Systems,

Inc.

Automated Shuttle Car System is proposed as a fully automated
cargo container system for transporting cargo containers
between marine/rail and other terminals, including a fully
automated container yard.

Electrified Rails DC Motors

CargoRail/Cargo Tram
MegaRail

Transporta�on
Systems

CargoRail/Cargo Tram is proposed as a coupled dual mode
conveyance that could operate in port and railroad intermodal
areas on exis�ng paved surfaces.

Electrified Rails DC Motors

Container Express Corridor Ci�Car
CitiCar is proposed to move cargo containers within an
automated corridor using exis�ng railroad track and specialized
electrically powered vehicles.

No design for railcar motor

Container Port Skid Tubular Rail
Container Port Skid is proposed to propel a container carrying
skid (vehicle) on an electric power roller system.

External AC electric propulsion

Electric Cargo Conveyor
System

General Atomics

Electric Cargo Conveyor System (ECCO) is proposed as a grade
separated, fully automatic – driverless container transport
system using stationary levita�on magnets and linear
synchronous motor propulsion.

Combination of Maglev and LSM

Air Rail Skytech
SkyTech's linear induction motor (LIM) powered framework and
its forefront electromagne�c technology provide automated
container moves from point to point.

Linear induction propulsion

Southern California Guideway
Southern
California
Guideway

Southern California Guideway is proposed to move pallets loaded
with cargo containers by linear motors in a grade separated
guideway.

Linear Induction Motor (LIM)

SAFE Freight Shuttle
Freight Shuttle

Partners

Freight Shuttle Partners has proposed the use of steel wheeled
vehicles on elevated fixed guideway using linear induction
motors.

Linear induction propulsion

Environmental Mi�ga�on and
Mobility Ini�a�ve (EMMI)

American Maglev
Technology of

Florida

Environmental Mi�ga�on and Mobility Initia�ve Logis�cs
Solution (EMMI) would use grade-separated magnetically
levitated trains to move cargo containers.

Maglev

Freightrapid
Transrapid

International USA

Freightrapid is a proposed adapta�on of the Transrapid
passenger technology, using electromagne�cally levitated
vehicles, propelled by a linear synchronous longstator motor to
transport standard containers.

Maglev

Bombardier Maglev Maglev Inc.
Use of magnetic levita�on technology along an elevated, fixed
guideway system.

Maglev

LEVX California Freight
Systems

Magna Force, Inc
Use of a levita�on technology employing permanent magnets
along a fixed guideway system.

Maglev

AirHelo International, Inc
AirHelo would use a fleet of lighter than air airships to move
transfer containers from ships to transshipment points.

Airships

Truck Drayage Technologies

Railway Technologies

Advanced Fixed Guideway Technologies

Other Technologies

Table S-1.  Technologies identified.
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4  Evaluating Alternatives for Landside Transport of Ocean Containers

step-by-step description of the inland container transport process from marine terminal to 
delivery at inland destinations within 100 miles.

Evaluation Criteria

The diversity of inland container transport options and technologies calls for flexible, 
performance-based evaluation criteria. Accordingly, the research team developed a set of 
proposed performance-based criteria reflecting the transportation, emissions, energy utili-
zation, and congestion relief objectives and cost implications of alternative inland transport 
options. The criteria developed in this study are intended to guide evaluations of potential 
alternative container transport technologies and systems, both in the abstract and in specific 
port and terminal applications.

The research team examined inland container transport goals and criteria from multiple 
reports and other sources and found common goals:

•	 Reducing emissions, congestion, noise, truck miles traveled, energy use, and community 
impacts.

•	 Maintaining or improving capacity, reliability, throughput, productivity, velocity, and safety.
•	 Maintaining or reducing costs and prices without subsidy from the port.

The “overall worth” of a solution must be evaluated on what has sometimes been called 
the “triple bottom line” (TBL): economics, environment, and community impact. The TBL 
concept is a major touchstone for this analysis because it relates directly to the broadened 
scope of port authority responsibility and the interest of those authorities in inland transport. 
The driving force behind port and community interest in alternative container transport 
technologies is their promise of emissions reduction and congestion relief, not cost saving or 
increased capacity. Systems and technologies can only reduce emissions and other adverse 
impacts through market forces if they also meet the second and third objectives. Unless 
the capacity, service, and cost are better than conventional transport systems (e.g., truck 
drayage and on-dock rail transfer), market forces alone will not enable alternative systems 
to attract enough patronage to have a significant effect.

Proposed Evaluation Method

One key finding regarding evaluation methods for container transport systems is that 
“one size does not fit all.” The resulting method should be adaptable to fit the specific cir-
cumstances. The research team identified four generic types of decisions that might be made 
regarding alternative container transport systems:

•	 Support for research and development
•	 Readiness for incorporation or anticipation in other projects
•	 Funding for demonstrations or pilot projects
•	 Commitment to construction and operation

The generic sequence of evaluation steps is shown in Figure S-2. The basic method is not 
unique to container transport systems or even to transportation. These same steps apply to 
any instance in which proposals must be evaluated against given criteria, against a baseline 
scenario, or against each other. The content and approach within the steps, however, will 
vary considerably depending on

•	 The decision to be made
•	 The state of proposal development

Evaluating Alternatives for Landside Transport of Ocean Containers
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Summary  5   

•	 The timeline for development, implementation, and project life
•	 The availability and precision of information
•	 The existence of a baseline or “no-project” alternative
•	 The resources and time available for the evaluation

Testing the Method

A method such as that described above can be tested either in a new application or 
by “redoing” a previous evaluation. In both cases, the proposed method should yield a 
satisfactory outcome, but in the second case, that outcome can also be compared with the 
original result and conclusions drawn regarding any differences. The research team located 
opportunities to test the method both ways in case studies at the Ports of Los Angeles-Long 
Beach and Baltimore.

Los Angeles/Long Beach Case Study

Background

A case study involving the Southern California Ports of Los Angeles-Long Beach (LA/LB) 
is appropriate for several reasons. Together, the two ports form the largest, busiest, and most 
complex container port in North America. The advanced container transport and advanced 

DEFINE GOALS
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LOCATE POTENTIAL CANDIDATES

ASSEMBLE SCREENING DATA

SCREEN 

IDENTIFY EVALUATION CANDIDATES

ASSEMBLE EVALUATION DATA
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EVALUATE

CHOOSE BEST CANDIDATE(S)

Figure S-2.  Evaluation method 
structure.
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6  Evaluating Alternatives for Landside Transport of Ocean Containers

drayage concepts considered in this project first emerged in response to emissions and con-
gestion problems in Southern California. The Southern California ports have 13 active or 
developing container terminals, 9 port intermodal yards, 2 near-dock rail intermodal yards, 
2 more distant (20 miles) rail intermodal yards, and the possibility of service to inland 
ports or satellite terminals within the 100-mile study radius, so many different system con-
figurations are possible. The potential traffic types include local imports and exports, local 
transloads, near-dock intermodal, off-dock intermodal, regional imports and exports, and 
intraregional imports and exports. Advanced technologies proved to be primarily suitable 
for the off-dock and regional imports and exports, which constitute only a fraction of the 
total container trips.

Previous Studies

There have been four previous major studies of alternative container transport systems 
in Southern California:

•	 The 2006–2008 Advanced Container Transportation Technology Evaluation and Com-
parison (2008 ACTTEC)

•	 The 2007–2009 Alternative Goods Movement Technology Analysis Initial Feasibility 
Study Report (I-710 Alternatives Analysis)

•	 The 2009–2010 Request for Concepts and Solutions for a Zero-Emissions Container 
Movement System (2010 RFCS)

•	 The 2011 Roadmap for Moving Forward with Zero-Emissions Technologies at the Ports 
of Long Beach and Los Angeles (2011 Roadmap)

These studies found that advanced fixed-guideway technologies were not ready for near-
term implementation and would likely have prohibitively high capital and operating costs. 
The latter two studies found that advanced drayage technologies (e.g., battery-electric trucks 
using wayside power) appeared more feasible in the near term. The I-710 Alternatives Analysis 
provided cost and capacity estimates against which the research team’s estimates could be 
compared for reasonableness.

Approach

For this case study, the research team defined the decision question as

Which inland transport systems would be cost-effective approaches to reducing port-related 
criteria pollutants, traffic congestion, greenhouse gas emissions, and capacity constraints within 
the current port planning horizon (2035)?

Analysis

At their highest level, the selection criteria for a new LA/LB container transport system 
reflect port and regional TBL goals:

•	 Reduce criteria pollutant and greenhouse gas (GHG) emissions compared to “clean” 
truck drayage.

•	 Reduce drayage truck traffic on public roads and highways.
•	 Add container transport capacity to accommodate cargo growth.
•	 Remain economically feasible.

These goals are interdependent in ways that must be recognized and reflected in both 
selection criteria and weighting.
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The options that passed the initial screening step include

•	 Battery-electric trucks on new electrified lanes in or parallel to the I-710 Corridor, and 
free-running elsewhere (to the limit of their battery capacity).

•	 Advanced-technology propulsion over an exclusive fixed-guideway in or parallel to the 
I-710 Corridor, with scenarios defined by the research team.

No definitive scenario for a Southern California fixed-guideway advanced-technology 
container transport system exists. The research team analyzed seven fixed-guideway scenarios; 
three from the I-710 Environmental Impact Report (EIR)/Environmental Impact Statement 
(EIS) alternatives evaluation and four constructed for this study.

Evaluation of the two basic short list candidates—advanced fixed-guideway and electric 
truck with wayside power—and their variations was relatively straightforward because of 
the large differences among them. It was not necessary to weight the criteria or use formal 
ranking or ratings.

•	 Emissions. Both candidates achieve zero or near-zero criteria pollutant emissions by using 
electric power. Differences in GHG emissions would depend on relative energy efficiency. 
Any estimates are conceptual and there is no basis for reliably distinguishing them.

•	 Congestion Relief. The substantially higher operating costs of an advanced-technology 
fixed-guideway system imply failure under a critical criterion: the potential to divert truck 
trips from the baseline drayage option in a competitive market. Alternatively, an advanced 
fixed-guideway system would have to be heavily subsidized to compete. There are no 
funding sources for such subsidy.

•	 Capacity. A representative fixed-guideway system can handle about 800 containers per 
hour in each direction. A 4-lane electrified truck roadway has a capacity of 1,130 vehicles/
containers per lane-hour. Both systems have adequate capacity to accommodate port 
trade growth to the 2035 planning horizon and to divert trucks from existing highways.

•	 Feasibility. The estimated cost of a near/off-dock fixed-guideway system is roughly 
$10 billion, while the estimated cost of a 4-lane electrified highway system with greater 
capacity is about $6 billion. Estimated operating costs of an advanced fixed-guideway 
system greatly exceed baseline drayage costs and electric truck estimates.

Results

Based on the available information supplemented by the research team’s efforts, advanced-
technology fixed-guideway systems (e.g., Maglev, LIM, and LSM) will not have an effective 
role in solving LA/LB inland container transport problems for the foreseeable future. Such 
systems do not appear to be cost-effective relative to either free-running truck drayage or 
battery-electric trucks with wayside power. The capital costs are substantially higher than 
the alternatives. The operating costs are likely to be prohibitive, eliminating any potential for 
substantial diversion of trucks from existing streets or highways. In contrast, battery-electric 
or battery-electric hybrid trucks appear to be a potentially cost-effective option in terms of 
both capital investment and competitive operating costs.

Baltimore Case Study

Background

The Port of Baltimore was planning on moving the on-dock rail transfer facility from 
its Seagirt Terminal and relocating it inland. The Maryland Department of Transportation 
(MDOT) had been working with the Port and CSX since 2009 to develop a near-dock, 

Evaluating Alternatives for Landside Transport of Ocean Containers

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22136


8  Evaluating Alternatives for Landside Transport of Ocean Containers

double-stack intermodal facility. After rejecting four initial sites as too costly, stakeholders  
chose a new site at CSX’s Mount Clare yard. The Port Authority expressed interest in reviewing 
alternative technologies for potential application between Seagirt and the chosen site.

Approach

For this case study, the research team defined the decision question as

Can advanced technologies play a long-term role in container movement between Seagirt and 
Mount Clare?

The preferred Mount Clare site is less than 10 highway miles from Seagirt, and the pre-
ferred technology for container movement is conventional drayage services. Advanced tech-
nologies are insufficiently developed to play a role in the short-term development of the new 
terminal at Mount Clare. Given that success with the Mount Clare project is not certain and 
rests on the ability of planners to meet community concerns while maintaining transport 
efficiency, advanced technologies could have had a role to play in the long-term viability of 
the project.

The research team determined that community acceptance of the Mount Clare terminal 
development was the critical issue. To improve community acceptance over truck drayage, 
an alternative transport option must

•	 Reduce the number of trucks moving through the Mount Clare community.
•	 Reduce local emissions and noise.
•	 Minimize the need for new, potentially objectionable infrastructure.

The effectiveness of a proposed system in increasing community acceptance of the Mount 
Clare terminal development was therefore the critical minimum requirement for screen-
ing. Proposals that would not significantly increase community acceptance of the termi-
nal project would be screened out because they would not solve the problem facing the  
decisionmakers.

Analysis

The research team analyzed electric truck drayage, electric rail shuttle, and advanced fixed-
guideway scenarios. For both screening and more detailed analysis, the research team used 
the same sources and data compilation as in the LA/LB case study. The technical, performance, 
and cost factors developed by the research team were applied and adjusted as necessary to 
fit the Baltimore case study circumstances.

As with the LA/LB case, it was determined that neither the need for criteria weighting 
or the necessary information for criteria weighting existed. With increasing community 
acceptance of the Mount Clare terminal as an overriding objective, the evaluation tends to 
become a binary yes/no decision rather than a ranking or rating exercise.

Infrastructure issues were paramount in the Baltimore case study. Advanced technologies 
that require new fixed guideways faced substantial barriers:

•	 Guideway Feasibility. In the Baltimore case, a new guideway would require bridges, tunnels, 
or building through dense urban areas.

•	 Infrastructure Cost. The cost estimates showed that it would be impossible to recover the 
capital cost from revenues in a competitive environment. Moreover, the funding agreement 
between MDOT and CSX had a $225 million cap, which was far exceeded by all scenarios 
requiring new guideways or roadways.
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•	 Capacity. The high initial cost of advanced fixed-guideway systems can only be justified 
by very high throughputs. The relatively low expected volume of container trips in the 
Baltimore case would leave such a system seriously underutilized.

•	 Operating Cost. The estimated operating cost for a new fixed-guideway system far exceeds 
the cost of conventional truck drayage. It is highly unlikely, therefore, that Baltimore 
customers would be willing to use a much more costly fixed-guideway system, and a large 
subsidy (for which there was no source) would be required to divert trucks from the highway.

•	 Terminal Integration. Unless the new technology could be efficiently integrated into the 
Mount Clare terminal design, the fixed-guideway system would need its own loading/
unloading capabilities there.

Fundamentally, advanced fixed-guideway technologies are unsuited for moving a low 
volume of containers through a developed area with inherently high infrastructure costs. 
The Baltimore case study suggests a more promising role for technologies (e.g., in-track 
LSM or wayside electrification—for trucks or trains—that could be retrofitted to existing 
rail or highway infrastructure).

Results

Based on the information available and on the established positions and policies of the 
stakeholders and decisionmakers, no new technology or transport system can, by itself, 
reduce community impacts to a point where the Mount Clare terminal development would 
be clearly acceptable to the community. None of the technologies or systems makes the 
trucks or terminal go away. Use of the existing rail right-of-way for international containers 
moving between Seagirt and CSX Intermodal was already part of the project proposal.

These results were borne out by the August 2014 announcement that MDOT had terminated 
its terminal development agreement with CSX and pulled all state funding from the project.1 
The chief reason was that CSX could not satisfy the concerns of MDOT, the City of Baltimore, 
and the local community regarding potential impacts.

Findings and Implications

Implications for the Proposed Method

Results of the two case studies indicate that the proposed method is fundamentally 
valid, but must be adapted to the circumstances. The current social, environmental, and 
economic context of North American ports requires that a transport system do more than 
move containers efficiently. TBL is the new reality for ports.

In the LA/LB case study, the proposed evaluation method yields the same result as the 
Roadmap analysis and the I-710 Alternatives Analysis: advanced fixed-guideway systems 
are too costly, too narrow in their application, too inflexible, and insufficiently scalable to be 
cost-effective solutions to the emissions, congestion, and capacity problems facing the Ports 
and the region. Moreover, the very long and uncertain lead times for their development and 
implementation would leave pressing problems unaddressed for an unacceptably long time 
and entail considerable risk. The proposed method also identified advanced truck drayage 
concepts as more feasible in the near term, again consistent with the Roadmap and the I-710 

1 MARYLAND DEPARTMENT OF TRANSPORTATION WITHDRAWS FUNDING FOR PROPOSED CSX INTERMODAL 
FACILITY IN MORRELL PARK, http://www.mdot.maryland.gov/News/Releases2014/2014August28_MDOT_Withdraws_
CSX_Funding.html, August 28, 2014
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Alternatives Analysis. Truck drayage systems range from existing diesel trucks moving over 
public highways to electric trucks moving over exclusive right-of-way. The LA/LB case study 
demonstrated that the proposed evaluation method was also valid for truck drayage options.

In the Baltimore case study, the research team’s application of the proposed method led 
to two basic findings. First, a careful analysis of goals revealed that the primary purpose of 
an alternative container transport system would be to reduce the community impact of 
the proposed new intermodal terminal at Mount Clare. Second, applying the method led 
to the conclusion that advanced fixed-guideway technologies were not cost-effective ways 
to reduce the community impacts of trucks serving an intermodal terminal. In the Balti-
more case study, the analysis was also constrained by the small portion of intermodal trips 
that could actually be moved via a new fixed-guideway connection to the Port. Ultimately, 
the project itself was cancelled because there was no other means to satisfy community 
concerns. The Baltimore case was perhaps a better illustration of circumstances where 
advanced technologies could not solve the problem, rather than a failure of advanced tech-
nologies in a promising application.

One common thread between the LA/LB and Baltimore case studies is that providing a 
zero-emissions solution is not enough. Community concerns over truck movements include 
the mere presence of more trucks on local streets and highways in addition to emissions, 
noise, and safety. Eliminating emissions and reducing noise through alternative fuels or 
electrification may not be enough to gain community acceptance; the trucks must be diverted 
from local streets and highways. These observations suggest that the high capital cost of new 
zero-emissions systems, including electrified truck systems, may not result in community 
acceptance unless those systems can also take trucks off local streets and highways. Unfor-
tunately, to do so, the new systems would have to extend their own infrastructure into the 
rail or marine terminals. Doing so increases the costs, complicates terminal design, reduces 
flexibility, and—most critically—adds more freight transportation infrastructure to the 
community.

The technologies themselves are not yet ready for implementation, and the implementation 
timeline for such systems is both long and uncertain. A key point in the LA/LB 2011 Roadmap 
is that the Southern California ports needed to address existing problems and could not 
postpone action until advanced guideway systems were ready. In the Baltimore case study, 
the Port wanted a solution implemented in time for the opening of new Panama Canal locks 
in 2015. The conceptual nature of the technologies and system elements also creates substantial 
technology risk in any public- or private-sector funding efforts.

The precision of the proposed method remains limited by the information available on 
advanced technologies and on the complete systems that must eventually be built around 
them. The advanced propulsion systems remain largely conceptual in their application to 
container transport, despite some successful demonstrations under “laboratory” condition. 
There is no obvious funding source for ongoing research and development beyond the pri-
vate capital of the proponent firms, so the outlook for eventual technological and system 
readiness is unclear.

Implications for Advanced Fixed-Guideway Technologies

It became increasingly apparent in the compilation of technology descriptions that the 
developers faced inherent limitations of fixed guideways in attempting to adapt technologies 
to container movement. These are discussed below.

•	 Suitability for container transport. The advanced fixed-guideway container transport 
systems proposed to date appear ill-suited for moving containers within 100 miles of 
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port terminals. The advanced fixed-guideway proposals lie in a no-man’s land between 
truck systems more suitable for short trips and conventional rail systems more suitable 
for long trips.

•	 Lack of precedent for operating cost subsidies. There is no precedent for an operating 
subsidy for freight systems such as the advanced fixed-guideway proposals. The lack of a 
subsidy mechanism places the burden of diverting truck traffic on the commercial char-
acteristics of technologies that compare unfavorably with trucks.

•	 System costs and regional priorities. The national shortfall in investment for conventional 
transportation infrastructure suggests that a large investment in landside container transport 
would not be a regional priority even if funds were otherwise available.

•	 Scale economies. The need for advanced fixed-guideway systems and the scale economies 
required to support them may simply not exist at most U.S. ports.

•	 Legacy infrastructure barriers. A major shortcoming of advanced fixed guideway is the 
difficulty and cost of integrating such systems with existing infrastructure.

•	 Closing window of opportunity for emissions solutions. With clean or even zero-
emissions trucks here or on the immediate horizon, advanced fixed-guideway solutions 
appear to be relatively distant, uncertain, and costly approaches to reducing emissions.

Favorable Conditions for Advanced Fixed-Guideway Technologies

When, if ever, will advanced container transport technologies become cost-effective options? 
Attempting to lay out a timeline for system development is unlikely to be fruitful or accurate. 
A more useful approach may be to define the circumstances under which such technologies 
would become cost-effective options. The above considerations imply that advanced guideway 
technologies are poorly suited to replace truck and rail systems at existing ports, but might 
be more competitive as part of new port designs and developments. Unfavorable and favorable 
conditions for advanced fixed-guideway systems are outlined in Table S-2.

Ideal circumstances are most likely to occur in new port developments or stand-alone 
expansions at existing ports. In these cases, a “single marine terminal” is likely to be a large 
multi-berth, multi-user facility typical of European and Asian ports. These terminal configu-
rations offer the opportunity to link with a container transport system at a single common 
point or along a loop. The inland terminal configuration would likely be similar. This sys-
tem geometry closely matches typical people-mover configurations at airports. Such systems 
commonly operate in loop or semi-loop patterns, with vehicles operating at fixed headways 
in either or both directions. These single configurations also favor automated operations, 
because no switching or merging is required in routine operations.

Policy Questions

The analyses presented here suggest that advanced fixed-guideway systems will not be able 
to compete commercially with truck drayage systems. This observation implies in turn that 
customers—ocean carriers, 3PLs, brokers, importers, exporters, and others who control 
cargo and pay the bills—will not use such systems voluntarily. Some fundamental policy 
questions have not yet been addressed and are unlikely to be resolved in the near future.

•	 Can the public sector require the private sector to use a more costly transport option 
to achieve public goals? To some extent, the Ports of Los Angeles and Long Beach (and 
other ports) have done so by implementing clean truck plans, which require customers to 
use motor carriers with “clean” trucks and thus pay higher prices. The emerging require-
ment for electric “shore power” to avoid idling vessels in port is another example. In both 
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these cases the regulations increased the cost of an existing mode without requiring the 
customer to switch mode, and the regulations were based on public air quality and health 
objectives. Proposals to require drayage operators to use employee drivers and meet other 
conditions as part of the Clean Air Action Program (CAAP) were struck down, however, 
after legal challenges, which suggests limits to the power of ports to intervene in the business 
decisions of other stakeholders.

•	 Could ports or regional transportation agencies ban truck drayage entirely for some 
category of container moves and require customers to use fixed-guideway transport 
instead? There are myriad examples of truck bans on specific routes or in specific parts 
of cities, but not in industrial areas where truck transportation is integral to commerce. 
There are also weight limits for trucks and restrictions on the movement of tank trucks 
and hazardous materials. These restrictions, however, are almost entirely safety based and 
do not lead to mode shift.

•	 Can the public sector induce port customers to use more costly transport options to 
promote public goals? All U.S. passenger transit systems are subsidized and charge fares 
that are less than their full economic cost. Transit systems are subsidized in two ways: 
(1) reducing or eliminating the cost of capital, and (2) subsidizing operations. Although there 
are many variations on these strategies, both apply to advanced fixed-guideway container 
transport systems or, indeed, any transport system. The cost estimates for advanced fixed-
guideway systems indicate that capital costs will be very high. Given that fixed-guideway 
operating costs alone are expected to be higher than truck drayage costs, attempting to 
pay for those capital investments through transport charges would raise those charges far 
beyond a competitive ceiling. Any financial inducement to divert truck drayage trips to a 

Unfavorable Condi�ons Favorable Condi�ons

Multiple separate terminals
Single mul� user or clustered
terminals sharing a system
connec�on

Legacy marine terminals
New, purpose designed marine
terminals

Exis�ng on dock rail
No on dock rail or opportunity to
integrate system

Wheeled container terminals Stacked container terminals
Wheeled inland terminals Stacked inland terminals
Low terminal automa�on High terminal automa�on
Multiple inland points Single inland point
Legacy ROW challenges New or clear ROW context
Elevated (sunken, tunneled) ROW Surface ROW
One weekday terminal shi� (8/5) Mul�ple terminal shi�s (24/7)

Exis�ng truck drayage
No truck drayage, or exclusive system
use

More demand peaking Less demand peaking
Very short distance Medium distance
Very long distance Medium distance
Exis�ng/planned emissions
reduc�ons in competing modes

Unaddressed emissions problem

No precedent for opera�ons
subsidy

Precedent/willingness to subsidize
opera�ons

Table S-2.  Unfavorable and favorable conditions  
for advanced fixed-guideway systems.
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fixed-guideway system, therefore, would have to be substantial. To date, there has been 
little or no public-sector interest in massive freight movement subsidies.

For the most part, these broad policy issues remain unaddressed in the goods movement 
field. Multiple policy tools are in use to influence the mode choice of passengers, including 
transit subsidies, tax incentives, HOV lanes, and selective automobile bans. Outside of emis-
sions regulations and funding for inland waterways, few, if any, policy tools are being used 
to influence mode choice among freight customers.

In the United States, the public sector has supported the development of waterway, rail, 
and highway networks for freight to various degrees. Various agencies have likewise offered 
limited support (e.g., research grants) for the development of new freight technologies and 
for a few freight infrastructure projects. The advanced fixed-guideway container transport 
technologies proposed to date do not appear to be effective solutions to emissions, capacity, 
and congestion problems at U.S. ports. The question remains, however, whether a genuinely 
promising new technology could be supported if it were not commercially viable.
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Inland transport is one of the most serious problems facing U.S. and international container 
ports. Recent work by Tioga for the Cargo Handling Cooperative Program (CHCP) of the U.S. 
Maritime Administration (MARAD) has established that U.S. container ports have substantial 
latent terminal capacity for cargo growth. Such port capacity cannot be attained, however, if 
inland transport links cannot keep up or expand capacity. Port authorities do not control 
the movements of containers beyond terminal gates, but are being held accountable for the 
adverse regional impacts of cargo operations and for developing solutions. The ability of ports 
to expand capacity to meet local, regional, and national demand depends on a good-faith effort 
to find landside transport solutions that also address the social costs associated with cargo 
operations.

The introduction of containers themselves in the 1950s changed ocean shipping forever—
today’s system varies only in detail from that original concept. Likewise, the introduction of 
specialized wharfside container cranes in the 1970s set the pattern for the ship-to-shore move. 
In the 1980s, double-stack container cars revolutionized long-distance inland transport. The 
move between the port and the first 100 miles inland has not seen that same revolution—today’s 
port trucking is little different from practices dating back to the beginning of containerization.

Over the last decade there have been numerous proposals for innovative solutions using a 
variety of technologies and approaches. Developing and implementing successful systems will 
be very costly, and neither the ports nor the communities they serve can afford the time and 
expense of technological dead ends. The urgency of the inland transport problem is thus matched 
by the need to understand the inland transport challenge and give ports, communities, system 
developers, and funding agencies a way to evaluate options and identify the best approaches.

•	 Goals and objectives need to be clarified and linked to evaluation criteria. Proposed inland 
transport systems are both transportation technologies and social issue solutions—evaluation 
criteria must reflect this dual nature.

•	 Ports and regional planners need to be able to narrow the technology field, concentrate 
resources on the options that best match each port’s circumstances, and do so reliably and 
objectively.

•	 Communities need objective information and analysis to judge the options available, the 
progress being made, and the tradeoffs being proposed.

•	 Funding agencies need to allocate limited resources among dozens of competing ideas in a 
controlled, rational process of evaluation.

•	 Developers of innovative solutions need a strong understanding of the challenges they face, the 
context in which a system must perform, and the criteria by which success will be measured.

Communities and political bodies are especially interested in technologies that could take 
container movements off streets, highways, and conventional railroads. Advanced technologies 
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(e.g., LIMs and Maglev) are of particular interest. The claimed benefits of these advanced tech-
nologies include the following:

•	 Increased throughput capacity,
•	 Reduced road and rail congestion,
•	 Reduced emissions and energy use through electric propulsion,
•	 Lower operating costs resulting from automation and efficiency, and
•	 Increased security.

There are concurrent improvements to “baseline” truck drayage. Compliance with state and 
national regulations has dramatically reduced the emissions of the diesel tractors commonly 
used for port container drayage. Other technologies hold the promise of additional improvements 
in emissions and efficiency.

Project Purpose and Scope

This research was to develop a systematic method for evaluating alternatives for ocean container 
transport between deep-water ocean ports and inland destinations within 100 miles. The method 
was to be unbiased, provide equitable measurement factors, and consider the entire container 
drayage scenario between an inland location and a deep-water container port.

The conceptual technologies for moving containers inland vary widely in their state of 
development and market readiness. No automated, advanced-technology container conveyance 
systems operate anywhere in the world, and no complete prototype systems exist. Some concepts 
are derived from transit or people-mover systems; others exist as line-haul test beds; and many 
exist only on paper.

The research team saw the match between port characteristics and transport system features 
as a critical issue. Given the active consideration of alternative container transport systems in 
Southern California, ports there can be regarded as bellwethers for the nation. Container ports 
differ dramatically in their physical infrastructure and operational requirements, but share many 
environmental and energy conservation goals.

Port or public-sector sponsorship of fixed-guideway systems entails a unique risk. Once built 
on any scale, a fixed-guideway system becomes a visible symbol of either success or failure. Ports, 
moreover, do not need a transportation technology (e.g., liner induction motor [LIM] or magnetic 
levitation [Maglev]); they need a complete working system that can deliver the kind of benefits 
listed above while co-existing with legacy terminals, drayage, and rail systems. This is a much 
more ambitious goal than merely moving a container efficiently along a fixed-guideway.

U.S. ports and planning agencies are thus faced with a serious problem. The surrounding 
communities are reluctant to wait for a long research and development period before evaluating 
application of these technologies to urgent local problems. To meet the demand for diligent work 
toward a solution, the ports need a pragmatic yet flexible evaluation of technologies that are still 
in their infancy.

Overall Project Approach

A key challenge throughout the project was to develop common evaluation concepts, criteria, 
and metrics for a wide range of seemingly disparate proposals. That process began at the highest 
conceptual level by asking basic questions.

•	 What is the system goal or objective?
•	 What problem is the system designed to solve?
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•	 Where, or under what circumstances, is the system expected to be applicable?
•	 What is a reasonable basis of comparison between systems?
•	 What questions need to be asked and answered to evaluate the system?

The conceptual nature of most proposed technologies led the research team to start on this 
most basic level and develop a method to match. The approach became necessarily generic to 
accommodate a wide range of proposals with differing features and goals.

The research team began by identifying the proposed advanced container transport and 
truck drayage technologies, their characteristics, and their claimed benefits. This effort led to 
the development of technology matrices to facilitate head-to-head comparisons where possible. 
It became apparent, however, that the available information on technologies and systems was 
incomplete and inconsistent.

The next step was to examine potential goals and objectives for ports, system operators, system 
customers, and regional stakeholders. It became clear that container transport systems might be 
expected to serve a challenging range of goals, from increasing transport capacity and security 
to reducing congestion, emissions, and carbon footprint.

Development of the evaluation method was then governed by the need to accommodate both 
the wide range of options and the wide range of goals. The research team started with a basic 
proposal evaluation process applicable to a wide range of projects and then tailored it as needed 
to the inland container transport context.

The method was applied to case studies of inland transport options at the Ports of Los Angeles/
Long Beach and Baltimore. In both case studies, the research team supplemented the available 
information on systems and system configuration with working assumptions and representative 
information from other fields. In both cases, the research team found that advanced container 
transport technologies were unlikely to solve the key problems or reach the key goals. The case 
studies thus necessarily stopped short of detailed systems comparisons.

Based on the analysis and the case studies, the research team developed findings and con-
clusions regarding the evaluation method; the implications for advanced-technology container 
transport systems and truck drayage; and the circumstances in which advanced-technology 
systems are most likely to succeed. The research team also identified some basic policy ques-
tions regarding the public sector role in inland container transport and transport technology 
development.
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Approach

The search for efficient, low-emission methods of transporting marine containers inland has led 
developers to examine a wide range of technologies and systems configurations. As of early 2014, 
most advanced-technology proposals are conceptual, without working examples in existence. 
Many fixed-guideway proposals would apply technologies used in other applications, chiefly 
public transit and “people movers.” In contrast, truck-based solutions focus primarily on propul-
sion technology, including natural gas, hybrid, battery, and electric options. These factors make 
compiling and comparing system descriptions a challenging task.

The research team approached this deficiency by working backward from the descriptors and 
data elements that would be available for a completed inland transport system. This approach 
breaks down a complete system into its major functional components—line-haul, terminals, 
control systems, and so forth—to highlight areas in which proposals are either complete or 
incomplete and to facilitate development and application of consistent evaluation criteria 
across disparate technologies. This approach also facilitates comparisons between existing 
systems (e.g., conventional truck drayage) and proposed systems that would accomplish the 
same purpose.

The research team’s review of the literature found that previous studies also faced the issue of 
providing systems descriptions to various audiences with differing levels of technical interest. 
In response, the research team’s approach was to create a multi-level descriptive matrix to support 
communication and comparison at multiple levels. These technology/systems descriptions rely 
on the work performed in these previous studies, an extensive literature search, and a review of 
information provided on the websites of the technology suppliers.

The research team compiled available information on all known, active inland container 
transport proposals, based primarily on the preceding work in Southern California on ZECMS. 
In parallel, the research team developed a generic step-by-step description of the inland container 
transport process from marine terminal to delivery at inland destinations within 100 miles. With a 
view toward eventual implementation of complete, permanent transport systems, the research team 
included commercial, managerial, scheduling, and maintenance factors not typically addressed in 
conceptual technology reviews.

As the research progressed it became apparent that the evaluation method would need to 
support different kinds of decisions being made at different points during the technology 
development and implementation process. The research team therefore sought ways to match 
the level of detail available at any given time with the needs of decisionmakers.

C H A P T E R  2

Landside Container  
Transport Alternatives
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Container Transport Technologies

The research team identified a continuum of technologies beginning with very simple 
incremental improvements in the current drayage system and continuing to very new and some-
what unorthodox approaches. The technologies identified by the research team are described in 
Table 2-1. The table includes technologies and proposals as of 2013–2014, when the compilation 
was completed. Although the basic technology options are likely to remain, specific developers and 
proposals are likely to change over time. Generally, these technologies fall into several categories:

•	 Conventional Truck Drayage. This is equivalent to a no-build scenario for port planning 
purposes because it represents the current and evolving status of container drayage.

•	 Advanced Truck Drayage. Hybrid trucks could use existing roadways, although some pro-
posals call for these vehicles to use dedicated truck lanes or rights of way. In some proposals, 
trucks would draw electricity from a power source such as catenary while within a designated 
right-of-way.

•	 Conventional Railway Technology. Conventional railways could provide an alternative to 
truck drayage in the 100-mile range, using either clean diesel locomotives or electric power. 
Electric locomotives are used across the world, although they are not used for inland container 
transport within the United States. Electrification by conventional means (i.e., catenary 
or third rail) could create significant operational issues on existing rail rights of way.

•	 Advanced Fixed-Guideway Technologies. Many proposals suggested that containers be 
conveyed along dedicated guideways using electric power and various high-technology pro-
pulsion systems, chiefly LSM or LIM. In some cases, guideways are proposed for ground level; 
in others they are elevated. To create a frictionless environment with no noise, some proposals 
recommend Maglev used in conjunction with either LIM or LSM propulsion.

Conventional Truck Drayage

Port drayage is conducted almost exclusively by conventional diesel truck tractors pulling 
containers on chassis. Truck tractors are typically purchased used after being retired from 
long-haul or regional truckload service, although there has been an increase in the acquisition of 
new drayage tractors to meet emissions standards. New and proposed drayage truck technologies 
are focused on propulsion technology—otherwise there are few significant operational differences 
from conventional diesel truck tractors.

The current standard system relies on power produced by an internal combustion engine in 
a tractor driving a rubber tire on a conventional highway. The tractor pulls a chassis on which a 
standard ocean container is mounted (Figure 2-1). The system relies on legacy marine and rail 
terminals as well as legacy inland customer facilities.

Clean Diesel

Ordinary diesel fuel has given way to ultra-low sulfur diesel. Engines are continuing to evolve, 
becoming cleaner with each new regulatory standard. For example, model year 1994 and older dray 
trucks emit about 60 times more fine particle (PM 2.5) emissions than year 2007 and newer trucks.

Alternative Fuels

Alternative fuels include ethanol, biodiesel, propane, natural gas, and hydrogen. Many of these 
fuels yield emissions reductions. Hydrogen is a zero-emissions fuel. Natural gas is established as 
an economically and operationally viable fuel for light urban delivery trucks and is also used in 
heavier buses and trash collection trucks. Natural gas engines in heavy-duty freight applications, 
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Name Organization General Descripon Generic Technology

Conventional Drayage Multiple
This is the current standard system using a standard diesel
tractor pulling a chassis holding one container.

Diesel Truck Drayage

Hybrid Trucks Tetra Tech
Use of hybrid diesel electric trucks u�lizing exis�ng streets and
highways in addi�on to newly acquired right of way.

Hybrid Trucks

Hydrogen Hybrid Trucks Tyrano
A prototype hydrogen fuel cell hybrid electric truck, with zero
tailpipe emissions.

Hydrogen Hybrid Truck

MagneTruck™ General Atomics
MagneTruck™ is a proposed concept that would utilize linear
synchronous motors (LSMs) embedded in road surfaces to move
road vehicles along within specially designed traffic lanes.

Linear synchronous motor (LSM)

Electrified Railway Siemens & others
An electric locomo�ve pulling conven�onal rail cars on an
electrified railway.

Electrified Railway

MagneRail™ General Atomics
MagneRail™ is based on the idea of retrofit�ng conven�onal
steel wheel rail lines with linear synchronous motors, most likely
mounted to the railroad �es between the rails.

Linear synchronous motor (LSM)

LIM Rail/MagRail

Innova�ve
Transporta�on

Systems
Corpora�on

LIM Rail is proposed as a retrofit of existing tracks with a linear
synchronous motor system to move containers on railroad
flatcars or conven�onal truck trailer chassis under automated
propulsion and control.

Linear synchronous motor (LSM)

Rail Motor & SPM Maglev
Launchpoint
Technologies

Rail Motor is proposed as a retrofit to conven�onal track, a linear
rail motor to be mounted to exis�ng rail lines to electrically
propel passive railcars and locomo�ves.

Maglev

Flight Rail Corporation
Flight Rail

Corpora�on
Use of a vacuum propulsion technology along an elevated, fixed
guideway system.

Vacuum propulsion

Automated Shu�le Car
System

Automated
Terminal Systems,

Inc.

Automated Shuttle Car System is proposed as a fully automated
cargo container system for transpor�ng cargo containers
between marine/rail and other terminals, including a fully
automated container yard.

Electrified Rails DC Motors

CargoRail/Cargo Tram
MegaRail

Transporta�on
Systems

CargoRail/Cargo Tram is proposed as a coupled dual mode
conveyance that could operate in port and railroad intermodal
areas on existing paved surfaces.

Electrified Rails DC Motors

Container Express Corridor Ci�Car
Ci�Car is proposed to move cargo containers within an
automated corridor using exis�ng railroad track and specialized
electrically powered vehicles.

No design for railcar motor

Container Port Skid Tubular Rail
Container Port Skid is proposed to propel a container carrying
skid (vehicle) on an electric power roller system.

External AC electric propulsion

Electric Cargo Conveyor
System

General Atomics

Electric Cargo Conveyor System (ECCO) is proposed as a grade
separated, fully automa�c – driverless container transport
system using stationary levita�on magnets and linear
synchronous motor propulsion.

Combination of Maglev and LSM

Air Rail Skytech
SkyTech's linear induc�on motor (LIM) powered framework and
its forefront electromagne�c technology provide automated
container moves from point to point.

Linear induc�on propulsion

Southern California Guideway
Southern
California
Guideway

Southern California Guideway is proposed to move pallets loaded
with cargo containers by linear motors in a grade separated
guideway.

Linear Induction Motor (LIM)

SAFE Freight Shu�le
Freight Shuttle

Partners

Freight Shuttle Partners has proposed the use of steel wheeled
vehicles on elevated fixed guideway using linear induction
motors.

Linear induc�on propulsion

Environmental Mi�ga�on and
Mobility Initiative (EMMI)

American Maglev
Technology of

Florida

Environmental Mi�ga�on and Mobility Initiative Logis�cs
Solu�on (EMMI) would use grade-separated magnetically
levitated trains to move cargo containers.

Maglev

Freightrapid
Transrapid

International USA

Freightrapid is a proposed adapta�on of the Transrapid
passenger technology, using electromagne�cally levitated
vehicles, propelled by a linear synchronous longstator motor to
transport standard containers.

Maglev

Bombardier Maglev Maglev Inc.
Use of magnetic levita�on technology along an elevated, fixed
guideway system.

Maglev

LEVX California Freight
Systems

Magna Force, Inc
Use of a levita�on technology employing permanent magnets
along a fixed guideway system.

Maglev

AirHelo International, Inc
AirHelo would use a fleet of lighter than air airships to move
transfer containers from ships to transshipment points.

Airships

Truck Drayage Technologies

Railway Technologies

Advanced Fixed Guideway Technologies

Other Technologies

Table 2-1.  Technologies identified.
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however, are in their infancy compared with mature diesel technology. The abundant supply 
and lower prices resulting from expanding shale gas production have greatly increased interest 
in freight applications.

Advanced Truck Drayage

Hybrids

Hybrid systems are becoming available. A hybrid vehicle typically combines an electric pro-
pulsion system with an internal combustion engine to achieve improved fuel economy over a 
conventional vehicle. A hybrid electric vehicle produces fewer emissions than a gasoline or diesel 
vehicle equivalent, with further reductions occurring when the internal combustion engine is 
shut down while the vehicle idles. Many of these systems use the energy developed by regenerative 
braking stored electrically or hydraulically.

Hydrogen-Hybrid Trucks

The Ports of Los Angeles and Long Beach are funding the demonstration of a hydrogen/electric 
hybrid vehicle. Except for propulsion, the vehicle is otherwise ordinary and can use legacy streets 
and highways as well as marine, rail, and customer facilities.

Battery-Powered Trucks

Battery trucks are, so far, restricted to either light-duty or in-terminal operations and do not 
yet have the storage capacity for routine use in port container drayage. Although this technol-
ogy is expected to progress and improve, the capacity limits of battery trucks are a major factor in 
developing wayside power options. The Ports of Los Angeles and Long Beach are also funding the 
demonstration of a battery-powered heavy-duty truck. Except for propulsion, the vehicle is other-
wise ordinary and can use legacy streets and highways as well as marine, rail, and customer facilities.

Electrified Highway Drayage

This system relies on electric power typically provided by overhead catenary. The power is pro-
vided to a motor in an otherwise conventional highway tractor. The system would require some 
other vehicle or hybrid capability in order to use legacy marine and rail terminals as well as legacy 

Figure 2-1.  Class 8 drayage tractors.
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customer facilities. Wayside power, typically via overhead wire, is in common use for trolley buses 
and heavy-duty mining trucks. Wayside power requires route-specific infrastructure, either cat-
enary over public roadways or an exclusive road system. Trolley buses and mining trucks typically 
stay on the system. A closed system might be appropriate for movements between marine terminals 
and inland rail terminals, but would forego the inherent flexibility and scalability of truck drayage.

Wayside/Battery Trucks

A promising variation not yet tested is wayside/battery power. In such a system, the truck 
tractor would use wayside power where available for both propulsion and charging the battery 
and use the battery alone for short trips off the wayside power system. The wayside power/
battery combination is intended to allow the truck free-ranging operation at either end of the 
line-haul trip. This arrangement would allow electric trucks to intermingle with diesel or natural 
gas trucks in unmodified marine and rail terminals, and to serve “off-wire” points inland within 
operating range of catenary power. Such a system would, however, require a way for trucks to 
move smoothly between wayside power and battery operations. The transition would be more 
challenging on public roadways.

Magnetruck™

This conceptual system relies on electric power and a Linear Synchronous Motor (LSM). The 
power is provided to a specially equipped rubber-tired tractor operating on a highway equipped 
with an LSM. The system would rely on the tractor’s hybrid power capability to use legacy 
marine and rail terminals as well as legacy customer facilities.

Truck Platooning

Truck platooning refers generally to methods for operating trucks in closely grouped sets, 
with the goal of reducing fuel and labor costs and increasing effective highway capacity. There 
are multiple concepts for truck platooning:

•	 Electronically linked “trains” of trucks following a lead driver, exemplified by the European 
Safe Road Trains for the Environment (SARTRE) project or the Japanese Energy ITS project.

•	 Ad hoc platooning of vehicle-to-vehicle linked trucks, exemplified by the Peloton system.

Platooned trucks with linked automatic braking system can travel closer together than unlinked 
vehicles because the reaction and braking time of the automated systems exceeds that of human 
drivers. The ability to travel closer together at high speeds results in less aerodynamic drag and 
thus greater fuel economy.

Results to date suggest that potential fuel savings may be in the range of 5–7% at highway 
speeds (e.g., 65 mph in recent tests). Demonstrations of the Peloton approach in 2013 and 2014 
yielded fuel use reductions of 4–5% in the lead truck and 10% in the rear truck; about 7% on 
average. Because aerodynamic drag is a function of the square of the speed, however, fuel savings 
at the lower speeds typical of local and regional drayage would be far less.

Labor saving depends on the trailing trucks being driverless, which for safety reasons is only 
envisioned for closed-system, dedicated lane operations. For local and regional drayage, driverless 
trucks would be impractical. The only potential application may be in container trips between a 
single marine terminal and a single off-dock rail terminal.

The ability to operate trucks closer together (e.g., 10 meters apart at 65 mph) is also less 
important at lower speeds where trucks are already closely spaced. The ability of platooning to 
increase net capacity is therefore extremely limited. Research for Caltrans under the PATH project 
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found that gains by platooned long-haul trucks were achieved at the expense of short-haul trucks 
(which would include most drayage) and passenger vehicles.

The research team did not treat truck platooning as a separate candidate container transport 
technology for the following reasons:

•	 Overall, progress to date on the truck platooning concept suggests that it would be most effective 
at higher speeds and on longer trips than are typical of local and regional truck drayage or 
container distribution.

•	 If implemented on exclusive rights-of-way, truck platooning features such as automatic gap 
adjustment and braking could become part of the guideway and propulsion systems exam-
ined above. In the Southern California I-710 case, the electric drayage scenario included truck 
platooning capabilities.

•	 If implemented in a vehicle-to-vehicle format, such as the Peloton demonstrations of 2013 
and 2014, truck platooning would be a method of improving truck performance rather than 
a container transportation system per se.

Conventional Railway Technology

For this research “conventional” rail technologies are defined as those that can operate over 
existing or retrofitted rail track and right-of-way rather than requiring new guideway. The options 
for conventional rail systems, as with truck drayage, focus on propulsion:

•	 Clean Diesel Locomotives. Clean diesel locomotives (e.g., EPA Tier III standards).
•	 Natural Gas Locomotives. Natural gas (requiring new or modified locomotives and perhaps 

natural gas “fuel tenders”).
•	 Conventional Electrified Railway. This system relies on electric power typically provided by 

an overhead catenary. The power is provided to a motor in a locomotive driving a steel wheel 
on a railway. The locomotive pulls a set of unpowered rail cars. Train lengths may be 1 mile 
or longer. Containers may be mounted one or two high. Typically, catenary is not provided 
in container transfer facilities and a diesel locomotive is required for terminal switching. With 
that provision, the system can use legacy marine and rail terminals. Final delivery to customer 
facilities is typically by conventional truck drayage.

•	 LSM Rail Retrofits. The conceptual MagneRail™, LIM-Rail, and Rail Motor. Systems rely on 
electric power provided by an LSM or similar technology retrofit to existing railroad tracks. 
The power is provided to a specially equipped rail car (“power car”) or locomotive, which can 
then pull container cars.

Advanced Fixed-Guideway Technologies

The proposals attracting the most attention are those employing advanced technologies over 
new fixed guideways. The advanced technologies in question use different combinations of 
propulsion, suspension, guidance, and control.

Propulsion

All of the advanced technologies proposed for inland transport are electrically powered using 
one of a few basic methods:

•	 Conventional electric motors, via steel or rubber wheels. The Automated Shuttle Car, 
CargoRail/Cargo Tram, and Tubular Rail/Container Port Skid proposals use conventional 
electric motors for propulsion.
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•	 Linear Induction Motors (LIMs). LIMs are asynchronous AC motors that have been effectively 
“unrolled” over a guideway. In LIM applications, the electromagnetic stator (primary) of the 
motor is typically built into the vehicle with the rotor (secondary) consisting of a “reactor rail” 
or flat metal sheets centered in the guideway. The SAFE Freight Shuttle, Southern California 
Guideway, Air Rail, and Environmental Mitigation and Mobility Initiative Logistics Solution 
(EMMI) proposals include LIM propulsion.

•	 Linear Synchronous Motors (LSMs). LSM systems typically use permanent magnets on the 
vehicles and electromagnets in the guideway. This approach usually reduces the cost and 
complexity of the vehicles, but increases the complexity of the guideway. LSM technology is 
increasingly used in roller coasters. The Electric Cargo Conveyor System (ECCO), SPM Maglev, 
Freightrapid, and Bombardier Maglev are proposed LSM systems.

•	 Other systems. The Flight Rail concept relies on stationary electric power to create a vacuum 
in a tube located in a guideway. Locomotion is provided by driving a piston through the tube. 
The LEVX proposal involves vehicle-mounted magnetic discs rotating near an aluminum 
linear reaction rail mounted in the guideway to provide propulsion.

As part of the FTA Urban Maglev Technology Development Program, Sandia National 
Laboratories conducted a comprehensive evaluation2 of these technologies and found that 
each had advantages and disadvantages for passenger operations. Those findings are relevant 
to the current effort. The most basic difference between the two propulsion systems is that 
LIM can be generally characterized as a “smart vehicle/dumb guideway” technology while 
LSM employs a “dumb vehicle/smart guideway” concept. The FTA study found that LIM was 
generally more reliable, easier to maintain, more flexible in operations, and had lower capital 
and operating costs than LSM. LSM, on the other hand was more energy efficient and could 
operate at higher speeds because of lighter-weight vehicles. However, in freight movement 
operations, the higher speeds possible with LSM-propelled vehicles are probably not relevant 
to this evaluation process.

Suspension

The major variations in suspension are between wheeled systems and magnetically levitated 
(Maglev) systems. Conventional systems may use either rubber or steel wheels and some com-
bination of springs and hydraulics to maintain contact with the guideway and cushion the 
ride. Maglev systems use electromagnetic arrays to raise the vehicle off the guideway, thereby 
reducing friction and enabling higher speeds at the cost of higher power consumption. Being 
“contactless,” Maglev systems typically use LIM or LSM propulsion. Other options include the 
roller-supported Tubular Rail concept.

Guidance

The fixed-guideway systems, by definition, rely on the guideway (track) for guidance. For 
wheeled systems, the wheels follow either paired or single rails. Maglev systems use the magnetic 
array to track the rail or rails in a similar fashion. The differences in guidance systems have critical 
implications for network complexity. Wheel-on-rail turnouts (switches) for conventional, LIM, 
and LSM systems are basically the same as standard railroad turnouts, with the addition of power 
or reactor rails. These turnouts take 5 to 10 seconds to change routes, depending on geometry. 
These turnouts can permit vehicles to change routes or enter/exit terminals at full speed.

2 FTA Urban Maglev Technology Development Program, Colorado Maglev Project, “Comparison of Linear Synchronous and 
Induction Motors,” Report Number: FTA-DC-26-7002.2004.01, June 2004.
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Turnouts for Maglev systems are far more complex. Traverser types that allow high-speed 
operation are large (up to 80m) and slow to change directions.

The more conventional types used in yards and terminals take 30 to 40 seconds to change 
routes and require operations at more moderate speeds. These limitations of Maglev guidance 
are relatively unimportant in larger point-to-point systems but can significantly impair system 
performance and capacity in systems linking multiple port-area terminals.

Control

Advanced fixed-guideway technology proposals ordinarily envision automated control. 
Automated control is clearly feasible for line-haul movement. The Skytrain LIM system in 
Vancouver, BC, has been automated for nearly 30 years, and most airport people movers are 
automated. The feasibility of automation in intermodal transfer terminals, however, has not 
been demonstrated.

The proposed systems described below are the best-documented of the current proposals and 
have many features in common with other options.

Representative Advanced Fixed-Guideway Systems:  
Safe Freight Shuttle

Freight Shuttle Partners has proposed the use of steel-wheeled vehicles on elevated fixed  
guideways using LIMs (Figure 2-2). The contact for the technology is Freight Shuttle Partners, LLC, 
Saint Helena, CA. The system is a Texas Transportation Institute (TTI) initiative. The Texas 
A&M System has exclusively licensed all patented technology to Freight Shuttle Partners (FSP). 
TTI recently published the report, FHWA/TX-11/9-1528-1, which describes the system as 
follows:

The Freight Shuttle is an automated conveyance designed to transport standard intermodal containers 
over a specially configured, fixed guideway. The guideway-vehicle combination comprises the elements 
necessary for an electrically-powered linear induction motor—with the stator positioned as a vertical 
element in the center of the guideway and the motor windings positioned on either side of the stator as 
opposing linear motors on each shuttle vehicle. The shuttle vehicle is positioned across and straddles the 

Figure 2-2.  Concept drawing of the freight  
shuttle system.3

3 Roop et al., Report 9-1528-1, Project 9-1528, The SAFE Freight Shuttle: A Proposal to Design, Build, and Test an Alterna-
tive Container Transport System, Performed in cooperation with the Texas Department of Transportation and FHWA,  
November 2010, Published: January 2011, Texas Transportation Institute, The Texas A&M University System, College Station, 
Texas 77845-3135, pp 3–4.
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vertical guideway in a manner that prevents decoupling from the guideway. The system is further 
characterized by steel wheels operating on a continuous steel running surface. The guideway’s track sur-
face consists of a reinforced concrete structure of sufficient thickness and width to support fully-loaded 
intermodal containers. The guideway can be elevated or installed alongside existing roadways or other 
facilities, thereby utilizing existing highway or other rights-of-way.

The shuttle vehicles are designed to operate as single-unit transports; each dispatched to its destination 
as the loading process is completed. The overall system is designed to operate as a continuously circulating 
conveyor of containers or truck trailers over distances ranging from a few miles up to 500 miles. The 
infrastructure is designed to support multiple vehicles operating simultaneously, with the upper range 
in vehicle numbers established by customer demand, economic operating velocity, and guideway length. 
The drawing depicts the basic system elements: an automated vehicle, elevated guideway, and cargo bay 
designed to support and transport one intermodal container or truck trailer.

As of mid-2014, the Freight Shuttle System remains conceptual.

Representative Advanced Fixed-Guideway Systems:  
Electric Cargo Conveyor System

The proposed Electric Cargo Conveyor System (ECCO) relies on stationary electric power 
in a (mostly) grade-separated guideway with an LSM driving platform vehicles equipped with 
stationary levitation magnets (Figure 2-3). Standard ocean containers are mounted using legacy 
marine and rail terminal lift equipment. The system is envisioned operating as a fully automated, 
driverless system. Vehicles would move as individual units rather than trains. The Center for the 
Commercial Deployment of Transportation Technologies (CCDoTT), California State University, 
Long Beach, describes the system as follows:

Instead of wheels where a shipping container’s entire weight is focused on a small contact area, the ECCO 
system uses a large area of permanent magnets under the carriage to distribute the container weight uniformly 
over the carriage and the underlying guideway. Thus, ECCO not only has the largest payload-to-carriage 
ratio of any land transport, but also—due to minimum stress on the guideway—is the most reliable and 
economical method to elevate freight transport.

In addition to eliminating wheels and their accompanying noise and vibration, ECCO further advances 
land transport by having its electric motor within the guideway, and not in each carriage. This Linear 
Synchronous Motor (LSM) powers only the short portion of the guideway where a container carriage is 
present thus assuring minimum energy use and maximum safety. Extra power for steep grades can be 
built into the guideway where needed, rather than augmenting on-board propulsion. Using stationary 
electrical power, ECCO produces no pollution along its path.4

4 http://www.dot.ca.gov/hq/tpp/offices/owd/forum_files/ECCO_documents_for_printing%20.pdf
5 http://atg.ga.com/EM/transportation/ecco/index.php

Figure 2-3.  ECCO concept graphic.5

Evaluating Alternatives for Landside Transport of Ocean Containers

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22136


26  Evaluating Alternatives for Landside Transport of Ocean Containers

General Atomics, San Diego, CA, further describes the system as follows:

The system uses magnet blocks mounted on the chassis assembly of the vehicles. There is no active 
power system on vehicle—only permanent magnets. This allows use of guideway tracks that are lighter, 
cheaper, and less intrusive. The Halbach Array magnet configuration adds the benefits increased mag-
netic field strength and very low magnetic fields in passenger compartments and near stations (well below 
allowable standards). The larger air-gap enables less expensive guideway construction.

The ECCO line-haul technology has been demonstrated in a prototype container-carrying form.

Technology Matrix

The research team developed an extensive Excel-based matrix to organize the available infor-
mation on proposed container transport technologies and to identify important information 
gaps. The matrix, presented in Appendix B (available on the project web page), covers the fol-
lowing technologies:

•	 Hybrid Trucks
•	 Flight Rail Corporation
•	 AirHelo
•	 Electrified Railway
•	 Automated Shuttle Car System
•	 CargoRail/Cargo Tram
•	 Container-Express Corridor
•	 Container Port Skid
•	 Electric Cargo Conveyor System
•	 MagneTruck™
•	 MagneRail™
•	 LIM-Rail/MagRail
•	 Air Rail
•	 Southern California Guideway
•	 SAFE Freight Shuttle 
•	 Environmental Mitigation and Mobility Initiative (EMMI)
•	 Freightrapid
•	 Rail Motor & SPM Maglev
•	 Bombardier Maglev
•	 LEVX California Freight Systems

As Appendix B (available on the project web page) shows, at this stage of development the infor-
mation gaps predominate. The task of compiling information is also complicated by similarities 
between proposals and the changing use of nomenclature over time.
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Approach

The diversity of inland container transport options and technologies demands clear goals and 
flexible, performance-based evaluation criteria. Both the technology options and their claimed 
advantages are many and varied, as are stakeholder concerns and priorities. These evaluation 
criteria might be used to assess container transport technologies for research and development 
support or to choose among system candidates for actual implementation. Accordingly, the 
research team developed a set of proposed performance-based criteria reflecting the transporta-
tion, emissions, energy utilization, and congestion relief goals and cost implications of alterna-
tive inland transport options.

Container Transport System Goals

An analytic discussion of criteria begins with goals: what are alternative container transport 
technologies and systems intended to achieve? A 2007 presentation on container transport and 
port-area technology clusters6 offered this ambitious goal:

“To move much more cargo . . . 
. . . with far less pollution . . . 
. . . more securely . . . 
. . . with better cargo tracking . . . 
. . . at a higher throughput per acre . . . 
. . . with less traffic congestion . . . 
. . . using less energy . . . 
. . . and the energy should be generated from renewable sources . . . 
. . . without driving up the price”

Although such an achievement might seem near-miraculous, some advocates of alternative 
systems claim nearly all these benefits, with the consequence that some community representatives 
may be expecting those kinds of results.

A more pragmatic, but still ambitious, list of objectives is included in the 2006 Port of Long 
Beach ATTEC RFP:7

•	 Reduction in truck trips to/from the ports
•	 Reduction in truck trips on I-710, Alameda St., and SR-103

C H A P T E R  3

System Goals and  
Evaluation Criteria

6 “Building a Maritime Technology Cluster at the San Pedro Bay Ports,” presentation by William Lyte, Kennedy/Jenks 
Consultants, 2007
7 “Request for Proposals (RFP) to Provide Transportation Technology Evaluation Comparison and Services to the Port of Long 
Beach Planning Division,” 2006
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•	 Reduction in truck Vehicle Miles of Travel (VMT)
•	 Changes (presumably reductions) in noise and aesthetic impacts
•	 Reduction in criteria and toxic pollutants
•	 Reduction in truck accidents
•	 Reduction in health care costs

The 2009 Port of Los Angeles and Long Beach Request for Concepts and Systems (RFCS)8 laid 
out a narrower goal with four specific objectives:

Goal: Moving containers between marine terminals and near-dock intermodal facilities by an alternative 
mode of transport that generates zero-emissions at no cost to the Ports and ACTA [Alameda Corridor 
Transportation Authority].

Objectives:

•  Developing an integrated system with innovative technologies and creative financing plans through the 
Public-Private Partnerships (P3) framework.

•  Reducing air pollution attributed to drayage trucks.
•  Reducing traffic congestion and improving traffic safety in and around harbor districts.
•  Maintaining or improving current cargo velocity and productivity.

These goals and objectives correspond closely to what Roop, in a 2006 presentation,9 called 
“21st Century Freight Transportation Challenges”:

•	 Public safety
•	 Environmental impact
•	 Air
•	 Noise
•	 System capacity
•	 System maintenance and preservation
•	 Adverse impact on quality of life
•	 Oil dependency
•	 Security

These and other discussions of system and technology goals and objectives have common 
threads:

•	 Reducing emissions, congestion, noise, truck miles traveled, energy use, and community impacts.
•	 Maintaining or improving capacity, reliability, throughput, productivity, velocity, security, 

and safety.
•	 Maintaining or reducing container transport costs and prices without subsidy from the port.

Transportation Criteria

Systems and technologies can only reduce emissions and other adverse impacts through mar-
ket forces if these systems and technologies also meet the second and third objectives. Unless the 
capacity, service, and cost are better than conventional transport systems (e.g., truck drayage and 
on-dock rail transfer), market forces alone will not enable alternative systems to attract enough 
patronage to have a significant impact.

The 2009 LA/LB RFCS presented a financial challenge. Until then, most technology and sys-
tems proposals implicitly assumed substantial financial support from the ports or some other 

8 “Zero Emission Container Mover System, Request for Concepts & Solutions,” Port of Long Beach, Port of Los Angeles, 
Alameda Corridor Transportation Authority, 2009
9 “Exploring A 21st Century Alternative for Container Transport,” presentation by Stephen S. Roop, Ph.D., Texas Transporta-
tion Institute, to the IANA Operating Committee, 2006
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non-commercial source. By requesting system proposals that would fulfill the environmental 
and transportation objectives at no cost to the ports, the RFCS effectively declared the ports to be 
interested in a self-supporting “turnkey” system, rather than in financing technology and system 
development, construction, and operation.

The alternative to market forces would be regulation or law requiring use of alternative 
container transport technologies in place of truck drayage or conventional rail service. The Ports 
of Long Beach and Los Angeles have already intervened in the market through the Clean Truck 
Program, requiring the use of lower emission trucks for drayage service at port terminals. Such 
interventions are inherently risky however—the mobility of containerized trade and the ability of 
customers to shift cargo flows from any port that imposes higher costs or reduces service quality. 
Containerized cargo flows can be roughly divided into three classes:

•	 Local flows moving intact to or from consignees or shippers in the port area.
•	 Transloaded flows moving to or from import or export transloading facilities in the port area 

prior or subsequent to inland movement in domestic equipment.
•	 Intermodal flows moving intact by rail to or from more distant inland points.

These flows are progressively more discretionary and divertible. Should an alternative con-
tainer transport system impose non-market costs, some cargo is likely to move to other ports. 
The amount of diversion and its impact on systems goals would depend on the price or service 
elasticity of demand, the extent of non-market costs, and the comparative advantages of 
competing ports.

There is a critical distinction between line-haul technologies, freight movement applications, 
and complete transport systems. Each container movement option consists of a line-haul technol-
ogy (e.g., LIMs or hybrid highway tractors) which then must be embedded in an end-to-end 
container transport system linking marine terminals with inland terminals (Figure 3-1). Many 
of the line-haul technologies proposed to date are modifications of people-mover systems in 
operation around the world, but, as noted in the 2010 Keston Institute report, it is not clear that 
success in a passenger application is directly transferable to a heavy industrial application such 
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Figure 3-1.  Container transport system context.
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as container freight movement. Only after this question has been answered is it appropriate to 
move onto the implications for the system as a whole.

The task of an inland container transport system is to move containers between marine container 
terminals on one hand and inland facilities on another. The inland facilities could include

•	 Rail intermodal terminals
•	 Satellite marine terminals
•	 Local importers, exporters, or transloaders

Most proposals for inland transport systems have focused on rail intermodal terminals or 
satellite marine terminals (both sometimes labeled “inland ports”) that generate concentrated 
high-volume container flows to and from marine container terminals. The focus on rail inter-
modal terminals and satellite marine terminals means that, in most cases, no consideration is 
given to movement beyond those points. For rail intermodal terminals, that approach is usually 
justified, because movement beyond is by conventional rail, regardless of the mode between 
rail and port. In the Los Angeles-Long Beach (LA/LB) case study, however, the viability of a 
fixed-guideway inland transport system depends in part on how much rail intermodal traffic is  
handled at off-dock versus on-dock transfer facilities. In contrast, movements to local importers, 
exporters, or transloaders can be spread over a large area. For satellite terminals or “inland 
ports,” the evaluation scope should probably include the “last mile” trip to and from the actual 
customer by truck to be comparable to over-the-road drayage.

The end-to-end transport system is, in turn, part of the broader container port/terminal/
inland transport complex in which it operates and perhaps interacts with other systems. The 
port/terminal/inland transport complex is then part of the community and region in which it 
must coexist, generate economic growth, and minimize adverse impacts. Ultimately, the value 
of a proposed container transportation system must and will be evaluated at all four levels.

A different formulation of the same issue is provided by the TRAIL model (Figure 3-2) developed 
at the Delft Institute of Technology.10 This figure shows the “means of transport”—the line-haul 
technology—within multiple layers of responsibility and interaction and specifically notes the 
need for traffic control, capacity allocation, logistic control, and market interaction, which the 
research team has attempted to capture in the suggested evaluation criteria.

As Figures 3-1 and 3-2 indicate, proposed line-haul technologies for moving containers between 
terminals must eventually become part of complete systems to be of practical use. With rare 
exceptions, ports and planning agencies are not in the business of technology development 
or systems integration.11 Ports or planning agencies would ordinarily need to choose between 
complete candidate systems rather than choosing a line-haul technology and building a system 
around it. In the most pertinent example to date, the 2009 RFCS from the Ports of Los Angeles and 
Long Beach anticipated a Design/Build/Finance/Operate/Maintain project that did not involve 
either port in technology development or system design.

Other stakeholders, however, may be in a position to evaluate competing technologies 
independent of their incorporation in complete systems. Research and development sponsors may 
need to evaluate grant proposals for technology development funding. Systems integrators or 
engineering firms developing complete systems proposals will need to choose between line-haul 
technology options. Potential investors approached by technology developers will need to evaluate 
the potential of line-haul technologies to become parts of successful systems.

10 “Operating Models for Dedicated Transportation Systems and Their Implications,” TRAIL Research School, Delft, 
December 1999
11 The LA/LB Technology Advancement Program (TAP) is an exception, a port-funded program intended to “accelerate the 
verification or commercial availability of new, clean, technologies through evaluation and demonstration to move toward an 
emissions-free port” (TAP Annual Report, 2009).
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Technology evaluation criteria should focus on line-haul performance (e.g., capacity, velocity, 
operating cost, reliability, availability, safety, and ability to handle different container types 
and weights) and environmental aspects (e.g., emissions and energy use). Line-haul technology 
criteria cannot realistically address issues such as traffic congestion, market share, or price because 
line-haul technology alone cannot determine those outcomes.

The more extensive system evaluation criteria serve two purposes:

•	 As a “checklist” for the functions that must be fulfilled by a complete container transport system.
•	 As the basis for evaluation of complete system proposals.

An initial “checklist” is illustrated by the 2010 Keston study12 evaluation matrix, a sample of 
which is shown in Table 3-1.

These criteria, such as the availability of a business plan, were used in the Keston evalua-
tion to check the completeness of the proposal rather than to compare the merits of competing 
systems.

Political and Social Acceptance Criteria

Port capacity, congestion, and emissions are technical problems to be solved, but the technical 
solution must also be politically and socially acceptable. Moreover, because the interest in 
alternative container transport systems is driven primarily by environmental and social issues, 
such issues may take precedence over technical performance or cost metrics.

TRANSPORT MARKET
MARKET INTERACTION

CARGO
LOGISTIC CONTROL
TRANSPORT UNITS

CAPACITY ALLOCATION
MEANS OF TRANSPORT

TRAFFIC CONTROL
INFRASTRUCTURE

SOCIAL INTERACTION

RESOURCE MANAGEMENT

MANAGEMENTTECHNOLOGY

SOCIETY

RESOURCES

Figure 3-2.  TRAIL model for transport interactions.

12 “Review of Concepts and Solutions to Provide Zero-Emission Container Movement Systems (ZECMS) to the Ports of Long 
Beach and Los Angeles,” Prepared by Keston Institute for Public Finance and Infrastructure Policy, University of Southern 
California, July 2010

Evaluating Alternatives for Landside Transport of Ocean Containers

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22136


32  Evaluating Alternatives for Landside Transport of Ocean Containers

Figure 3-3 diagrams the generic progression from technical and economic data through objec-
tive technical judgment to the crucial incorporation of social values and criteria.13a

Another formulation is offered by Dimitrijevic and Spasovic13b with specific application to auto-
mated guided vehicle systems in container ports. They suggest four categories:

•	 Financial impacts, including construction costs, maintenance costs, operation costs, revenues, 
and increase or reduction of fares for transit systems.

•	 Socioeconomic impacts, including land values, reduction of congestion, employment during 
and after project implementation, and induced employment.

•	 Environmental impacts, including change in noise levels, change in vehicle emissions, change 
in land use, and energy consumption.

•	 System performance, including compatibility with existing system, increase in capacity, 
technology reliability, and change in accident rates.

Triple Bottom Line

These concepts and the deliberate incorporation of environmental and social/community 
values are critical. The driving force behind port and community interest in alternative con-
tainer transport technologies is their promise of emissions reduction and congestion relief, 
not cost savings or increased capacity. The “overall worth” of a solution must be evaluated 
on what has sometimes been called the triple bottom line (TBL), i.e., “TBL: economics, 
environment, and community impact.” Mazmanian, Pisano, Little, and Linder14a describe 

Source: “Review of Concepts and Solutions to Provide Zero-Emission Container Movement Systems (ZECMS) to the Ports of 
Long Beach and Los Angeles,” prepared by Keston Institute for Public Finance and Infrastructure Policy, University of 
Southern California, July 2010.

Table 3-1.  Sample Keston completeness matrix.

13a Hammond, K.R and L. Adelman. 1976. “Science, Values, and Human Judgment,” Science, 194:4263, 389–396.
13b “Innovative Transportation Technologies—an Alternative for Providing Linkages Between Port Terminals and Inland 
Freight Distribution Facilities,” Branislav Dimitrijevic and Lazar Spasovic, 2006.
14a “Governance and Financing Policy in Southern California: Transformative Changes to Achieve Climate Change Goals,” 
Dan Mazmanian, Mark Pisano, Richard Little, Alison Linder, 2009.
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the TBL concept in its application to the Southern California goods movement system as an 
approach that

“ . . . combines economic growth, environmental and health safeguards, and an improved quality of life 
for all the people in the region into the ultimate gauge of the region’s prosperity.”

Although those words may sound utopian, planning agencies, air quality boards, and sur-
rounding communities can effectively halt port initiatives that do not successfully balance the 
three bottom lines.

The TBL concept is a major touchstone for this analysis, because it relates directly to the 
broadened scope of port authority responsibility and the interest of those authorities in inland 
transport. Until recent decades, ports focused almost exclusively on moving cargo and creating 
jobs, and their success was measured in economic terms. The effective span of their responsi-
bilities has been expanded by regional and local concerns for environmental and community 
impacts. As discussed later in the LA/LB case study, port infrastructure projects can no longer 
proceed without satisfying environmental and community impacts criteria, as well as having 
favorable economics. The TBL concept captures this change.

As noted earlier TBL goals are interdependent. Environmental goals of emissions and energy 
use reduction depend on the environmental characteristics of the technology and system chosen 
and on the ability of that system to attract container traffic from other systems and modes. Con-
gestion and noise reduction also depend on the ability of the system to attract trips from highway 
drayage. The economic and service characteristics of the proposed technology and system 
may thus be as important or more important to environmental and community impact goals 
than the emissions or energy use of the technology itself.

Criteria versus “Desirables” and Proxies

Many of the source materials reviewed for the research list or imply desirable technology 
or system characteristics that do not translate into selection criteria. These characteristics are 
essentially proxies for corresponding technical or social factors. In these cases, the research 
team attempted to determine the underlying objective and corresponding technical criteria. 
For example, documents and presentations expressed a preference for simple, proven, or well-
established technologies. The apparent assumption is that use of simple, proven, or well-established 
technologies is more likely to reduce risk, reduce cost, and shorten implementation time. Risk, 

Figure 3-3.  Criteria development schematic.

Y1

OVERALL
WORTH

SOCIAL
VALUES

Y2

Y3

W1

W2

W3

X1

X2

X3

Xn

SOCIAL
JUDGEMENTS

ECONOMIC/
TECHNICAL

JUDGEMENTS

ECONOMIC/
TECHNICAL

DATA

Evaluating Alternatives for Landside Transport of Ocean Containers

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22136


34  Evaluating Alternatives for Landside Transport of Ocean Containers

cost, and implementation time are, therefore, the corresponding technical criteria. Other sources 
promoted the port’s “competitive edge” or the competitive position of the region, which typically 
translates into throughput capacity, cost, transit time, and reliability.

Summary Criteria

To reach the goals and satisfy the detailed criteria set out above, a container transport system would 
have to be buildable, affordable, and successful at diverting trucks from the highway alternative.

Transportation Criteria: The transportation criteria for a successful inland container trans-
port system include

•	 Technical feasibility for construction and operation within the port/sponsor’s timeframe.
•	 Sufficient capacity to support port growth and divert a significant number of trips from highway 

drayage.
•	 Commercially competitive price and service (including safety, reliability, and security).
•	 Cost-effectiveness in construction and operation.
•	 No or minimal/supportable need for subsidy.

A system that fails at any one of these criteria is either technically or economically infeasible, 
or will not attract enough traffic to fulfill the environmental and community goals.

Environmental Criteria: Environmental criteria for a successful container transport system 
include

•	 Reduced criteria pollutant emissions relative to highway drayage.
•	 Reduced energy use relative to highway drayage.
•	 Reduced GHG/carbon footprint relative to highway drayage.

Criteria pollutant emissions, energy use, and GHG/carbon footprint may all be reduced together 
for some alternatives, but may change separately for alternative fuels and other technologies. 
Increased efficiency (e.g., fewer vehicle miles or hours for the same throughput) would also 
improve environmental performance.

Community Impact Criteria: To reduce adverse community impacts, a container transport 
system should

•	 Reduce traffic congestion (e.g., reduce truck trips and/or miles traveled).
•	 Reduce noise (by reducing truck trips or using quieter technology).
•	 Reduce neighborhood disruption (e.g., reduce activity and infrastructure in commercial and 

residential areas).

These community criteria would be addressed simultaneously by systems that divert trucks 
from local and regional roads and highways.

Technical Feasibility

Technology Readiness Level (TRL)

A critical component of the evaluation process will be the readiness of each option for imple-
mentation. Technology Readiness Levels (TRLs) provide a relatively straightforward means to 
compare diverse technologies and approaches from a common baseline and would be useful in 
this application. The TRLs for integrated technology planning are summarized in Figure 3-4.

These TRLs were first formally applied to container transport technologies in the 2010 
Keston report. The progression from TRL1 through TRL9 reflects the emergence of a potential 
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application of basic research knowledge and its subsequent development and testing before 
implementation in the intended application and environment.

•	 So-called “paper” concepts that have not been tested with physical or computer models or 
prototypes would usually be in TRLs 1 and 2. A few of the alternative container transport 
technologies in the literature are in those categories.

•	 TRLs 3 and 4 correspond to demonstrations of physical feasibility through laboratory experi-
ments or testing. Many of the container transport proposals are in these categories because 
their basic principles (e.g., magnetic levitation, linear induction) have been demonstrated to 
be feasible in tests or other applications.

•	 TRLs 4 and 5 continue the process with the development and testing of models or prototypes. 
A few of the line-haul technology proposals have attained this level, notably proposed appli-
cations of “people-mover” systems to container movement operations. These proposals have 
typically demonstrated that the proposed guideway and propulsion system design can move 
a vehicle (or a vehicle with a container) from point to point.

•	 TRLs 6 and 7 reflect a shift from a laboratory or proving ground environment to first a 
“relevant environment” and then the “operational environment.” The term “environment” 
in this context would encompass both the physical conditions at a container port (e.g., distance, 
grade, weather, and right-of-way constraints) and the operating conditions (e.g., variability 
of container types, sizes, and weights and the need for switching between routes). None of the 
alternative technology proposals has reached TRL 7. The Keston report and subsequent Port  
documents14b note that most of the proposals did not take the realities and complexities of the 
port’s working environment into consideration.

•	 TRLs 8 and 9 correspond to complete “systems” (in this case the line-haul system) tested, 
demonstrated, and operated in the working environment. No proposed alternative technologies 
are at this level as yet.

Source: “Request for Concepts and Solutions for a Zero Emission Container Mover 
System—Findings and Recommendations,” memorandum from Eric C. Shen, August 2, 2010.

Figure 3-4.  Technology readiness levels.

14b “Request for Concepts and Solutions for a Zero Emission Container Mover System—Findings and Recommendations,” 
memorandum from Eric C. Shen, August 2, 2010.
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Preliminary review of technology and the recent round of system proposals indicate that 
different parts of the concepts are frequently at different TRLs. The line-haul technologies 
may be at one TRL while a complete system built around the technological concept might  
be at a much lower TRL. Accordingly, the evaluation criteria should separately assess the 
TRLs for

•	 Line-haul technology
•	 Guideway
•	 Vehicles
•	 Control system
•	 Transfer system
•	 Integration within the system and with other systems

System Readiness Level

TRLs by themselves are only part of the story. Line-haul technologies must be embedded in 
complete working systems to deliver any benefits. The working system in turn includes multiple 
technologies linked together. For each TRL there would be a corresponding System Readiness 
Level (SRL) as suggested in Table 3-2. Most proposed technologies to date have focused on 
the line-haul technology (i.e., means of propulsion), the guideway design, and the vehicle. Few 
have delved deeply into control issues, the means of transfer at terminals, or the issues raised by 
integration with other port operations.

Of the TRLs illustrated in Figure 3-4, the highest level (TRL9) is “Actual system proven by 
successful operations.” In this context, TRL9 indicates a line-haul option that is or has been in 
successful operation in a relevant environment. Building on the line-haul example, achieving 
TRL9 does not mean starting over at SRL1. A TRL 7, 8, or 9 line-haul technology would likely 
be accepted as a technologically and operationally feasible component of a complete transport 
system, corresponding to SRL5. The overall SRL could not get beyond Level 5, however, until all 
major components had achieved at least TRL7.

Level TRL SRL

9
Line-haul technology proven by successful 
operation.

Transport system proven by successful 
operation.

8
Line-haul technology qualified through test 
and demo.

Transport system qualified through test and 
demo.

7
Prototype line-haul technology demonstrated 
in operational environment.

Prototype transport system demonstrated in 
operational environment.

6
Model or prototype line-haul technology 
demo in relevant environment.

Model or prototype transport system demo in 
relevant environment.

5
Line-haul technology component validation
in real environment.

Transport system component validation in 
real environment.

4
Line-haul technology component validation  
in lab environment.

Transport system component validation in 
lab environment.

3
Analytical/experimental proof of line-haul 
technology concept.

Analytical/experimental proof of transport 
system concept.

2
Line-haul technology concept and/or 
application formulated.

Transport system concept formulated.

1
Basic line-haul technology principles 
observed and reported.

Basic transport system principles observed 
and reported.

Table 3-2.  Line-haul technology readiness and system readiness.
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For an alternative container transport system, SRL5 would mean that at least the line-haul 
technology, the terminal designs, and the control system had also reached TRL7 or higher. 
SRLs 6 through 9 would be attained by progressively modeling and demonstrating the ability 
of proven components to work together as a system in the relevant, real, and operational envi-
ronments. Two components of most alternative container transport systems are proven and in 
operation (TRL9):

•	 Transport from vessel to marine terminal container yard or system loading point (or vice versa).
•	 Pickup and delivery by truck at inland terminals.

The nature of container transport systems rules out laboratory or physical modeling for 
SRLs 6 through 9. Demonstration of system capabilities is more likely to be achieved through 
computer simulation and small-scale real-world demonstrations.

The notion of a “relevant” environment is critical. As the Keston evaluation noted, some of the 
proposals incorporated line-haul technologies that have been successfully applied or accepted as 
feasible in passenger transit applications. Most of those proposals, however, did not address the 
realities of container port operations and none of the proposed technologies had been tested in 
comparable applications.

Implementation Timeline

The timeline for system development and implementation is relevant both because sooner 
may be better if net social benefits are to be gained, and because shorter (but still realistic) 
timelines may have less risk. Each system application has an implicit or explicit timeline. In the 
Baltimore case study, the sponsors wanted a transport system in place by 2016. At a minimum, 
the implementation and development timeline evaluation would include

•	 Years to line-haul technology readiness
•	 Years to system readiness
•	 Years to system operation
•	 Potential for phased implementation

The general rule is that net present values of benefits are greater the sooner they are realized. 
Because it is common for real technology costs to fall over time, however, there may be an opposite 
timing issue. It could be better to wait some given number of years because the total net social 
benefits are higher with substantial reduction in capital costs from waiting.

The potential for phased implementation would reduce investment risk and thresholds. 
A system that could start small and increase capacity incrementally could better match its benefits 
to its costs by being more readily sized to uncertain future demand. Moreover, a phased approach 
would avoid tying up port or public capital in excess near-term capacity.

Transportation Economics

Although the impetus for alternative technologies stems from concerns over emissions and 
congestion, the ability of such technologies to attract and hold significant market share depends 
on their service capabilities and economics.

System Capital Cost

Fixed-guideway transport technologies tend to have high capital costs for right-of-way, guideway, 
vehicles, and control systems. These high capital costs are then typically offset by low unit operating 
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costs, which may bring average costs into a competitive range. High capital costs can, however, cre-
ate an implementation hurdle. A comprehensive look at capital costs would include

•	 Planning and engineering
•	 Right-of-way acquisition and site preparation
•	 Guideway and infrastructure
•	 Terminal and terminal equipment
•	 Control system
•	 Vehicles
•	 Environmental/community review and mitigation cost

Scale economies and the average capital cost per line mile, per vehicle, and per unit of capacity 
should also be addressed.

The cost of offsetting or mitigating external costs such as environmental or community impacts 
is not always considered in capital cost estimates. The need to internalize the costs of traditional 
externalities is growing, as the CAAP at the San Pedro Bay Ports has already been doing and as 
is reflected in TBL analysis of alternative technologies. Alternative transport technologies are 
likely to be of greatest interest in congested, environmentally sensitive areas adjacent to major 
ports (e.g., the communities surrounding the Ports of Los Angeles, Long Beach, New York, 
Oakland, or Seattle). Locating new right-of-way and transporting containers through such areas 
will almost certainly entail mitigation or compensation for local impacts.

Scale economies are an essential feature of most fixed-guideway systems. Fixed-guideway 
systems typically have increasing returns to scale until they approach congestion. Capacity is added 
in relatively large increments, making production a step function, rather than a curve. Conventional 
truck drayage has no real operating scale economies; any scale advantages of drayage come from 
networking and dispatching in larger fleets with broader customer bases.

System Operating Cost

There are multiple operating cost measures to be considered, including

•	 Line-haul operating cost per container trip and per mile
•	 Right-of-way and guideway maintenance and depreciation cost per container trip and per mile
•	 Terminal operating cost per unit
•	 “Last mile” pickup and delivery cost per unit
•	 Marginal operating cost per unit and per mile
•	 Labor cost (wages and benefits) per move and per mile
•	 Fuel/energy cost per move and per mile
•	 Vehicle maintenance and depreciation cost per move and per mile
•	 Scale economics
•	 Overhead cost per unit (e.g., administration, marketing, and sales)
•	 Average operating cost per unit and per mile
•	 Vulnerability to future cost increases

The focus in most of the reviewed literature is on the direct operating cost of the line-haul 
technology. As the list above indicates, focusing only on the line-haul operating cost would yield 
an incomplete picture. In particular, intermodal systems that require transfers between line-haul 
modes (i.e., fixed-guideway) and pickup and delivery modes (i.e., trucks) have transfer costs that 
must be estimated and incorporated in comparisons. Likewise, many descriptions of alternative 
technologies do not deal with overhead costs or maintenance and depreciation costs.

When comparing different line-haul technologies with similar terminal, pickup/delivery, 
overhead, and control requirements it may be reasonable to focus on the line-haul differences 
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under an implicit assumption of all things being equal. With the current state of the practice 
such an approach is tempting because so few proposals offer any details of terminal or pickup/
delivery operations. For the same reason, however, making implicit assumptions that different 
line-haul technologies have equivalent terminal and pickup/delivery requirements may be 
unrealistic.

The degree to which operating costs are leveraged by specific cost components is a legitimate 
concern for fixed-guideway systems intended to be in use for decades. Fuel and labor costs are 
commonly expected to increase faster than other factors, which may put conventional truck 
drayage using diesel fuel and individual drivers at a long-run disadvantage compared to electrically 
powered, centrally controlled systems. The fuel difference, however, is being reduced with increased 
production of inexpensive natural gas for CNG trucks.

Total System Cost

Total system cost is the most complex criterion, because it must take all individual cost factors 
into account, and the most basic, because it is the basis for customer cost comparisons. Total 
system cost must translate to total price to the customer—or to total price plus subsidy needs. 
Unit cost as a function of volume is determined by scale economies. The following should be 
considered:

•	 Average total cost per move and per mile
•	 Marginal total cost per move and per mile
•	 Startup costs versus initial volume
•	 Scale economies
•	 Cost recovery and translation of costs to prices

The distinction between average and marginal costs is critical when comparing fixed-guideway 
systems with on-road truck drayage. The high capital costs typical of fixed-guideway systems 
tend to yield very high average costs at startup volumes and very low marginal costs as long as 
capacity in the system is unused. In contrast, the average and marginal costs of on-road truck 
drayage are essentially the same because the unit of production is just another truck trip. Scale 
economies come into play only when new infrastructure is required in the form of added highway 
capacity.

These distinctions have implications for pricing. For fixed-guideway systems, the issue is 
whether users are expected to pay for a share of capital cost or just for operations. Transit system 
construction is typically funded using a mixture of bonds, grants, tax revenue, and loans, and 
farebox revenue does not cover the full cost of that capital. The price that customers of a fixed-
guideway system pay will similarly be affected by the infrastructure funding options available 
and the policy choices made by system sponsors. For on-road trucking, infrastructure costs 
are typically reflected in operating costs as fuel taxes, registration fees, and federal excise taxes. 
These costs are not route-specific and will not change if new highway capacity is added for container 
movements. The infrastructure cost could be more directly reflected if a toll were charged for 
the new highway capacity.

Transportation Performance

Transportation performance is the commercial value created by the system and must justify 
the total system cost or price in the eyes of the customer. Within the narrow context of movement 
within 100 miles of a port terminal there is limited scope for transit time or service differences. 
There are, however, significant potential capacity and reliability differences.

Evaluating Alternatives for Landside Transport of Ocean Containers

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22136


40  Evaluating Alternatives for Landside Transport of Ocean Containers

System Service

An evaluation of absolute or comparative service capabilities must be multi-dimensional, 
reflecting the full range of customer and port requirements:

•	 Average terminal-to-terminal transit time
•	 Average ground-to-ground transit time
•	 Average end-to-end transit time
•	 Average round-trip cycle time
•	 Impacts of scale and congestion
•	 Flexibility to adjust to peak/non-peak volumes
•	 Flexibility to adjust to changing pickup and delivery points
•	 Loss and damage potential
•	 Cargo, system, and vehicle security
•	 Adaptability to port circumstances

Within the list above, much is often made of the line-haul speed advantages of Maglev tech-
nologies that minimize friction. The value of line-haul speed, however, can be offset by terminal 
operations and waits.

The flexibility to adjust capacity to peaks and valleys and changes in origin/destination is an 
inherent problem with closed fixed-guideway systems. The mobility and flexibility of atomistic 
systems such as trucking may allow easier adjustment to daily or seasonal volume fluctuations 
as well as future changes in pickup and delivery points.

Cargo, system, and vehicle security is often claimed as a benefit of unmanned, automated 
operation over dedicated rights-of-way. A pragmatic approach to security claims would likely 
reveal both positives and negatives. Railroads have found that trains passing through unpatrolled 
right-of-way can easily become targets for terrorists, vandals, or thieves.

Adaptability becomes an issue when port configurations and circumstances change or when 
a system is implemented at more than one port. Similar adaptability issues face transit system 
designers who try to minimize costs and development times by using the same technology, 
vehicles, guideway design, or control methods in multiple cities. If each port must have a unique 
system design, then all system development costs must be recovered from a single installation.

System Capacity

The aspects of system capacity listed below cover more than just total annual throughput:

•	 Annual throughput: moves, container miles
•	 Annual moves per line and per track on each line
•	 Peak and average container moves per hour, per line, and per track on each line
•	 Annual terminal throughput capacity
•	 Annual terminal storage capacity
•	 Peak terminal throughput capacity
•	 Average dwell time in system
•	 Number of origin/destination points served
•	 Range of container sizes, types, and weights accommodated
•	 Engineering safety margin
•	 Scale factors

The volume of containers moving through ports and terminals is highly variable on a daily, 
weekly, monthly, and annual basis, so the ability to accommodate peaking is an important criterion. 
Operation at peak throughput levels typically strains facilities and systems to the point where 
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small performance variations or exceptions begin to have large impacts and the peak throughput 
cannot be sustained indefinitely. A common rule of thumb is that attainable routine throughput 
(sometimes called “capability”) is 80% of maximum capacity.

Fixed-guideway systems become operationally and conceptually complex as they are applied 
to multiple origins and destinations. Most alternative container transport proposals reviewed 
in this study are point to point, serving a single terminal on each end of the line-haul guideway. 
Such a system might have a direct application in linking a single marine terminal to a single inland 
rail terminal or distribution point. The rail service between the Virginia Inland Port (VIP) and 
the Norfolk International Terminal (NIT) at the Port of Virginia has operated in this manner, 
with containers from other marine terminals drayed to and from NIT. At the other extreme, 
the Ports of Los Angeles and Long Beach together have 13 marine terminals and there are three 
off-terminal rail hubs (and a fourth proposed) to which they might be linked, creating a serious 
complexity challenge.

The ability of a proposed system to accommodate different container weights and types is a 
factor in its ability to capture market share and in the informational and control tasks entailed 
in its operation. Marine containers in use come in 20-foot, 40-foot, and 45-foot lengths, and in 
standard (8’6”) and “high cube” (9’6”) heights. Besides the familiar dry van types, tank, flat rack, 
open top, and refrigerated containers are in use. Refrigerated units usually require an external 
440-volt power supply. There is little ambiguity regarding container types. The loaded container 
weights in shipping documents, however, are not reliable, and any transport system weight 
limitations may require special operating precautions. An empty 20-foot container weighs about 
5,000–5,500 lb. A fully loaded 45-foot container can weigh as much as 72,800 lb at its rated limit. 
Given that shippers sometimes load both import and export containers beyond their rated limits 
while falsifying shipping documents, a significant engineering safety margin is needed in container 
transport systems.

Scalability and Flexibility

Scalability and flexibility are recurrent themes in Southern California, where the volume of 
traffic, the number of marine terminals, and the number of inland terminals together define a 
very large potential system scope. The ability to start small and gradually expand a system once it 
is proven successful is at a premium in such instances. A system that required a large minimum 
scale to succeed would be risky, if feasible at all, with limited resources. Likewise, a system that 
proved prohibitively costly to expand once started would be a poor fit.

Fixed-guideway systems of all types tend to be inflexible in terms of endpoints, volumes, and 
routes. In a changeable port context, relying on fixed-guideway connections between nodes may 
create substantial barriers to changing or adding nodes. In this respect, port and inland develop-
ment would tend to follow the fixed-guideway configuration. This may be viewed by regional 
planners as a desirable outcome, akin to using transit systems as regional development tools; 
however, such a strategy increases risk.

Reliability

Developing criteria for reliability poses a challenge to evaluators. Reliability is variously measured 
as on-time performance (percentage), standard deviation from scheduled time, distribution of 
transit times around a mean or scheduled time, or mean time between failures (MTBF). The list 
below includes those criteria, but also considers the effect of reliability lapses:

•	 On-time terminal-to-terminal performance standard (time, +/- minutes)
•	 Percent on-time terminal-to-terminal performance/standard deviation of transit time
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•	 On-time end-to-end performance standard (time, +/- minutes)
•	 Percent on-time end-to-end performance/standard deviation of transit time
•	 Mean time between terminal-to-terminal failures
•	 Unit-hours of delay per terminal-to-terminal failure
•	 Total cost per terminal-to-terminal failure
•	 Mean time between end-to-end failures
•	 Mean time to restore service (MTTRS) following a system service interruption
•	 Unit-hours of delay per end-to-end failure
•	 Total cost per end-to-end failure
•	 Ability to withstand local weather variations, including high heat, flooding, tropical storms, 

or snow and ice, and other natural hazards such as wild fires and earthquakes
•	 Customer management information availability/accuracy

As with the transit time, some appropriate metrics and standards for reliability are in the eye 
of the customer. Customers are presumably interested in end-to-end performance between 
the marine terminal and an inland point. If terminal buffers are at both ends, the system as a 
whole may produce acceptable reliability, even if the line-haul technology is relatively erratic. 
The reliability and predictability of the line-haul technology is critical, however, in the practical 
capacity of fixed-guideway systems that do not allow vehicles to pass.

There is substantial literature on failure patterns in mechanical and electrical systems.15 Under 
different circumstances, for example, the pattern of failure over time could be constant, linearly 
or geometrically increasing, or linearly or geometrically decreasing (see Figure 3-5). Different 
patterns will have dramatically different implications for container transport system reliability and 
the impacts of failure.

The same source notes the common, although not necessarily accurate, conceptual use of 
the “bathtub” curve (Figure 3-6) to describe a machine’s three basic failure rate characteristics: 

15  “Reliability engineering principles for the plant engineer,” Drew Troyer, Noria Corporation website, accessed 7/29/11.

Figure 3-5.  Examples of possible failure patterns over time.
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declining during introduction or initial use; constant during most of its operational history; or 
increasing as the machine or equipment begins wearing out.

In both Figures 3-5 and 3-6, the relevant questions are likely to be (1) whether or not a new 
technology or system is prone to high initial failure rates, (2) whether or not it can be assumed 
that high initial failure rates will decline, and (3) what the constant failure rate is likely to be 
over the system’s useful life. Little or no information is available for advanced-technology fixed-
guideway systems in container transport use because no such systems are in operation. Reliability 
information from transit applications of the same line-haul technologies must be used with 
caution because the physical demands of container transport are dramatically different from 
those of moving people. There are also similar issues with new types of truck propulsion, including 
electric power and hybrid systems using new fuels.

The consequences, impact, and cost of unreliability or system failure will vary widely by system 
type. A conventional truck drayage “system” would only fail as a whole in circumstances such 
as a universal driver strike or closure of key port roads. Otherwise, failure of one vehicle, one 
organization, or even closure of one road does not bring the entire system to a halt. For a fixed-
guideway system, however, failure of a vehicle, the guideway, the power system, or the control 
system can bring a given line or the whole system to a halt. In this case, measures of “availability” 
that describe what percentage of time the system is available for use, rather than how frequently 
it breaks down, may be more appropriate. For example, some relatively frequent but short-lived 
outages are probably less troublesome than the failure of a component that might take days or 
weeks to replace. Many high-voltage electric transformers fall into the latter category. The cost 
impacts of delay and unreliability may not be linear. For a container moving from a marine 
terminal to a rail terminal, an hour’s delay in mid-day may have no impact if the train departure 
is not until 9 PM and the cut-off time is 7 PM. The same hour’s delay would have greater con-
sequences if it occurred at 6:15 PM and made the container miss the train.

The impact of inclement weather and natural hazards on fixed-guideway technologies can be 
significant. The proposals made in Southern California did not consider the weather extremes to 

Figure 3-6.  Example of “bathtub curve” failure pattern.
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be faced in Houston, South Carolina, or New Jersey. Similarly, seismic risk is more significant in 
Southern California or Seattle than at Gulf or East Coast ports. Potential climate change impacts, 
notably sea level rise, will affect all ports, and the adaptability of technologies and systems to 
these still uncertain changes should be a factor in their evaluation and selection.

The port-to-inland moves contemplated in this study are typically only part of an international 
import or export supply chain. To manage that supply chain, participants need accurate timely 
information about container status and schedules. There should thus be a match between container 
movements and available information about those movements. For example, timely arrival at 
an inland terminal is of little value if the inland customer is not promptly notified to arrange for 
pickup and delivery.

Port/Terminal Performance

Inland container movement systems are part of the overall port/terminal/inland transport 
complex and will affect overall performance and capacity. The overall throughput capacity of a 
container port complex is a function of the throughput capacities of the terminals themselves 
and the combined capacities of road, rail, barge, and other systems for moving containers to and 
from those terminals. The addition of an alternative container transport system would ordinar-
ily increase total inland throughput capacity, so evaluation criteria would include net capacity 
increase and scale effects.

Circumstances can be imagined, however, where the right-of-way used for an alternative 
transport system could otherwise be used for a higher capacity but higher emissions system  
(e.g., conventional diesel truck drayage), and total capacity would have been traded for emis-
sions reductions. The integration of alternative transport systems into marine terminals might 
reduce the available container yard space and therefore reduce marine terminal throughput 
capacity.

Capacity per se is not always used. In the absence of regulation or compulsion, the system 
must be commercially competitive for customers to use it in significant numbers.

Impact on Other Systems

Impact criteria would include

•	 Space requirements and cost
•	 Port/terminal capital requirements
•	 Impact on port/terminal operating cost
•	 Net impact on terminal throughput

The impact on overall cost of moving cargo through a given port is a factor in both customer 
acceptance and port competition. A costly container transport system that led customers to 
divert trade to other ports would be self-defeating.

Fatal Flaws

A key issue in many engineering evaluations is the presence of “fatal flaws,” unavoidable or 
intrinsic aspects of the proposed solution that are not feasible, do not solve the problem, or create 
new problems worse than the original. Identification of a true fatal flaw stops the analysis, because, 
by definition, there is no point in continuing. In practice, identification of a suspected fatal flaw 
usually generates efforts to overcome or remedy the flaw. Examples of fatal flaws for container 
transport systems or technologies might include
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•	 Inability of a line-haul vehicle to safely carry the heaviest expected container load.
•	 Inability of a guideway design to pass over or under an unavoidable obstacle (e.g., a river, 

building, or freeway).
•	 A physical guideway requirement that cannot be met in the available right-of-way (e.g., height 

restriction or curvature).
•	 Lack of sufficient capacity to alleviate congestion elsewhere.
•	 Inability to solve community impact issues (e.g., trucks at system terminals).
•	 Commercial or economic infeasibility (e.g., requirement for a subsidy that cannot be met).

In a sense, the LA/LB and Baltimore case studies encountered fatal flaws. In the LA/LB case, 
fixed-guideway options proved to be far too costly and provided too little capacity to yield 
substantial highway congestion relief and offered minimal emissions improvement over “clean” 
truck drayage. In the Baltimore case, fixed-guideway systems were too costly and could not 
appreciably reduce the community impact of a new rail intermodal terminal. In both cases, 
therefore, fixed-guideway systems could not solve the problem or reach the goals.

Environmental Performance

Environmental performance, the second part of the “triple bottom line,” is typically assessed 
in terms of emissions and energy use, but looking beyond technology characteristics to full 
system impact will bring other environmental factors into play. Ports in EPA “non-attainment” 
areas for air quality will require consideration of system emissions impacts in the context of 
regional conformity analysis as well as the port’s own emissions inventory. There may be other 
environmental impacts such as for water runoff or noise impacts from the construction and 
operation of the new system, all of which must be analyzed.

The actual criteria for environmental concerns will vary by location and context. The National 
Environmental Protection Act (NEPA) process usually entails either an Environmental Assessment 
(EA) or an EIS. The U.S. EPA describes these as follows:16

“An EA is described in Section 1508.9 of the CEQ NEPA regulations. Generally, an EA includes 
brief discussions of the following:

•	 The need for the proposal
•	 Alternatives (when there is an unresolved conflict concerning alternative uses of available 

resources)
•	 The environmental impacts of the proposed action and alternatives
•	 A listing of agencies and persons consulted.”

“An EIS, which is described in Part 1502 of the regulations, should include

•	 Discussions of the purpose of and need for the action
•	 Alternatives
•	 The affected environment
•	 The environmental consequences of the proposed action
•	 Lists of preparers, agencies, organizations and persons to whom the statement is sent
•	 An index
•	 An appendix (if any)”

The contents, and thus the criteria, vary from project to project.

16 US EPA website, accessed 7/26/11
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Emissions

Emissions of criteria air pollutants (e.g., NOx, HC, PM, SOx) and greenhouse gases (CO2) are 
usually measured in grams or tons per year. As indicated below, emissions are generated by the 
line-haul technology, the terminal operations, and the last-mile pickup and delivery. Impact 
criteria for each pollutant would include

•	 Unit and total line-haul emissions
•	 Unit and total terminal emissions
•	 Unit and total last-mile emissions
•	 Unit and total end-to-end emissions
•	 Impact on port-area emissions inventory
•	 Impact on regional conformity analysis
•	 Impact on community health

Some alternative transport systems have been advanced in response to specific Southern 
California interest in ZECMS. Although the line-haul technology proposals typically have no 
local line-haul (“tailpipe”) emissions because of the use of electric power, few have addressed the 
emissions from terminal operations or last-mile pickup and delivery, or the broader implications 
of using coal-fired or other sourced electricity generated off site.

Both ports and regional agencies have goals for port-area emissions inventories and for the 
related regional freight transportation role in the emissions profiles of the region. Adjacent 
communities are justifiably concerned over the health impacts of port-related transportation. 
The translation from emissions exposure to community health impacts also brings the effect on 
human lives and livelihood to the foreground.

Energy Use

The type and amount of energy used by the candidate transport system are the major deter-
minants of its emissions profile and carbon footprint and are evaluation criteria in their own 
right. Minimizing energy use, switching to less environmentally damaging or sustainable energy 
sources, and reducing dependence on petroleum imports are all national goals. The applicable 
metrics for energy type and amount would apply to each major system component as well as to 
the end-to-end system total, as suggested by the list below:

•	 Line-haul energy consumption by fuel type, per unit and per mile
•	 Terminal energy consumption by fuel type, per unit and per mile
•	 “Last mile” energy consumption by fuel type, per unit and per mile
•	 End-to-end energy consumption by fuel type, per unit and per mile

Other Environmental Factors

Various site-specific environmental factors could affect the relative merits of competing 
system proposals. Ports are marine environments, with all the attendant environmental concerns. 
As Figure 3-1 illustrated, they are also part of a larger community and regional context. The list 
below is not complete, because environmental concerns are essentially open-ended, but the list 
illustrates the range of possibilities:

•	 Noise
•	 Visual pollution
•	 Oil and hazmat spill risks
•	 Water and sediment quality
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•	 Benthic zone impacts
•	 Fishery and wildlife impacts

Mitigation Requirements

Environmental mitigation costs appear as a criterion under the capital cost category, but 
mitigation should also be considered as an environmental evaluation criterion. One issue is the 
extent to which adverse environmental consequences can or cannot be effectively mitigated and 
must be accepted or offset instead. Operating emissions are the obvious environmental impacts, 
but acquisition of right-of-way and construction of guideway and terminals can also have envi-
ronmental consequences that must be mitigated. The construction process for any infrastructure 
will have adverse environmental consequences, generally increasing with infrastructure scale.

Community Impacts

Construction and operation of a container transport system through port-area communities 
will have both positive and negative impacts in addition to the environmental impacts and will 
affect the third part of the Triple Bottom Line: social or community cost.

Congestion Impact

Interest in container transport alternatives is driven by the expected potential for congestion 
relief as much as by the expected emissions benefits. Congestion impacts can be of several types:

•	 Reduction in truck volume on freeways and arterials
•	 Change in trucking activity location
•	 Change in peak/off-peak truck volume
•	 Impact of new transport guideways on surface circulation
•	 Increase in average speeds by time of day on freeways and arterials

A key factor for fixed-guideway systems with inland terminals is community antipathy to 
the expected concentration of truck activity at those points. Construction of new, separated 
right-of-way can also affect nearby surface street circulation for better or for worse.

As the case studies developed, the pivotal connection between congestion relief, capacity, 
and commercial viability became increasingly obvious to the research team. The potential for 
congestion relief depends on the system’s ability to attract container trips from highway drayage. 
That potential depends in turn on

•	 The addition of enough new net capacity to accommodate noticeable diversion volumes.
•	 Commercial viability to induce customers to switch from highway drayage to the new system.

Community Safety

Community safety criteria, summarized below, can be divided into assessments of (1) inci-
dent frequency or likelihood and (2) hazmat and non-hazmat groups. The potential effect will 
vary with the accident, the cargo involved, and the location within the surrounding community. 
Managing community safety requires special measures such as buffer zones, fencing, or sound 
walls that add to the capital cost.

•	 Risk of non-hazmat incident
•	 Impact of non-hazmat incident
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•	 Risk of hazmat incident
•	 Impact of hazmat incident
•	 Community safety requirements

Security Assessment

Community security issues include

•	 Cargo/vehicle theft
•	 Vandalism
•	 Terrorism

System and customer security was considered earlier. From a community point of view, any 
potential for vandalism places a burden on local law enforcement and could create a public eye-
sore or nuisance. Attempted vandalism can also turn deadly if vandals are injured or killed on an 
electrified guideway or by moving equipment. There are likely to be community concerns over a 
container transport system becoming a target for terrorists with attendant dangers to the public.

Other Community Impacts

The generic community impact criteria listed below cover a wide range of possible issues, 
from obstruction of ocean views to round-the-clock noise from passing container vehicles:

•	 Right-of-way requirements
•	 Environmental justice
•	 Compatibility of guideway design
•	 Impacts on neighborhood quality of life
•	 Impacts on historical sites, schools, hospitals, and other sensitive land uses

Communities also vary widely in their issues and sensitivity. The proposed Southern California 
Intermodal Gateway (SCIG) terminal project, for example, is complicated by the presence of a 
school and a medical facility on adjacent property. Community impact issues proved to be 
decisive in the Baltimore case study, where regardless of technology, fixed-guideway systems 
could not reduce the community impact of a new rail intermodal terminal.
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Overview

Objectives

The research team developed the following specific objectives for evaluation method 
development:

•	 The process must consider the goal being pursued and the scope and nature of the decision 
being made.

•	 The method should guide evaluations of potential alternative container transport systems—
both in the abstract and in specific port and terminal applications. Different technologies may 
be evaluated, but the method should be system-oriented.

•	 The method should be usable by a wide variety of organizationally and geographically diverse 
project sponsors. It must specifically account for the goals or objectives of the decisionmaker.

•	 The process must enable users to balance economic, technical, environmental, and social 
factors.

•	 The method should make it easy to (1) identify and quantify the impact of inevitable project 
tradeoffs and (2) perform sensitivity analyses.

•	 The process should accommodate the widest reasonable range of alternatives.
•	 The evaluation method must consider the state of development and information available for 

those alternatives.
•	 The process should eliminate infeasible or unresponsive proposals rapidly and efficiently. The 

early identification of “fatal flaws” is very important.
•	 The process should be efficient, providing for the rapid and easy screening of alternatives to 

focus most of the effort and resources on the most promising proposals.
•	 The method should recognize that the no-project scenario is not static.
•	 The process must consider uncertainty and risk.
•	 The process must be transparent to the users.

All the approaches considered in this study share some steps:

•	 Setting goals. The purpose may be expressed as a problem to be solved, specific realistic 
objectives to be achieved, or an advantageous direction in which to progress. Clarity in this 
step is critical.

•	 Selecting criteria. The list of criteria can range from a conceptual “wish list” to a set of weighted 
performance criteria with technical metrics. Given the current (2014) state of technological 
readiness and system development, evaluation of advanced fixed-guideway systems is largely 
at the “wish list” stage.

•	 Analyzing proposals. The nature and depth of the analysis varies from pass/fail screening against 
minimum criteria to sophisticated monetization of otherwise disparate performance factors.

C H A P T E R  4

Proposed Evaluation Method
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•	 Evaluating and choosing. The rigor and depth of the selection process should be matched to the 
decision being made, with comparative rankings being suitable for early-stage research support 
and extensive quantification being required for multi-billion-dollar construction commitments.

Potential Users

Many stakeholders are involved with landside transport of ocean containers. All could be 
involved in evaluation of emerging container transport alternatives. Important stakeholders 
include

•	 Container port authorities and planners, here and abroad.
•	 Motor carriers, ocean carriers, terminal operators, importers, exporters, and other container 

shipping industry participants.
•	 National, state, and regional transportation planners and officials.
•	 Local, state, and regional environmental agencies.
•	 Community interest and environmental organizations.
•	 Technology developers and advocates.
•	 Private investors.
•	 Researchers at national laboratories and higher-education institutions.

Scope and Purpose of Decisions

A key finding regarding evaluation methods for container transport systems is that “one size 
does not fit all.” The resulting evaluation method should be adaptable to specific circumstances. 
Effective alignment of the project’s purpose, scope, goals, and evaluation process is a critical 
success factor.

The research team identified four generic types of decisions that might be made regarding 
alternative container transport systems:

•	 Support for research and development.
•	 Readiness for incorporation or anticipation in other projects.
•	 Funding for demonstrations or pilot projects.
•	 Commitment to construction and operation.

The general scale of financial commitment rises roughly a thousand-fold, from thousands of 
dollars in research support to millions of dollars for demonstrations to billions of dollars for 
construction. The complexity and rigor of the evaluation method should rise accordingly.

Research and development efforts might be supported by government grants, port authority 
funds, a private-sector institution, or private investors. In each case, the evaluators are typically 
looking for promising concepts or ideas, rather than finished solutions or implementable systems. 
The goals and criteria are likely to be general. The evaluations are likely to focus on screening or 
qualification for funding rather than on demonstrated performance.

EIRs and regional planning efforts typically require examination of alternatives or consid-
eration of new technologies. Analysts and planners must, therefore, evaluate the readiness and 
applicability of container transport alternatives, even if funds are not being committed at that time. 
The I-710 Alternatives Analysis was undertaken for this reason.

Although funding requirements for demonstration projects or pilot installations are usually 
much higher than early-stage research and development requirements, the same funding and 
investment sources may be involved. The expectation, however, is that candidate proposals for 
demonstration funding will have shown sufficient promise in the research and development 
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phase to be considered. Criteria are likely to be more stringent and quantified and include factors 
such as the potential for commercial success and integration with existing facilities.

Capital investment in system construction and operations is likely to be a multi-billion dollar 
decision with far-reaching operational and environmental consequences. In addition to technical, 
economic, and financial analysis, implementation of an alternative container transport system 
would almost certainly require a NEPA evaluation and a full-scale EIR. There would be an 
exhaustive list of formal, quantitative criteria. The evaluation, whether a choice between com-
peting proposals or a go/no-go decision on a chosen system design, would require substantial 
time and resources.

There are other reasons to develop a flexible and scalable method:

•	 The time scale of the decisions described above also increases from months, to years, to decades.
•	 As the state-of-the-art advances for candidate technologies, the evaluation method must 

advance in parallel.
•	 Circumstances, scale, and priorities will vary among port regions.

Method Steps

The proposed generic sequence of evaluation steps is shown in Figure 4-1.

The basic method is not unique to container transport systems or even to transportation. 
These same steps apply to any instance in which proposals must be evaluated against given 

DEFINE GOALS

SELECT & WEIGHT CRITERIA

DEFINE BASELINE

LOCATE POTENTIAL CANDIDATES

ASSEMBLE SCREENING DATA

SCREEN 

IDENTIFY EVALUATION CANDIDATES

ASSEMBLE EVALUATION DATA

ANALYZE

EVALUATE

CHOOSE BEST CANDIDATE(S)

Figure 4-1.  Evaluation 
method structure.
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criteria, against a baseline scenario, or against each other. The content and approach within the 
steps, however, will vary considerably depending on

•	 The decision to be made.
•	 The state of proposal development.
•	 The timeline for development, implementation, and project life.
•	 The availability and precision of information.
•	 The existence of a baseline or “no-project” alternative.
•	 The resources and time available for the evaluation.

The steps in Figure 4-1 are shown in sequence, but, in practice, the process may include steps 
taken in parallel (e.g., criteria selection, baseline definition, and candidate documentation). 
There may also be feedback loops and iterations, such as selection criteria refinements based on 
initial screenings or preliminary analysis. The following report sections cover the major steps 
shown in Figure 4-1 in greater detail.

Defining Goals

The evaluation process begins with establishing goals: what does the user want the alternative 
container transport technology or system to achieve?

The general long-term goal of alternative container transport initiatives is to advance a TBL 
agenda by improving economic, environmental, and social performance over existing or evolving 
“no-project” alternatives. Every review of alternative container transport technologies to date 
has acknowledged something akin to the overall TBL goals, but has concluded that the available 
technologies are not ready to achieve that goal. That long-term overall goal, therefore, should 
not necessarily be the operative goal for every evaluation process.

Beginning with conceptual technologies low on the TRL scale, there are some intermediate 
purposes to be achieved requiring the evaluation processes. Table 4-1 provides examples of 
typical operative evaluation goals corresponding to the Technology and System Readiness levels 
described in Chapter 3.

At low TRLs and SRLs, such as at present, the operative goals of the evaluation process are 
more likely to emphasize the selection of promising technologies for further research and devel-
opment or investment. Such an evaluation might be undertaken by a private or public research 
funding source. As technologies and systems develop, the emphasis is likely to shift to pilot projects 
and demonstrations, where the candidates would be evaluated on research and development 
results to date and implications for long-term potential. Higher on the scale, candidates would 
be evaluated for larger scale pilot installations progressing to full-scale implementation.

Environmental and social factors are likely to receive high priority in any urban port region. 
For example, most alternative container transport ideas have been proposed and evaluated in 
the Southern California port context where emissions and congestion impacts are of particularly 
high importance.

The emphasis and the goal, however, may differ in new or developing ports outside non-
attainment areas or congested cities. The recently constructed Yangshan port area at Shanghai 
(Shanghai Shengdong International Container Terminal) is on an artificial island connected by 
a causeway to Shanghai (Figure 4-2). A new container port of this configuration may have 
minimal concerns over air quality, traffic congestion, or community impacts, but a great need for 
a high-capacity, energy-efficient container transport system. TBL goals for such a facility might be 
satisfied by an economically and technically efficient system that did no obvious environmental 
or social damage.
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In a less dramatic example, a port with a single-container terminal or a compact cluster of 
terminals may be seeking a system to connect an off-terminal rail intermodal facility. The Port of 
Baltimore is one example. Given the cost and difficulty of building new highways or conventional 
rail lines in metropolitan areas, the port may be seeking alternative means of achieving a specific 
container transport objective.

Both the overall TBL goal and the operative objectives for the specific evaluation process have 
implications for the selection and weighting of criteria.

Level Technology Readiness System Readiness Evaluation Goal

9
Line-haul technology proven by 
successful operation.

Transport system proven by successful 
operation.

8
Line-haul technology qualified through 
test and demo.

Transport system qualified through test 
and demo.

7
Prototype line-haul technology 
demonstrated in operational 
environment.

Prototype transport system 
demonstrated in operational 
environment.

6
Model or prototype line-haul technology 
demo in relevant environment.

Model or prototype transport system 
demo in relevant environment.

5
Line-haul technology component 
validation in real environment.

Transport system component validation 
in real environment.

4
Line-haul technology component 
validation in lab environment.

Transport system component validation 
in lab environment.

3
Analytical/experimental proof of line-
haul technology concept.

Analytical/experimental proof of transport 
system concept.

2
Line-haul technology concept and/or 
application formulated.

Transport system concept formulated.

1
Basic line-haul technology principles 
observed and reported.

Basic transport system principles 
observed and reported.

Research & development support; 
due diligence for investment

Funding of demonstration, 
modeling, or testing; due diligence 

for investment

Licensing, funding, or procurement 
of technology or system

Funding or permission for pilot 
installation; due diligence for 

investment

Table 4-1.  Readiness levels and evaluation goals.

Source: Google Earth

Figure 4-2.  Yangshan port area at Shanghai.
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Selecting and Weighting Criteria

There is an important difference between evaluating line-haul transport technologies and 
evaluating complete container transport systems built around those technologies. An early-stage 
evaluation goal of funding further research would require criteria for conceptual technology 
comparisons. An implementation goal would require a far more complete and quantified set 
of criteria.

Although it is relatively straightforward to create and obtain agreement on a “wish list” of broad 
criteria for TBL improvements, it will likely become progressively more difficult to compile and 
agree on detailed operational, economic, and financial criteria and metrics.

Minimum Performance Requirements

The initial step may be for the user to establish the minimum performance requirements 
necessary to verify applicability and feasibility. These requirements should encompass all three 
TBL categories and should be quantified to the extent possible. These requirements will differ 
based on the interests of the user as well as project location.

Examples of minimum requirements include

•	 Minimum operational requirements. For example: “The system must move 100 containers 
per hour in both directions between port terminal X and industrial park Y. Transit time can 
be no more than 2 and a half hours. The system must be operational at least 16 hours per day 
6 days a week throughout the year.”

•	 Maximum level of public financial participation. For example: “The public will provide 40% 
of the investment up to $100 million and will not provide an operating subsidy.”

•	 Minimum environmental goals. For example: “The system will produce no more than XX 
PPM of particulate matter in the port containment area.” For the recent exercise in Southern 
California the explicit project goal was zero “tailpipe” emissions.

•	 Minimum social goals. These would typically relate to jobs, economic impact, or mobility.
•	 Minimum TRL. An alternative would be to specify that the system be available for full 

deployment in X years, or that only “commercial off-the-shelf” (COTS) systems will be 
considered.

In effect, this stage addresses the question of whether the proposed system would meet the 
evaluator’s goal or solve the evaluator’s problem if implemented and operating as proposed.  
A system that cannot provide enough capacity, for example, is not a candidate, regardless of cost 
or social/environmental advantages.

The complexity of the container port operating environment and of the technologies and 
systems under consideration will make it difficult for sponsoring organizations to develop a 
comprehensive set of minimum requirements before receiving proposals. The method, therefore, 
must be flexible enough to deal with issues raised during the process itself.

Systems or technologies that cannot meet minimum requirements or that would not solve the 
problem if implemented would be eliminated from further consideration. The more developed 
and precise the minimum requirements are, the easier the evaluation process will be to execute.

System Performance Criteria

Assuming prospective container transport systems meet the minimum requirements, a flexible, 
performance-based set of evaluation criteria such as those discussed in Chapter 3 are needed to 
make an evaluation.
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Weighting Criteria

As the scope increases, the criteria and weighting factors become less qualitative and more 
comprehensive and quantitative.

For early-stage decisions, selecting a few simple, narrow, unweighted, general criteria is most 
appropriate. This approach proved to be suitable in the case studies. In these circumstances, the 
decision criteria are effectively the same as the minimum requirements, because failure to meet 
the minimum requirements would eliminate the proposal, regardless of any criteria weighting 
scheme.

As the decision size and complexity increases, criteria will likely increase in number and 
require weighting to reflect relative priorities. For major, long-term infrastructure decisions, 
the criteria and weighting should be as thorough and precise as possible, using the latest and 
best capital planning management methods. In comparison with the early-stage decision, this 
process should be rigorous, comprehensive, monetized, and risk-adjusted.

A major implementation decision that affects a port, its terminals, ocean carriers, customers, 
labor, the environment, and the community will need to incorporate elaborate criteria weighting 
that reflects the input of all stakeholders. Unless criteria weights are specified by some outside 
agency (e.g., a funding source or regulatory body), they will have to be developed or adapted for 
the purpose. Figure 3-3 diagrammed the generic progression from technical and economic 
data through objective technical judgment to the crucial incorporation of social values and 
criteria.

Transparency will be essential in developing criteria weights, as it will be throughout the 
entire evaluation process. The selection criteria, the weights, and the scores will eventually come 
together to drive the decision, and the weights can have as great an influence on the outcome as 
the selection of criteria or the scoring.

Several weighting methods can be employed, similar to the choices for criteria selection or 
scoring:

•	 Stakeholder surveys or polls. Carefully constructed surveys, polls, or questionnaires can be 
used to obtain structured opinions and feedback.

•	 Expert or stakeholder panels. Development of criteria weights can be delegated to a group of 
experts or stakeholders. There is, however, the risk of real or perceived bias and of objections 
by stakeholders not represented. This function is often performed by a Technical Working 
Group (TWG) or a Stakeholders Advisory Committee (SAC).

•	 Sponsor or Steering Committee. A single evaluation sponsor or a steering committee of 
representatives of multiple sponsors can choose the criteria weights.

Defining the Baseline

As with so many other method factors, the applicability of a baseline for comparison depends 
on the evaluation purpose and the decision being made. The choice of baseline also depends on 
the time span being considered.

Innovative container transport technologies are usually proposed as alternatives to con-
ventional over-the-road (OTR) drayage using diesel trucks. Drayage equipment and practices 
are evolving rapidly under economic and environmental pressures. The truck drayage baseline 
has thus become a moving target, especially for the longer time horizons relevant to alternative 
technologies.
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Ports with on-dock or near-dock intermodal rail terminals have mixed container transport 
systems whose realities should be reflected in defining a baseline for comparisons. The following 
questions are relevant:

•	 What is the current and forecast mix of OTR truck, truck shuttle to near-dock rail, and on-dock 
rail transfer?

•	 For which of these trip segments would the proposed alternative systems compete?
•	 What are the salient TBL characteristics of the competing modes or combinations?

The scope of this study covers potential systems reaching up to 100 miles from the port. Under 
most circumstances, trips in that distance range are made only by truck. The Virginia Inland Port at 
Front Royal, VA, is about 215 truck miles and 265 rail miles from the port terminal at Portsmouth, 
VA. The rail shuttle between the two would not, therefore, be considered a competitive target within 
the current study scope. In Southern California there have been conceptual proposals for “inland 
ports” at Mira Loma, Palmdale, and Victorville to be linked to the Ports of Long Beach and Los Ange-
les by rail shuttles. As Figure 4-3 shows, these locations are within 100 miles from the ports, and such 
trips would be within the study scope. A long-term evaluation in that case might reasonably consider 
evolving conventional drayage and rail intermodal shuttles as alternatives to innovative technologies.

A fundamental element of most method applications is comparing new alternative systems to 
a truck drayage baseline. “Conventional” port truck drayage is evolving rather than static, so it is 
critical to compare prospective alternate systems against what highway-based drayage will become 
during the life cycle of the proposed project, not what highway-based drayage may be at present.

A preliminary review of positive and negative long- and short-term TBL factors influencing 
port drayage leads to the following observations relevant to the evaluation of inland container 
transport systems. On the positive side

Figure 4-3.  Southern California inland port proposal sites.
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•	 Incremental technological improvements in truck drayage propulsion produce consistent 
short- and long-term TBL benefits. Emissions from modern tractors are a small fraction of those 
from legacy fleets. The introduction of hybrid, electric, or hydrogen fuel cell tractors may 
make zero-emissions drayage possible.

•	 Truck drayage enjoys the benefits associated with use of legacy capital, organizational, and 
institutional investments in systems, terminals, highways, and vehicles. Proposed systems 
relying on dedicated guideways provided by private or public/private capital may require a 
market return on capital. Truck drayage relies on a jointly used highway provided by public 
capital, for which the “return” may be defined quite differently.

•	 Truck drayage is scalable and flexible. Average and marginal costs are essentially identical for 
an additional truck trip.

•	 Institutional, managerial, regulatory, and systems changes to truck drayage hold the promise 
of reducing delays and bottlenecks, and thereby reducing emissions and cost.

On the negative side

•	 Short- and long-term labor, fuel, capital, insurance and other drayage cost factors are 
increasing.

•	 Capacity expenditures for the highway system are politically driven and uncertain in the long 
term. This social and economic factor is a negative, at least in the short term, given that pas-
senger mobility is declining nationwide with increased congestion. The congestion impacts of 
truck drayage are therefore becoming more onerous.

Table 4-2 suggests that forward-looking physical highway considerations are primarily nega-
tive while evolving drayage vehicle considerations are primarily positive. Terminal considerations 
appear neutral.

Tables 4-3 and 4-4 list forward-looking short-term and long-term considerations for drayage 
baseline evaluators.

Vehicles Terminals Ways

Economics More Expensive Little Change Under Funded

Environmental Cleaner Little Change Little Change

Social Little Change Little Change More Congestion

Table 4-2.  TBL considerations and port drayage trends.

Positive Short-Term Factors Negative Short-Term Factors
Cleaner diesel engine technology (2007, 2010) Contribute to increasing highway congestion
Increased diesel fuel efficiency standards Driver shortage increases cost
Hybrid and electric tractors Fuel cost increases
Early ITS improving efficiency New tractors more costly

Table 4-3.  Short-term drayage baseline factors.

Positive Long-Term Factors Negative Long-Term Factors
ITS Technology--Efficiency Underfunding for highways
ITS Technology--Capacity Long-term congestion impact
ITS Technology--Safety Long-term emissions impact
Cleaner tractors
New terminal infrastructure not needed
Redundancy

Table 4-4.  Long-term drayage baseline factors.
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Locating Potential Candidates

An evaluation of any kind would usually begin with publication of the minimum performance 
objectives or goals and an invitation to submit concepts or proposals. Alternatively, evaluators 
could conduct a search for candidates. Ideally, the evaluation should encompass the widest possible 
range of technologies and applications.

To be a candidate, a proposed technology or system needs to show potential application to 
the goal or problem statement. Although it may seem self-evident, this observation implies a 
focus on what the proposed system or technology would accomplish rather than how it operates. 
A technology for high-speed movement, for example, may not be applicable to a capacity problem. 
From this perspective, the method is concerned first with outcomes and then with how those 
outcomes are achieved.

Screening Candidates

An early screening step allows the evaluator to narrow the field, conserve analytic resources, 
and emerge with a short list of comparable technologies or systems that meet performance 
requirements and do not possess any “fatal flaws.” Screening criteria are usually expressed as 
minimum requirements or eligibility factors and are a subset of the broader list of selection 
criteria, as discussed above.

Screening may be as simple as listing and verifying the salient facts. For example, the recent 
Roadmap project in Los Angeles and Long Beach determined that “a fixed-guideway system 
implementation timeline is significantly longer than the deployment of electric trucks.” The 
project evaluated that finding against the criteria of “Emissions and Health Risk Reduction” 
and found that while both fixed-guideway and electric trucks were zero-emissions technologies, 
using electric trucks was a superior option because it resulted in the more rapid realization of 
project goals for emissions reduction.

The goal of this first level of documentation is simplicity and consistency. The evaluators need 
enough information to determine if the proposals will pass the screening criteria. Evaluation 
workload increases as the number and complexity of proposals increases. Evaluator resources 
may be especially strained where conceptual proposals must be “fleshed out” or otherwise 
brought to a common level of documentation.

The information available on many current advanced-technology proposals is mostly descriptive 
and conceptual. Unless the evaluation itself is conceptual, many proposals are not developed far 
enough at present for quantitative evaluation. The analytic resources available to evaluators are 
likewise usually limited.

Here, too, the focus should be on goals and on information that allows decisionmakers to 
determine whether potential candidates can serve those goals. In a pragmatic sense, evaluators 
need to determine whether a technology would meet the goal or solve the problem if it performs 
as proposed. Data that inform that determination are relevant at the screening step.

Screening criteria would become more extensive and more stringent as consideration pro-
gressed from conceptual technologies toward implementation of an operable system at a specific 
port. The ability to integrate with legacy terminals and use specific existing rights-of-way, for 
example, is not important at the conceptual research and development level, but will probably 
be critical in the implementation phase.

The concept of a fatal flaw can be applied at any stage of the evaluation and would eliminate 
the proposal as a candidate. The fatal flaw concept is usually applied in technical evaluations, 
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but can also find application in other instances. For example, proposals might be found to have 
fatal flaws if they

•	 Would not function under the range of operating conditions (e.g., weather extremes).
•	 Were found to be structurally unsound.
•	 Included features that were illegal, prohibited by regulation, or violated labor contracts.
•	 Assumed conditions or actions by others that could not be guaranteed.
•	 Could not fit or function in the site or right-of-way available.

Analyzing Candidates

Candidate analysis first involves assembling the information required to support an effective 
evaluation. Performance against minimum requirements is typically a pass/fail dichotomy and 
would likely have been checked during the screening process. Fatal flaws that affect feasibility 
may show up at this stage and would also lead evaluators to drop affected alternatives.

Proposals that pass initial screening would ordinarily constitute a “short list” of viable candi-
dates for analysis. Although the evaluation method provides for a single screening step followed 
by a short list evaluation there is no reason why a second narrowing of the field could not take 
place if useful. It may be possible, for example, that the assembly of screening criteria and data 
would reveal additional stakeholder concerns or requirements that could be addressed in a second 
screening step.

Assembling Evaluation Data

Following the screening process, the best candidates would be asked to provide the technical 
information necessary to support further evaluation. Depending on the purpose, this need might 
be satisfied through a formal Request for Proposals.

Obtaining all the data required to apply a rigorous, quantitative analysis is likely to be a major 
challenge to evaluators. The current (2014) state of the art for alternative inland container transport 
technologies is largely conceptual. There are few physical prototypes and no operating systems 
to provide empirical data. Most proposed technologies exist only on paper, as scale models, or as 
laboratory or field demonstrations of components. Under those circumstances, data are scarce 
and the available data are mostly rough estimates.

Previous studies have gathered data via internet searches, literature reviews, technology sponsor 
presentations and promotional materials, and inquiries to the proposers. The 2009 LA/LB RFCS 
is the only request for concepts to date. (A formal proposal process was originally anticipated 
to follow the concepts and solutions phase if workable solutions had emerged.) At the present 
conceptual level, the data available will be primarily descriptive, rather than empirical performance 
metrics.

Reliable technology and system performance metrics are likely to become available only after 
extended demonstrations and pilot installations, which have yet to be undertaken. Once those 
have been funded, initiated, and completed, there should be objective data available on factors 
such as throughput capacity, velocity, reliability, energy consumption, and emissions.

Objective data on congestion relief, market penetration, operating cost, construction cost, 
and so forth are unlikely to become available in advance of full-scale implementation. Until 
these technologies and systems have been implemented in the port environment and have 
compiled a performance record, evaluators will have to rely on estimation, comparisons 
with similar systems in other applications, or simulation modeling. These approaches to data 
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compilation tend to be costly and time-consuming and blur the line between data assembly 
and data analysis.

Regardless of whether data are readily available, evaluators of inland container transport 
proposals will need to address issues common to all such efforts:

•	 Comparability. System and technology sponsors working in isolation may measure perfor-
mance differently, estimate costs differently, and even define container transport requirements 
differently. Attaining comparability may require multiple feedback loops to identify and 
reconcile important differences.

•	 Assumptions. The research team’s review of technology proposals suggests that different 
sponsors have made different explicit and implicit assumptions regarding container sizes and 
weights, loading and unloading capabilities, rights-of-way, terminal configurations, and other 
important factors. It would probably be necessary for evaluators to provide a comprehensive 
set of common technical assumptions in a solicitation process.

•	 Reliability and objectivity. There is a persistent risk of accepting aspirational or promotional 
information as objective fact. Technology and system sponsors are in the business of putting 
their proposals in the best possible light and putting the best possible face on available data. 
Evaluators may have to probe and verify promoter claims.

•	 Maximum versus routine performance. A distinction must be maintained between the 
maximum or optimal performance of which the technology or system may be capable and the 
routine performance that it can be expected to deliver on a reliable basis in daily operation. It is 
common to provide specifications such as minimum headway between containers, maximum 
speed, and maximum hourly throughput. Taking headway for example, a minimum headway 
of 1 minute between containers does not translate into routine throughput of 60 containers 
per hour unless the loading system can insert the containers at precise 1-minute intervals and 
the unloading system can take containers out of the system that quickly.

After the data and other information are received, they would be reviewed by the project 
sponsor, possibly with the assistance of a team of experts who can thoroughly evaluate the technical 
aspects of a proposal. As the technological readiness of alternate container movement systems 
increases, the amount and quality of specific technical information may be expected to increase 
and with it the complexity of fact verification. For example, assuming energy use was an important 
performance criterion, the proposal review team would need to be competent to judge the practical 
accuracy of the claims included in competing proposals. Such expertise is likely outside the routine 
competence of the staff of most public funding agencies.

With a larger project scope it becomes increasingly desirable to use common metrics for 
evaluation and criteria weighting. This need becomes especially acute in confronting dissimilar 
TBL tradeoffs. New transport systems and the evolving drayage baseline will all offer different mixes 
of economics, capacity, service, emissions, safety, congestion relief, and risk. The distribution 
of costs and benefits will also vary over time, so a common metric that can accommodate time 
factors is needed.

Monetization—the use of dollar values as a common metric—is typically the preferred approach 
to the need for a common metric that can accommodate time and risk factors, particularly for 
projects of large scope. By converting all criteria performance factors to dollar equivalents and 
adopting a life cycle net present value (NPV) approach, evaluators can develop a uniform scoring 
and evaluation process for complex, disparate systems proposals.

The monetization approach requires

•	 Establishment of agreed dollar values for performance measurements associated with selection 
criteria, particularly social and environmental measures.
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•	 Agreement on risk assessments, typically expressed as expected values for each outcome.
•	 Agreement on a discount rate (interest rate) for scaling the time dimension and 

calculating NPV.

There are well-established methods for each of these steps (e.g., TTI has done extensive analysis 
on the cost of congestion; the economic value of a human life lies within a generally accepted range), 
but incorporating equivalent monetary values for a diverse set of criteria (e.g., emissions benefits, 
safety improvements, congestion relief, or other non-financial criteria) into a single model will 
be inherently contentious and difficult.

Monetization approaches include

•	 Determining the cost of achieving the same non-financial outcome (e.g., an emissions reduction 
or congestion improvement) by the best alternative means.

•	 Estimating the value of an improvement (e.g., reduced traffic accidents or reduced community 
health problems) as the unit cost of the current problem (e.g., average social cost of a traffic 
accident or the medical costs and lost earnings associated with illness).

•	 Using expert opinion. Although expert opinion may be consulted, the final values associated 
with each criterion are the final responsibility of the user.

Monetization of all the evaluation criteria has the following benefits:

•	 Many of the evaluation criteria are already monetized and much research has already been 
done in the area of monetizing environmental and social criteria.

•	 Monetary values provide a transparent and easily understood means to weigh dissimilar 
comparison criteria.

•	 Although there will be discussion and disagreement over values assigned, that discussion is 
inevitable, healthy, and facilitated by using a commonly understood measure for value.

•	 Monetization facilitates the use of other common financial means for measuring and evaluating 
risk, while producing a quantified system comparison in the form of standard financial measures 
(including return on investment).

Unfortunately, the state of the practice as of 2014 in advanced-technology container transport 
systems does not support a significant degree of monetization. As the case studies illustrate, there 
are no usable estimates for emissions, safety improvements, security improvements, or other 
factors that would ideally be monetized.

Risk Distribution

Because users will have differing tolerances of risk and alternative container transport systems 
will have different risk profiles, it is critical to determine the risk characteristics of each alternative 
in addition to the NPV of costs and benefits. To perform this analysis, the risk characteristics of 
each criterion contributing to the flow of costs and benefits are estimated and considered. The 
result is a frequency distribution of NPV, which will permit the user to compare a system with a 
lower NPV and less risk with a system with a higher NPV and more risk.

There are multiple kinds of risk, of which the most critical for this application would be

•	 Technological risk—the risk that the technology will not work
•	 Performance risk—the risk that the technology or system will not provide the expected level 

of service
•	 Capital cost risk—the risk that the capital costs of the system will be more than estimated or 

more than the budgeted contingency reserve
•	 Operating cost risk—the risk that the operating costs will be higher than estimated
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•	 Implementation risk—the risk that the system will take longer to implement than expected
•	 Commercial risk—the risk that the system will not be commercially viable
•	 Environmental risk—the risk that the system will have greater adverse environmental impacts 

than estimated
•	 Safety risk—the risk that the system would cause or increase the likelihood of harm to persons 

or property, or of terrorist or politically induced attack

Measurement and evaluation of risk is difficult at best. Ideally, there would be a large number 
of similar attempts from which a distribution of outcomes could be derived. In practice, however, 
assessments of risk tend to be subjective and relative rather than objective and absolute.

Risk itself is frequently defined as the consequences of an event multiplied by its probability, 
essentially the inverse of the expected value of benefits. In this application, it is probably easier to 
estimate the consequences of an event rather than its probability. For example, the consequences 
of a container loaded with furniture toppling off a vehicle on an elevated guideway and onto an 
arterial street below could include

•	 Loss of life or injury due to container impact or to subsequent traffic accidents
•	 Damage to property, including the furniture in the container, the container, vehicles on the 

street, the contents of those vehicles, and the street itself
•	 Disruption to traffic, costs of delay to individuals, and the costs of cleanup to the municipality 

or the system operator

The likelihood of this event, however, would be very hard to estimate. At best, it might be pos-
sible to rank potential technologies and systems as more or less likely to have such events based 
on system design features such as securement to vehicles and fences or walls on the guideway. 
Figure 4-4 shows a simplified method for categorizing risk and subsequent management actions.

Catastrophic Very Serious Serious Not Serious
1 2 3 4

Certain
A

Highly Probable
B

Probable
C

Improbable
D

4A

1B 2B 3B 4B

Li
ke

lih
oo

d

Consequence

Risk Level

1D, 2C, 2D, 3B, 3C

1A, 2A, 3A, 1B, 2B, 1C

1C

1D 2D 3D 4D

2C 3C 4C

1A 2A 3A

3D, 4A, 4B, 4C, 4D

Action/Management Steps
Unacceptable risks, action required 
to eliminate or reduce
May be either unacceptable 
(requiring reduction or elimination) 
or acceptable (requiring 
management)
Usually acceptable, may require 
management

Figure 4-4.  A simplified risk management model.
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Another way to approach risk assessment is to estimate the costs of reducing or averting risk. 
One source17 suggests the following pertinent questions:

•	 What can be done and what options are available?
•	 What are the associated tradeoffs in terms of costs, benefits, and risks?
•	 How do current management decisions [or, in this case, design decisions] affect risk?

Evaluating Candidates

The analysis step alone could be sufficient to locate the best candidate (or to determine that 
no proposal would succeed) without a formal evaluation process. The method includes this 
separate evaluation step for two reasons however:

•	 With multiple criteria in a TBL assessment, there will likely be a need to evaluate tradeoffs 
between the advantages and disadvantages of proposed solutions.

•	 In a highly visible issue, the concerns of stakeholders and proposal advocates may be best met 
through a formal ranking or rating of options against established criteria.

There are numerous methods for evaluating proposals once analysis has been completed, and 
no one method is best for all applications. For example, there is an important distinction to be 
made between two kinds of choices:

•	 Choosing one or more candidates for dedicated funding (e.g., dividing dedicated research 
funds among qualifying proposals), demonstration projects, soliciting bids, and so forth.

•	 Deciding whether or not a given proposal will be funded or chosen (e.g., approving or dis-
approving a proposed demonstration or full-scale implementation).

In the first instance, the task is to pick one or more competing qualified proposals, and the 
evaluation tends to be relative rather than absolute. In the second instance, the objective is to 
determine whether or not the proposal is a good use of public or private funds, and the evaluation 
tends to be absolute. The evaluation method should be chosen accordingly.

As suggested in the descriptions of rankings, rating, scoring, and weighting approaches that 
follow, the more complex approaches are more likely to be suitable as the precision, reliability, 
and completeness of proposal information increase.

At the conceptual stage corresponding to low levels of technology or system readiness, 
performance measures tend to be rough, descriptive, expressed in wide ranges, or unavailable. 
For most systems, this is the state of the art in 2014. Under such circumstances, relative rankings 
based on proponent claims might be the most that can be expected. Attempting a more definitive 
or detailed evaluation would likely be risky, open to question, and potentially misleading.

As TRLs and SRLs progress, it should be possible to advance from relative rankings to scalar 
ratings, at least for the more readily quantifiable criteria. A review of alternative container transport 
technology proposals and requests suggests that factors such as capacity, speed, and emissions 
may be easier to quantify and score than factors such as cost, congestion impacts, or safety.

Ranking

In the most basic form of ranking, the proposals would be evaluated against each criterion 
and listed in order, usually from best to worst. This approach has obvious limitations where 

17 Originally in Yacov Y. Haimes, “Total Risk Management,” Risk Analysis 11, No 2 (1991): 169–171
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there are multiple criteria. One means of ranking proposals against multiple criteria is shown 
in Table 4-5.

By ranking the six proposals in the example from 1 to 6 on five hypothetical criteria, the total 
score can be used to select the best proposal or to rank all six. In the example, Proposal C is ranked 
highest overall. In this case, no weights are assigned to criteria, so, for example, low cost is just as 
important as relieving congestion. This approach would be most suitable when the consequences 
of the decision are smaller (e.g., a modest research grant or descriptions of the state of the art) 
or where detailed information on the various proposals is not readily available.

The ability of rankings to distinguish between similar and disparate proposals is limited. 
In Table 4-5, for example, Proposal C, the apparent winner, may have a much higher cost than 
Proposal A, but only a slightly better safety outcome.

Ratings

Criteria rating, an example of which is shown in Table 4-6, provides more flexibility. By rating 
each proposal on a scale of 1 to 5 it is possible to have ties and to distinguish either very good or 
very bad performance. The example in Table 4-6 shows Proposal L to be somewhat better than 
I or K, but Proposal G to be much worse than all the others.

The 1 to 5 scale is commonly used in survey questions and can be assigned either numerical 
or text values. The average score can thus reflect technical scoring, opinion, judgment, or even 
emotional response.

In Table 4-7, the 1 to 5 ratings have been converted to the familiar “Consumer Reports” 
symbols. This approach to displaying results works best when differences between proposals are 
clear or where it is used to pick more than one leading candidate. In Table 4-7, Proposals I, K, 
and L cannot be distinguished in the overall rating, but all three are clearly better than G, H, or J.

A similar approach was used in the 2011 LA/LB Roadmap, discussed later.

Capacity Cost Emissions Safety Congestion

A 1 2 2 3 5 13
B 3 5 5 1 4 18
C 4 3 1 2 1 11
D 2 6 3 5 3 19
E 5 1 4 6 2 18
F 6 4 6 4 6 26

Criteria Ranking (1=Best, 6=Worst) Total 
Score

Proposal

Table 4-5.  Example of criteria ranking.

Capacity Cost Emissions Safety Congestion

G 1 2 1 3 5 2.4
H 4 5 1 1 4 3.0
I 4 3 5 3 1 3.2
J 1 3 3 5 3 3.0
K 5 2 4 3 2 3.2
L 2 4 4 4 3 3.4

Proposal
Criteria Rating (1-5, 5 being best) Avg. 

Score

Table 4-6.  Example of criteria rating.
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Criteria Scoring

Using a broader scale (e.g., 1–100, as shown in Table 4-8) allows both more discrimination 
between similar proposals and a wide spread between disparate proposals. Without weighting the 
criteria, however, this approach still does not reflect the relative importance of cost and emissions 
reduction, for instance. In the example shown, Proposal P is scored highest. It could be argued, 
however, that Proposal R is more cost-effective at reducing emissions, because it scored higher 
than P on both cost and emissions criteria.

More fundamentally, the ability to score proposals accurately on a scale of 1 to 100 implies 
that enough is known about the proposals to make those distinctions. As of 2014, the proposals 
for alternative container transport systems are for the most part still highly conceptual. The ability 
to distinguish a score of 45 from a score of 44 or 46 would therefore be questionable at best. 
A detailed scoring approach such as illustrated in Table 4-8 would likely be more appropriate 
for some point well in the future when alternative container transport systems have advanced to 
where performance factors can be reliably quantified.

Table 4-9 illustrates another application of criteria scoring in support of container transport 
system evaluation. In this example, importance scales have been awarded to the criteria them-
selves by stakeholders. The scores have then been totaled and normalized to result in percentage 
weightings. In an evaluation, the Capacity scores would receive a 19% weight, the Cost scores a 
20% weight, and so forth.

Capacity Cost Emissions Safety Congestion

G

H

I

J

K

L

Proposal
Criteria Rating

Overall

Table 4-7.  Example of “Consumer Reports” criteria rating.

Capacity Cost Emissions Safety Congestion

M 35 23 60 15 56 189

N 20 45 30 26 40 161

O 70 63 29 56 80 298

P 55 48 67 73 90 333

Q 60 36 40 55 19 210

R 30 75 80 15 60 260

Proposal
Criteria Scoring (0-100, 100 being best) Total 

Score

Table 4-8.  Example of criteria scoring.
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Weighted Criteria Scoring

The performance of proposals against a set of criteria and the relative importance of those 
criteria to the relevant decisionmakers can eventually be combined in weighted criteria scoring. 
As illustrated in Table 4-10, selection criteria are given weights (by whatever method) that are 
then applied to performance scores. In Table 4-10 Proposal T has the highest weighted score by 
a small margin over Proposals U and V.

Changing the weights can change the final rankings. Table 4-11 uses the same performance scores 
as Table 4-10, but the criteria weights from Table 4-9. Proposal V then receives the highest score.

Capacity Cost Emissions Safety Congestion

1 35 23 60 15 56 189

2 20 45 30 26 40 161

3 70 63 29 56 80 298

4 55 48 67 73 90 333

5 60

30

36 40 55 19

75 80 15 60

210

6 260

Total Score 270 290 306 240 345 1451

Normalized 
Weight

19% 20% 21% 17% 24% 100%

Criteria Weighting (0-100%) Total 
Score

Stakeholder

Table 4-9.  Example of criteria weighting.

Capacity Cost Emissions Safety Congestion

Weight 30% 30% 20% 10% 10% 100%
Proposal

S 3.5 2.5 6.0 1.5 5.5 3.7
T 8.0 5.5 4.5 4.5 8.5 6.3
U 7.0 6.5 3.0 5.5 8.0 6.0
V 5.5 5.0 6.5 7.5 9.0 6.1
W 6.0 4.0 4.0 5.5 2.0 4.6
X 3.0 7.5 8.0 1.5 6.0 5.5

Criteria
Weighted Criteria Scoring (0-10, 10 being best) Weighted 

Score

Table 4-10.  Example of weighted criteria scoring.

Capacity Cost Emissions Safety Congestion

Weight 19% 20% 21% 17% 24% 100%
Proposal

S 3.5 2.5 6.0 1.5 5.5 4.0
T 8.0 5.5 4.5 4.5 8.5 6.3
U 7.0 6.5 3.0 5.5 8.0 6.0
V 5.5 5.0 6.5 7.5 9.0 6.8
W 6.0 4.0 4.0 5.5 2.0 4.1
X 3.0 7.5 8.0 1.5 6.0 5.4

Criteria
Weighted Criteria Scoring (0-10, 10 being best) Weighted 

Score

Table 4-11.  Example of weighted criteria scoring  
with alternative weights.
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Monetized Criteria Scoring

When criteria have been monetized in the analytical phase, the evaluation exercise is straight-
forward as commonly used economic and financial investment techniques such as cost-benefit 
and cost-effectiveness analysis can be applied. During the analytical phase, TBL costs and benefits 
of alternative container transport systems are estimated from inception and throughout their 
useful lives. These risk-adjusted cash and non-cash costs and benefits are combined to produce 
a summation of benefits year by year. This flow of costs and benefits produces an NPV for each 
alternative system based on a full life cycle of service.

The monetization approach effectively embeds criteria metrics and weights in a single mea-
surement: dollar equivalents. The monetization process itself, therefore, requires a significant 
investment of time and resources. If successfully completed, however, monetization provides an 
analytically rigorous approach to comparing proposals, analyzing tradeoffs, and optimizing TBL 
results. For some projects, the addition of the TBL benefits provides the critical rationale for 
advancing a project that may not be justifiable on financial merit alone.

Choosing Candidates

The final step in the process is the comparison of the candidate technologies or systems being 
evaluated with the evolving drayage baseline (assuming a baseline is applicable). Perhaps the most 
challenging aspect of this will occur when the choice involves a high-risk, high-value alternative 
versus a less risky alternative with a lower value. This case would be judged based on the risk 
tolerance of the decisionmaker.

Ideally, a TBL NPV would be calculated using monetized evaluation criteria and the successful 
alternative(s) selected for comparison against the drayage baseline. The essential feature of this 
step is that the alternative technologies are compared with each other based on risk and the NPV 
of TBL benefits. The process allows for more than one successful system as circumstances may 
dictate. For example, the process may be used to find the three best systems for development grants.
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Approach

If the proposed evaluation method is to be broadly applicable and useful, the next study step 
is to test and validate it in real-world applications. There are, as yet, no alternative container 
transport systems in operation, or even active proposals for implementation. The method must 
therefore be checked at earlier stages of system development.

An evaluation method can be tested either in a new application or by “redoing” a previous 
evaluation. In both cases the proposed method should yield a satisfactory outcome, but, in the 
second case, that outcome can also be compared with the original result and conclusions drawn 
regarding any differences. The research team located opportunities to test the method both ways.

The methodological evaluation steps were shown in Figure 4-1. To test and validate this 
method, the research team needed to match the generic steps in Figure 4-1 with the specifics of 
the proposed technologies, their port application, and their state of development relative to the 
port’s goals.

If the method steps are valid, the research team should be able to use them as templates for 
a wide range of evaluation tasks. While application to early phase conceptual proposals for 
research and development support should be a valid use of these evaluation tools, such a test 
would not verify their utility and more advanced development stages. The research team, therefore, 
sought potential applications that either

•	 Addressed a specific near-term application of alternative container transport systems;
•	 Anticipated incorporation of alternative transport systems in infrastructure planning; or
•	 Evaluated the ability of alternative transport systems to solve a specific problem.

The research team surveyed U.S. container ports to locate possible candidates for near-term 
(e.g., within 5 years) application of alternative container transport technologies. The research 
team narrowed the candidates to Los Angeles/Long Beach and Baltimore and confirmed that the 
ports were willing to participate in the project.

Technology Candidates

The technologies identified in the project (Table 2-1) were reviewed to identify representative 
candidates for evaluation in the case studies. Key considerations included

•	 Status of technology development. Was the underlying transport technology proven and 
used in other applications, still under development, or strictly conceptual?

•	 Viability of sponsor. Was there an active technology sponsor with whom the research team 
could work? If not, were there alternative sources of information?

C H A P T E R  5

Case Studies
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•	 Availability of construction designs. Had preliminary or sketch-level designs been prepared 
for right-of-way support structures, terminals, or other major capital items? Or would the 
research team have to use conceptual placeholders for these items?

•	 Experience with comparable systems. Did comparable systems exist (e.g., public transit 
applications) from which cost and operational factors could be estimated?

•	 Completeness. Completeness of system design would be a major consideration. From Tioga’s 
experience in previous studies it appeared that development of most technologies had thus 
far emphasized line-haul technology and operations, with limited progress being made in 
terminals and network configurations.

•	 Market readiness. Expected time-to-market would be estimated based on the considerations 
above and other factors.

The chosen technologies should be different enough to constitute a valid test of the method, 
but realistic enough to engage the affected stakeholders in serious discussions.

Status of Technology Development

Most of the new technologies proposed to move containers from ports to inland locations are 
in early stages of development. Although none have been tested with prototypes working under 
representative working conditions, some had been tested with full-scale prototypes on test tracks. 
Table 5-1 presents the technological readiness of those technologies listed in Table 2-1. Many 
of these ratings are based on the findings of work done for the Port of Los Angeles/Long Beach 
Zero-Emissions Container Movement System. The technologies listed in the left-hand column 
would have the TRL (per Table 3-2) of seven or above. Technologies listed in the center column 
would have a TRL of about six, while those in the right-hand column would correspond to TRL 5  
or below. In this case, technologies receive a score of TRL 6 only if there is a full-scale working 
prototype. Some of the technologies have prototypes, but they are of a smaller scale.

Viability of Sponsor

Each of the technologies presented in Table 2-1 has a sponsor or sponsor(s). These vary from 
large, established corporations to essentially a person and an idea (Table 5-2). Although the 
specific viability of a sponsor is uncertain, the level of resources available for these technologies 
could provide some indication of viability. A company with other sources of revenue could apply 
research and development funds to the container moving technology project. A larger company 

Either Actual System or 
Prototype Demonstrated in 
an Operational Environment 
(TRL 7+) 

Model or Prototype
Demonstrated in a Real 
Environment (TRL 6)

Concept Only or Component 
Validation (TRL 5-) 

Electrified railway 
Hybrid trucks

Electric Cargo Conveyor System 
EMMI 
Bombardier Maglev

AirHelo 
Flight Rail Corporation
Automated Shuttle Car System 
CargoRail/Cargo Tram 
Container-Express Corridor
Container Port Skid
MagneTruck 
MagneRail
LIM-Rail/MagRail
Air Rail
Southern California Guideway 
SAFE Freight Shuttle
Freightrapid
Rail Motor & SPM Maglev
LEVX California Freight Systems

Table 5-1.  Status of technology development.
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would typically have more financial resources than a smaller company. Other companies do 
not have current sources of revenue, but they have been successful at obtaining funding in the 
past from federal or other grant sources, or business partners. Finally, some proponents do not 
appear to have any significant source of funding. Generally, promotional materials from these 
companies refer to markets and revenues in the future tense.

Availability of Construction Designs

The availability of construction designs will typically be driven by participation or applications 
to past projects. Those technology proponents who had applied for previous opportunities would 
be likely to have designs available that were developed for their applications. Furthermore, this 
participation suggests a willingness to share and disseminate the proponents’ ideas. Given the 
likely analysis of the Ports of Long Beach/Los Angeles for this study, designs applicable to this port 
would likely be particularly relevant, such as those submitted for the ZECMS process. Information 
was provided both for the 2006–2008 ACTTEC study, as well as the 2009–2010 Request for 
Concepts and Solutions for a Zero-Emissions Container Movement System (2010 RFCS). Some 
responses to the ZECMS were more complete than others (Table 5-3).

The availability of hybrid truck construction designs depends on what specifically is proposed. 
For the 2010 RFCS, Tetra Tech proposed hybrid trucks for existing streets and highways, plus a 
newly acquired right-of-way but was not very specific. However, if the trucks are expected to use 
existing rights of way, construction designs are less of an issue.

Experience with Comparable Systems

In some cases, while the overall container mover system is in a developmental stage, the 
underlying propulsion technology has broader usage:

•	 Electric rail and hybrid truck technologies are in use, although some proposed hybrid truck 
technologies are more experimental than others.

Large Company 
Small Company with Other 
Sources of Revenues or Past 
Success in Securing Funding 

No Significant Apparent 
Source of Funding 

Hybrid trucks (Tetra Tech, etc.)
Electrified railways (Siemens, etc.) 
Electric Cargo Conveyor System 
(General Atomics) 
MagneTruck (General Atomics) 
MagneRail (General Atomics)
Freightrapid (ThyssenKrupp)
Bombardier Maglev

Automated Shuttle Car system 
SAFE Freight Shuttle (TTI) 
EMMI 
LIM-Rail/MagRail
Launchpoint Technologies 
CargoRail/Cargo Tram 
Rail Motor & SPM Maglev

Flight Rail Corporation
AirHelo 
Container-Express Corridor
Container Port Skid
Air Rail
Southern California Guideway/
Whelan & Associates
LEVX California Freight Systems

Table 5-2.  Resources available to technology proponents.

Submitted Relatively 
Complete Application 

Submitted Less Complete 
Application No Application 

Automated Shuttle Car System 
CargoRail Cargo Tram 
Electric Cargo Conveyor
LIM Rail and MagRail
Freightrapid
LEVX California Freight Systems
EMMI 

Flight Rail Corporation
AirHelo 
Container-Express Corridor
Container Port Skid
MagneRail
Air Rail
Southern California Guideway 
SAFE Freight Shuttle
Rail Motor & SPM Maglev
Bombardier Maglev

MagneTruck 

Table 5-3.  Technologies submitted during the ZECMS process.
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•	 Of the linear electric motors, LIM systems have some applications. LIM motors are used 
on several passenger transit lines in China and Japan. The Bombardier Advanced Rapid 
Transit System (ART) is also used for people movers at JFK, Vancouver, and Detroit airports. 
Kawasaki Heavy Industries has produced LIM motors for transit systems in Japan and 
China. LIM motors also power roller coasters and baggage handling systems. LSM is used 
for the Shanghai Transrapid system. There are no instances of linear motors being used for 
hauling freight.

•	 Two Maglev systems are used for passenger operations: the Shanghai Transrapid system and the 
Japanese HSST “Linimo” line. Two other Maglev lines are under construction in China and in 
Korea, and other Maglev lines are planned. There are no examples of Maglev used for hauling 
freight.

For several technologies, it is not clear what is being proposed to determine whether these are 
in use. Table 5-4 summarizes the status.

Completeness

Many of the proposed container mover systems have not established a complete solution. 
As an example, the ACTTEC consulting team found that none of the proponents had explained 
how the various container moving elements would integrate into an overall system. However, 
some proposals considered a broader array of system components than others. In the case of the 
ACTTEC, proposals were evaluated by the extent to which they presented feasible solutions for 
the following elements:

•	 Integration
•	 Guideway
•	 Propulsion
•	 Command and Control
•	 Loading and Unloading
•	 Vehicles
•	 Switching
•	 Sorting and Storage
•	 Operating Plan

Some of these elements were specific to ACTTEC, but others indicate a general completeness 
and breadth of proponents’ thinking about their technologies. The completeness of hybrid truck 
solutions would vary by what is being proposed but would generally rely on existing systems. 
The issue of completeness would not be as relevant to hybrid trucks as to a fixed-guideway 
system. Because railways with conventional electric power (e.g., catenary or third rail) have not 

Broad Application Some Comparable Systems  Few or No Comparable 
Systems 

Electrified railways 
Hybrid trucks 

Automated Shuttle Car System 
CargoRail/Cargo Tram 
Container-Express Corridor 
Freightrapid 
Air Rail 
SAFE Freight Shuttle 
 

Flight Rail Corporation 
AirHelo 
Container Port Skid 
Electric Cargo Conveyor System 
MagneTruck 
MagneRail 
LIM-Rail/MagRail 
EMMI 
Rail Mover & SPM Maglev 
Bombardier Maglev 
LEVX California Freight Systems 
Southern California Guideway 

Table 5-4.  Current experience with comparable systems.
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been put forward as alternatives for inland container movements, little has been documented 
regarding the systems that would support this technology. Table 5-5 shows the relative complete-
ness of applications from the ZECMS process.

Technology Choices

Table 5-6 provides an overall rating of technologies based on the ratings that appear in 
Table 5-1 through Table 5-5 above. For each criterion, technologies can receive a score of zero to 2. 
A score of 2 applies to the technologies that appear in the left-hand column of figures above, 
those that fulfill a given criterion relatively well. A 1 is given to technologies that appear in the 
middle column of figures above, those that somewhat fulfill a given criterion. A score of zero is 
given to the technologies that appear in the right-hand column of the figures above and do not 

Many of the System Aspects 
Thought Through

Some System Aspects
Thought Through 

Relatively Incomplete 
System Analysis 

Automated Shuttle Car System 
CargoRail/Cargo Tram 
Electric Cargo Conveyor System 
EMMI 

Freightrapid
Rail Mover & SPM Maglev
LEVX California Freight Systems
MagneRail

Flight Rail Corporation
AirHelo 
Container Port Skid
MagneTruck 
LIM-Rail/MagRail
Bombardier Maglev
Container-Express Corridor
Electrified Railway
Southern California Guideway 

Table 5-5.  Completeness of applications.

Name Organization
Technology 

Status
Sponsor 
Viability

Design 
Availability

Experience 
with 

Comparable
Complete Total

Hybrid Trucks Tetra Tech 2 2 2 2 2 10
Electrified Railway Siemens & others 2 2 2 2 0 8

Electric Cargo Conveyor System General Atomics 1 2 2 0 2 7

Automated Shuttle Car System Automated Terminal Systems, Inc. 0 1 2 1 2 6

CargoRail/Cargo Tram MegaRail Transportation Systems 0 1 2 1 2 6
Environmental Mitigation and 
Mobility Initiative (EMMI)

American Maglev Technology of 
Florida

1 1 2 0 2 6

Freightrapid Transrapid International-USA 0 2 2 1 1 6
MagneRail™ General Atomics 0 2 1 0 1 4
Bombardier Maglev Maglev Inc. 1 2 1 0 0 4

LIM-Rail/MagRail 
Innovative Transportation Systems 
Corporation (with General Atomics)

0 1 2 0 0 3

SAFE Freight Shuttle Freight Shuttle Partners 0 1 1 1 0 3
Rail Motor & SPM Maglev Launchpoint Technologies 0 1 1 0 1 3

LEVX California Freight Systems Magna Force, Inc 0 0 2 0 1 3

MagneTruck™ General Atomics 0 2 0 0 0 2
Air Rail Skytech 0 0 1 1 0 2
AirHelo International, Inc 0 0 1 0 0 1
Flight Rail Corporation Flight Rail Corporation 0 0 1 0 0 1
Container Express Corridor CitiCar 0 0 1 0 0 1
Container Port Skid Tubular Rail 0 0 1 0 0 1

Southern California Guideway
Southern California Guideway/ 
Whelan & Associates

0 0 1 0 0 1

Table 5-6.  Ratings of technologies to short list for further evaluation.
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fulfill a given criterion well. The results suggest that hybrid trucks would be an obvious choice for 
a technology selection. Electrified rail would be a second candidate, because it is an established 
technology. The third would be the Electronic Cargo Conveyor System. This is because General 
Atomics submitted a relatively complete proposal as part of the ZECMS process and has a 
working prototype on a test track, albeit with a small container. This technology also received 
relatively high marks because it is sponsored by General Atomics, a company of reasonable 
size and resources. However, the relative market readiness of this technology is open to 
debate, particularly because it relies on LSM and Maglev, two technologies of very limited 
current application, even for passenger operations. A subjective scoring of market readiness 
could suggest a different technology.
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Background

For the LA/LB case study, the research team used the proposed method and cost model to 
determine whether advanced container transport technologies have a place in long-term solutions 
to the challenges facing Southern California ports and communities. In so doing, the research 
team effectively re-examined the issues addressed in the previous studies. The research team’s 
objective was twofold—to test the method and to develop insights regarding the long-term 
prospects for advanced container transport technologies themselves.

The available information on advanced technologies and systems incorporating those tech-
nologies is far too sparse to support definitive cost estimates or performance metrics. This case 
study therefore combines available estimates and information with additional estimates devel-
oped by the research team to fill the gaps.

A case study involving the Ports of Los Angeles and Long Beach is appropriate for several 
reasons:

•	 Together, the Ports of Los Angeles and Long Beach (LA/LB) form the largest, busiest, and 
most complex container port in North America.

•	 The advanced container transport and advanced drayage concepts considered in this project 
first emerged in response to emissions and congestion problems in Southern California.

•	 The two port authorities have considered alternative container transport systems in three 
successive initiatives.

•	 Development of the EIS for expansion of Interstate 710 serving the ports considered advanced 
container transport systems as well as advanced drayage systems.

•	 Southern California experience with low-emissions, LNG, and hydrogen-hybrid drayage 
tractors provides more complete real-world comparisons.

The multi-stage LA/LB consideration of container transport options has been driven by more 
than just the desire to move containers efficiently and with minimal emissions. Communities, 
interest groups, and regulatory agencies are deeply concerned over the regional impacts of 
current and projected container movements. Every port expansion or improvement project is 
closely scrutinized. To obtain the cooperation and acquiescence of these organizations, the ports 
must demonstrate a pro-active approach to reducing emissions, congestion, and other impacts. 
The ports are therefore effectively compelled to investigate and, where justified, support the 
development of low-emission and zero-emission technologies.

The LA/LB situation is the most prominent example of a broader national and international 
trend. Recognition and documentation of container port externalities is leading regional planning, 
political, and regulatory bodies to require stringent mitigation and remediation efforts. Ports are 
facing increased opposition to expansion plans unless regional stakeholders see earnest efforts 
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to reduce both current and future impacts. Given this increasingly adversarial context, ports 
everywhere will need to make good-faith efforts to locate and implement the most community-
friendly transport technologies. The evaluation method must therefore satisfy the demands 
of regional stakeholders for due diligence as well as the port’s own financial and development 
requirements.

Context

Terminals

The pieces of the Southern California port “puzzle” include numerous terminals and connectors. 
There are about 13 active Port marine container terminals (Figures 6-1 and 6-2).

There are two major off-dock rail intermodal terminals (BNSF’s Hobart and UP’s Los Angeles 
yards, both about 20 miles from port terminals, Figure 6-3). UP has three regional facilities, but 
the Los Angeles facility on Washington Blvd. (technically in City of Commerce) handles almost 
all of the international containers.

The “Inland Empire” includes a cluster of distribution centers and other import/export 
customers straddling Riverside and San Bernardino counties roughly 70 miles inland from the 
ports (Figure 6-4).

With 13 active or developing container terminals, 9 port intermodal yards, 2 near-dock rail 
intermodal yards, 2 more distant (20 miles) rail intermodal yards, and the possibility of service 
to inland ports or satellite terminals within the 100-mile study radius, many different system 
configurations are possible. There have been no concrete proposals for advanced-technology 
systems linking these points in any combination. Studies to date have implicitly or explicitly 
assumed different configurations. The I-710 Alternatives Study, for example, examined a system 
linking the port terminals to the off-dock terminals 20 miles inland, but not to the near-dock 
terminals because it was examining alternatives to expanding I-710 which trucks use to reach the 
off-dock terminals. The 2010 RFCS, in contrast, focused on service to the near-dock rail terminals.

Source: http://www.polb.com/facilities/maps/cargo/asp

Figure 6-1.  Port of Long Beach container terminals.
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Connectors

At present, container movements to and from the Ports of Los Angeles and Long Beach are 
spread over highways and conventional rail lines. The major highways connecting port terminals 
with local, regional, and national origins and destinations are Interstates 110 and 710, with I-710 
taking the greater truck traffic burden, as shown in Figure 6-5. About 50 to 60% of all container 
drayage trips are contained in the 20 miles between the ports and downtown Los Angeles. 

Source: Port of Los Angeles website

Figure 6-2.  Port of Los Angeles container terminals.

BNSF Hobart
UP Los Angeles

UP ICTF 
BNSF SCIG 

Courtesy of The Port of Long Beach

Figure 6-3.  Near-dock and off-dock rail intermodal 
terminals.
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Figure 6-4.  Inland Empire—representative  
terminal site.

Figure 6-5.  Highway network for ports of Los Angeles and Long Beach.
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Efforts to increase the capacity of I-710 have been going on for more than a decade, with the 
current EIR/EIS preparation now in its 7th year (as of early 2014). I-710 is the subject of a major 
expansion project covering the 18 miles north of the ports. Estimated right-of-way and construc-
tion costs for the preferred expansion alternative in 2010 dollars are about $5.3 billion.

Approximately 26% of container movements to and from the ports are handled at the nine 
on-dock rail intermodal terminals. Rail operations in the port area are handled by Pacific 
Harbor Line (PHL). PHL connects marine terminals with UP and BNSF, operating over the  
Alameda Corridor (Figure 6-6). Operations beyond the Alameda Corridor are handled by UP 
and BNSF on their own networks.

About 14% of port container movements are drayed to and from near-dock and off-dock 
rail yards (Figure 6-3). UP operates the Intermodal Container Transfer Facility (ICTF) about 
4 to 6 miles from the marine terminals. Containers are drayed over local streets and highways 
between the marine terminals and the ICTF. BNSF has proposed development of the SCIG on 
a site just south of the ICTF (Figure 6-3). SCIG would be served by “clean” trucks exclusively 
under commitments made by BNSF.

BNSF and UP also have “off-dock” rail intermodal terminals about 20 miles inland from 
the ports (Figure 6-3). These terminals are accessed primarily from I-710. There are no regular 

Figure 6-6.  Pacific Harbor Line map.
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container movements by rail between the ports and the near-dock or off-dock rail intermodal 
terminals.

Container Flows

Several Southern California container flows might be served by a new inland transport system 
(Figure 6-7). The current proportions of these flows are given in Figure 6-8.

Local Customer Imports and Exports

Containers with customer origins or destinations in the immediate vicinity of the port terminals 
(e.g., within a 20-mile radius) are moved directly to and from the marine terminals via truck 
drayage. These dispersed flows would not be candidates for technologies that required additional 
transfers or movement to and from an inland system terminal.

Figure 6-7.  Container flows to/from port terminals.

On-dock
Rail

Marine Container Terminal

Near-dock
Rail

Off-dock
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National O-Ds

Local
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Figure 6-8.  Shares of major container flows.
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Local Transloads

The transloaders near the port terminals concentrate substantial volumes in each location. 
Southern California transloading is dominated by imports, with empties returned to port ter-
minals. Once transloaded to domestic containers and trailers, the imports are either drayed to 
rail terminals or trucked to destinations. These flows are also likely to be poor candidates for a 
fixed or exclusive guideway system.

Near-Dock Rail Intermodal

UP’s ICTF is roughly 4 to 6 miles from the marine terminals, as is the site of the  
proposed BNSF SCIG terminal. These terminals receive import containers from most of 
the marine terminals and dispatch export and empty containers in return. The volumes 
concentrated at these terminals makes the near-dock flows candidates for application of 
advanced technologies, although the short distances involved may constrain the competi-
tive advantages.

Off-Dock Rail Intermodal

The BNSF Hobart and UP East Los Angeles rail intermodal terminals are close together 
about 20 miles from the ports (Figure 6-3). The large volumes involved and greater distance 
traveled makes container flows to and from these terminals prime candidates for advanced 
technologies.

On-Dock Rail Intermodal

Containers transferred to and from rail cars at on-dock rail terminals (Figure 6-6) would 
not ordinarily be candidates for advanced transport technologies.

Intraregional Imports and Exports

Containers trucked to and from points in the 20- to 100-mile range could be candidates 
for advanced transport technologies if the flows were sufficiently concentrated. The obvious 
candidates would be flows to and from the Inland Empire, roughly 85 miles from the Ports. 
The feasibility of an inland port serving these flows was extensively analyzed in a report for 
SCAG in 2008. There have been tentative proposals for inland ports at other locations in 
Southern California, but, as yet, none have a significant concentration of import/export 
container flows.

Interregional Imports and Exports

Containers trucked to and from dispersed points outside the port region would not be 
good candidates for advanced-technology systems. The best candidates for an advanced-
technology system would therefore be near-dock rail intermodal, off-dock rail intermodal, 
and Inland Empire flows, with Inland Empire flows being concentrated at a single terminal 
in that market area.

Project History

There have been four major studies of alternative container transport systems in Southern 
California:

•	 The 2006–2008 ACTTEC by Cambridge Systematics/URS (2008 ACTTEC)
•	 The 2007–2009 Alternative Goods Movement Technology Analysis Initial Feasibility Study 

Report prepared by URS for the Metro I-710 Expansion EIR (2009 AGMTA)
•	 The 2009–2010 Request for Concepts and Solutions for a Zero-Emissions Container Movement 

System (2010 RFCS)
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•	 The 2011 Roadmap for Moving Forward with Zero-Emissions Technologies at the Ports of 
Long Beach and Los Angeles (2011 Roadmap)

The purpose of the 2008 ACTTEC project was “to conduct a systems analysis of advanced 
transportation technologies for moving containers from the ports to the Intermodal Con-
tainer Transfer Facility (ICTF) and the proposed Southern California International Gateway 
(SCIG).” The preliminary assessment was essentially a screening process. Proponent responses 
to questions were taken at face value and not, at this stage, analyzed or evaluated. The second 
stage, the “Technical Inquiry,” asked proponents to respond to a list of questions based on two 
hypothetical service scenarios. Third, proponents were asked for cost estimates. The final step 
combined the commercial and technical scoring. The ACTTEC study was essentially an early-
stage survey and readiness assessment. The state-of-the-art had not progressed far enough to 
support quantified analysis against absolute selection criteria.

For the 2009 I-710 EIR Feasibility Study, that project team evaluated various container trans-
port system proposals as alternatives to freeway expansion. This effort involved a feasibility 
study to determine if any of the proposed systems could be substituted for additional freeway 
capacity. This was a very different research question than that posed in the 2008 ACTTEC 
study.

The 2010 LA/LB RFCS solicited proposals to achieve the general goal of “Moving containers 
between marine terminals and near-dock intermodal facilities by an alternative mode of transport 
that generates zero-emissions at no cost to the Ports and ACTA (Alameda Corridor Transporta-
tion Authority).” As it turned out, none of the proposals could demonstrate capabilities of these 
kinds; the technologies were not sufficiently mature nor were the financial assumptions sufficient 
to generate market-based solutions. The evaluation process effectively defaulted to a screening 
exercise in which none of the candidates passed initial screening.

In September 2011, the Ports completed the “Roadmap for Moving Forward with Zero-Emissions 
Technologies at the Port of Long Beach and Port of Los Angeles” (2011 Roadmap). This effort 
corresponds to the next step in overall progress toward a working system and resulted in com-
mitments to demonstration projects, research and development support, and help with securing 
other funding. No commitments were made to build or implement any of the proposals.

Decisionmakers

The two port authorities and the regional planning agencies (chiefly the Southern California 
Association of Governments—SCAG, and the South Coast Air Quality Management District—
SCAQMD) would be the key decisionmakers in the LA/LB case study. Although the port authorities 
are not technically responsible for transportation beyond their terminal boundaries, they have 
effectively been given that responsibility and accepted it. The two port authorities sponsored 
three previous studies. Any container transport system would connect at port-owned marine 
terminals. Fixed-guideway systems would require new infrastructure at those terminals, presumably 
built with port funds. Truck systems would use existing or expanded entrance/exit gates, again 
built with port funds. The ports need completed, approved EIRs to proceed with infrastructure 
projects to accommodate growth. To obtain local and regional concurrence on those plans, the 
ports needed to reduce port-related congestion and emissions or at least make good-faith efforts 
to do so. Local agencies (e.g., SCAQMD), communities, and interest groups have opposed and 
delayed port plans that do not remediate existing conditions. Project plans must therefore 
include measures that not only mitigate project impacts, but reduce the impacts already occurring. 
In effect, the ports have accepted a measure of responsibility for inland transport congestion 
and emissions in return for cooperation with expansion plans. This is a clear example of the 
“social license” and “TBL” concepts discussed below in the context of evaluation criteria.
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The ports cannot fund or implement an inland container transport system on their own. 
Although they have accepted some responsibility for transport activity beyond their terminals, 
they lack authority over inland infrastructure and operations or the financial capability to build 
an inland system. Inland infrastructure would require regional, state, and possibly federal funds. 
To obtain those funds, a new inland container transport system will need the support of the 
metropolitan planning organization (SCAG), the regional air quality authority (SCAQMD), and 
the State of California.

State and federal transportation infrastructure funding decisions are increasingly based on 
regional and state plans that aggregate local and regional proposals into long-range programs. 
Local projects are aggregated into Metropolitan Transportation Improvement Plans (MTIPs) 
and Regional Transportation Improvement Plans (RTIPs), which are in turn aggregated into 
State Transportation Improvement Plans (STIPs). To progress upward through this funding 
process, an inland container transport system will need to start with regional approval by SCAG 
and SCAQMD.

The users of the proposed evaluation method, therefore, would be the Ports of Los Angeles 
and Long Beach, SCAG, and SCAQMD. Approval by these organizations would likely be 
contingent on acceptance by communities and interest groups, but those stakeholders are more 
likely to react to proposals and proposed approvals than to conduct a completely independent 
evaluation.

The customer is not represented in the formal approval process. Private industry  stakeholders—
importers, exporters, ocean carriers, truckers, and railroads—typically have opportunities for 
input, but no role in the evaluation or approval process. Their cooperation is essential for project 
success, but they may not be given a choice.

There is an emerging exception to the absence of customer participation. Increased concerns 
with both the image and the reality of being environmentally responsible and “green” have led 
some major importers to focus on the criteria pollutants, fuel use, and GHG emissions in their 
supply chain. This concern has become manifest in requirements for drayage contractors to be 
“green,” specifically by using “clean” or alternative fuel drayage tractors. Concerned importers  
have been willing to pay higher drayage prices for “greener” trucking services. The primary focus 
of these concerns, however, has been local Southern California drayage, rather than rail intermodal 
trips, and may not be relevant to this case study.

Evaluation Objective

The research team devoted considerable attention to the match between evaluation method 
and evaluation purpose. Deciding whether or not to build a multi-billion dollar system, for 
example, requires a very different and more extensive evaluation than deciding whether or not 
to award technology developers a $100,000 research grant. For this case study, the research team 
defined the decision question as

Which inland transport systems would be cost-effective approaches to reducing port-related criteria 
pollutants, traffic congestion, greenhouse gas emissions, and capacity constraints within the current 
port planning horizon (2035)?

This question was intentionally quite specific. It had been established through multiple previous 
studies that advanced fixed-guideway proposals are not sufficiently advanced or complete to be 
implemented in the near future (roughly defined as the next 5 to10 years). When, if ever, will 
such technologies become cost-effective options? Attempting to lay out a timeline for system 
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development is unlikely to be fruitful or accurate. A more useful approach would be to define 
the circumstances under which such technologies would become cost-effective options. With 
that information in hand, the ports and regional planning agencies can decide when and if to 
investigate such technologies further. The question also requires a match between systems and 
circumstances. There may be circumstances under which no system can succeed and systems 
that cannot succeed under any realistic circumstances.

The question is also specific about what advanced transport technologies are expected to 
do: reduce criteria pollutants, reduce traffic congestion, reduce GHG emissions, and increase 
transport capacity. To be of value to ports and the public sector with limited resources, the 
systems should be a cost-effective means of achieving those ends compared to a well-defined 
baseline.

This decision question does not require the chosen system to be an exclusive approach to 
these goals. A significant part of defining the circumstances under which such systems can be 
cost-effective will be defining the container movements for which they are most advantageous. 
The sheer volume and complexity of marine container flows at LA/LB virtually guarantees that 
no single approach will suffice.

The question being asked in this case study, then, is not whether or not a specific technology 
should be implemented in Southern California, but which generic options would make sense 
in the future. If there are no circumstances in which these technologies would be cost-effective 
compared to the baseline, then they have no future role. If there are circumstances where they 
would be advantageously deployed, that finding will be of value to all concerned.

Defining Goals

Goal definition is a critical first step in both designing and evaluating a container transport 
system. The complexity of the Southern California port context makes the goal discussion 
multi-dimensional. Over the past decade, the two ports have struggled to accommodate growing 
trade while responding to escalating community concerns over emissions and traffic congestion. 
The 2008–2010 recession reduced trade through Los Angeles and Long Beach and temporarily 
eased criticism from the community, but the two ports remain under pressure to reduce emissions 
and traffic impacts.

The major response to community concerns has been the development and implementation 
of the joint LA/LB CAAP. This plan provided for the progressive retirement of older drayage 
tractors and replacement with tractors meeting 2007 engine emissions standards. Implementation 
of this plan, together with recession-induced cargo reductions and other measures, reduced truck-
related port emissions by roughly 90% between 2005 and 2010 (1Q12 CAAP Implementation 
Report). Besides reducing emissions in surrounding communities, these improvements have 
reduced the marginal environmental benefits of other technologies, notably electric power. In 
parallel with implementation of the CAAP, however, the perceived need to both reduce emissions 
and reduce congestion on existing roadways stimulated interest in electrically powered systems 
that would run on fixed, exclusive guideways.

Social Goals

The major social goals for an alternative technology system are emissions reduction, conges-
tion relief, and community impact reduction (including issues such as noise and land use). 
Outwardly, it would appear that those goals are best served by a system with no local (“tailpipe”) 
emissions that diverted truck drayage trips from shared roads and freeways onto an exclusive 
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right-of-way outside sensitive communities (especially residential areas, schools, and so forth). 
The ZECMS proposals were direct responses to those goals.

Transportation Goals

The transportation goals include efficiency, capacity, stability, flexibility, and compat-
ibility with existing and planned operations and infrastructure. Outwardly, those goals 
would best be met by low-cost, high-capacity solutions based on available technology and 
infrastructure.

The social and transportation goal sets have some points in common:

•	 The solution must be environmentally acceptable, at least meeting current regulatory 
standards.

•	 Operating efficiency ordinarily also minimizes energy consumption, pollutant emissions, and 
greenhouse gas emissions.

•	 Higher capacity increases the system’s ability to divert trucks from roads and freeways.

Economic Goals

Where these goals may diverge is in system cost. The analyses conducted by and for the 
ports indicate that a ZECMS on exclusive fixed-guideway will be costly to build and costly to 
operate even under favorable assumptions. It appears highly unlikely that such a system could 
recover its capital and operating costs in competition with conventional truck drayage. There 
is a major potential divergence between goals that can only be achieved through large-scale 
subsidies and goals that can be achieved either without subsidy or with a more modest initial 
investment.

The problem definition is the “flip side” of the project goal, but alignment between problem 
and goal cannot be taken for granted. In the LA/LB case, the overall problem is larger than the 
proposed project scope or goals, and the difference is instructive.

Ports in Southern California and elsewhere are increasingly being held accountable for 
and judged by the TBL. This trend is linked to the effective assumption by port authorities for 
port-related community and environmental impacts beyond port boundaries, as discussed above. 
The “triple bottom line” has been variously defined. For this analysis, the TBL is interpreted 
as encompassing social/community and environmental issues as well as traditional economic 
or financial measures. The TBL concept is closely related to the “social license” concept used 
in Canada. From this perspective, a port is granted an implicit license to operate, so long as its 
operations remain reasonably congruent with overall social goals. To the extent that such social 
goals are reflected in the economic, environmental, and social/community elements of the TBL, 
the concepts are equivalent.

Social/Community Issues

The Ports of Los Angeles and Long Beach face social and community issues, as well as technical 
challenges. The social challenges include establishing and maintaining a cooperative working 
relationship with regulatory agencies, communities, and interest groups. This relationship is 
sustained by demonstrations of port responsiveness as well as by actual emissions and conges-
tion reduction progress. In this connection, it is particularly important for the Ports to be seen 
as making a good-faith effort to find and implement solutions. Much of the attention paid 
to advanced technologies can be attributed to this need to sustain community relationships. 
Advanced container transport technologies were proposed to address community concerns with 
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emissions and congestion, and the ports would be seen as unresponsive and unconcerned if they 
did not follow up on these technology proposals. The 2009 request for solutions can be seen as a 
direct expression of this concern by the Ports. The 2012 Roadmap carefully documents the Ports’ 
reasons for not pursuing the fixed-guideway technologies.

Environmental Issues

The environmental issues relevant to this case study include

Emissions from Truck Drayage.  The key criteria pollutants of concern are HC, NOx, 
CO, and PM2.5. Significant clusters of asthma, lung cancer, and other environmentally related 
health threats have been identified in communities adjacent to I-710, with emissions from  
diesel trucks popularly considered the main culprits. Some community stakeholders have 
referred to the affected area as the “diesel death zone.” The interest in zero-emissions technolo-
gies is directly attributable to the public and regulatory concern over criteria pollutants from 
diesel drayage trucks.

GHGs.  GHGs are a significant environmental concern in this case. GHG emissions are 
generated by burning fossil fuel, releasing carbon dioxide, and adding to the carbon footprint of  
the supply chain. Conversion to natural gas fuel would reduce, but not eliminate, GHG emissions. 
Zero-emissions systems that eliminate local tailpipe emissions also eliminate local GHG emissions. 
Although electric power still has a carbon footprint, it is not a local concern.

Noise.  The proximity of communities to the I-710 makes noise from truck drayage part of 
the problem.

Congestion.  I-710 is regularly congested, with port drayage trucks being conspicuous con-
tributors to that congestion. Congestion can extend to surface streets and arterials in the general 
area of the ports and is a major factor in the broader category of environmental concerns. Safety 
is a corollary concern. To alleviate congestion, a solution must divert the trucks themselves from 
existing routes.

Economic Issues

The third aspect of the greater problem facing the ports and the region is economic. California 
in general and Southern California in specific have been in fiscal crisis for several years, with 
tax revenue falling far short of escalating infrastructure needs. The 2012–2035 SCAG Regional 
Transportation Plan anticipates expenditures of $524.7 billion in FY 2011–2035. The financing 
plan anticipates covering $305.2 billion from core (i.e., existing) local, state, and federal sources. 
The $219.5 billion shortfall is to be made up from “new revenue sources and innovative funding 
strategies” such as mileage fees, a federal freight fee, and e-commerce taxes, that may or may not 
materialize. These observations suggest that the region cannot reliably finance the transportation 
infrastructure it views as vital, leaving little likelihood that it could finance a multi-billion dollar 
container transport infrastructure project.

The Southern California ports are reluctant to support initiatives that would raise the cost 
of shipping through the LA/LB gateway. Competition between West Coast container ports is 
intense. Both the Southern California ports and their competitors are very sensitive to any cost 
difference that can be turned to competitive advantage. The level of competition is being raised 
by the construction of the new, larger Panama Canal locks. The Southern California ports are 
seeing widespread predictions of substantial cargo diversions because of predicted Panama 
Canal cost advantages. From an investment perspective, the two ports have limited capital and 
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limited bonding capacity. They would prefer to devote the available capital and borrowing capa-
bility to marine terminal infrastructure. As reflected in the 2009 request for solutions, the ports 
are interested in proposals that do not involve port investment or subsidy.

Critically, there is no precedent for ongoing public-sector subsidy of freight operations, 
particularly in California. There have been instances where California Environmental Quality Act 
(CEQA) funds or other sources have been used to purchase freight transportation equipment or 
for demonstration projects, but not to subsidize ongoing operations. The Ports of Los Angeles 
and Long Beach are not subsidized themselves, but are expected to generate net revenue for 
their cities.

These considerations lead directly to the Ports’ preference for a private-sector DBFOM 
(design, build, finance, operate, and maintain) approach to a ZECMS. Neither the ports nor the 
regional agencies are ever likely to have the capital or subsidies to do otherwise.

Technical Challenges

Reducing port-related criteria pollutants, GHGs, and traffic congestion while adding capacity 
is not a simple undertaking, and entails multiple technical challenges.

Criteria pollutants (SOx, NOx, HC, and PM2.5) can be reduced through the use of cleaner 
engines, through electrification, through operational efficiencies, or through some combination of 
strategies. With 2007-compliant or 2010-compliant diesel engines as a baseline, there is relatively 
little scope for improvement within diesel technology. In this context, cleaner engines would 
need to be alternative fuel engines (LNG or hydrogen), hybrids (which achieve lower emissions 
through increased efficiency), or both. Electrification is usually seen as a “zero-emission” option 
for local purposes. The emissions from electric power, if any, are typically at the point of genera-
tion, rather than the point of use. From the perspective of the decisionmakers and the affected 
communities, however, only the local emissions are at issue. Operational improvements that 
reduce the idling, creeping, and VMT necessary to move international containers can have 
substantial benefits, but by themselves are unlikely to attract much local support. In a practical 
sense, a new system must use alternative fuels, hybridization, or electric power to reduce criteria 
pollutants.

GHGs are a similar story, as they are a function of the type and quantity of fuel used. Moving 
from diesel to alternative fuels to electricity reduces GHGs. GHG emissions associated with 
electric power are, again, determined by how the power is generated. Operational efficiency 
helps, but here too would be unlikely to make a sufficient difference to generate support for an 
operational rather than a technological solution.

Increased capacity and reduced traffic congestion go hand-in-hand. With congestion on I-710 
as the focal point, there are basically three ways to increase net capacity embodied in the system 
scenarios:

•	 Increasing capacity on I-710 by adding lanes, adding truck-only lanes, and so forth (embodied 
in free-running truck drayage scenarios).

•	 Shifting truck traffic from I-710 to existing rail lines with excess capacity (embodied in railroad 
scenarios).

•	 Shifting truck traffic from I-710 to a new truck or rail right-of-way (embodied in advanced-
technology and electric truck scenarios).

These three approaches assume that new rights-of-way, expanded right-of-way, or excess rail 
capacity is available. Threading new right-of-way through legacy infrastructure and land use is 
an economic, technical, and social/political challenge within the overall project scope. Studies 
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to date have identified conceptual rights-of-way, but have not undertaken the detailed analysis 
that would be required.

Evaluation Criteria

At their highest level, the selection criteria for a new container transport system reflect the 
port and regional goals:

•	 Reduce criteria pollutant and GHG emissions compared to the baseline option.
•	 Reduce drayage truck traffic on public roads and highways.
•	 Add container transport capacity to accommodate cargo growth.
•	 Remain economically feasible.

However, these high-level goals are actually composites of more basic goals that translate better 
into selection criteria. Moreover, these goals are interdependent in ways that must be recognized 
and reflected in both selection criteria and weighting.

As expressed in the 2009 RFCS, the ports are interested in a DBFOM solution to inland 
transport. In addition to the criteria above, the ports are also looking for a near-term solu-
tion, implying a need for a high TRL. Although the ports have offered some limited fund-
ing for promising demonstrations of new technologies, they could not or would not finance 
extensive technology development. The ports also have limits on the land available for marine 
terminal development. Solutions that impinge on that land supply by requiring new port-area 
terminals or substantial transfer facilities within marine terminal boundaries would reduce 
long-term port cargo capacity.

Reducing Criteria Pollutants

To reduce net criteria pollutants, a new system has to have lower criteria pollutant emissions 
per unit (e.g., container or container-mile) and attract a significant volume of container business 
away from the baseline alternative of free-running clean trucks. Most of the candidate systems are 
electrically powered, which eliminates local criteria pollutant emissions. Given that all would 
be powered from the same electrical grid (Southern California Edison), any criteria pollutants  
resulting from electric power generation would be the same for all candidates. The drastic 
reductions in criteria pollutants implicit in diesel fleet replacement with 2010-compliant units, 
however, leave relatively little to be achieved by conversion to electric power on a unit-for-unit 
basis. This finding in turn implies that a large-scale diversion would be needed to achieve any 
significant net regional reduction. The potential for criteria pollutant reduction is, therefore, 
more an issue of diversion potential than of technology.

GHG Emissions

GHG emissions translate to carbon footprint when the analysis encompasses the power 
generation as well as the power consumption. The GHG advantages of advanced fixed-guideway 
systems are based on the presumed smaller carbon footprint of electric power generation. Electric 
trucks and electric railroad systems have the same advantage. Here again, all the electrically 
powered options would have the same GHG emissions and carbon footprint for each unit of 
electricity consumed. From this perspective, fixed-guideway technologies may have a slight edge, 
because their lower line-haul friction should enable them to use less electric power for each 
diverted truck trip than electric truck options, and therefore maintain a smaller carbon foot-
print. These differences are likely to be small, however, and offset by the additional lift-on/lift-off 
operations required by fixed-guideway systems. Beyond these fine distinctions, the potential for 
GHG carbon footprint reductions will depend more on the number of trucks diverted than on 
the line-haul technology chosen.
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Congestion Relief

The ability of an alternative container transport option to reduce port drayage truck traffic on 
public streets and highways is a direct function of the system’s ability to divert those movements 
to a new right-of-way. There may be a large difference in the net VMT diversion depending on 
network configuration. A new system that required truck drayage between marine terminals 
and a central departure point would have a smaller net VMT diversion than a system connecting 
marine terminals directly to inland points. In the absence of a legal imperative, the ability 
of a new system to attract container trips from the baseline drayage alternative will depend on 
the competitiveness of the cost/service/reliability combination it can offer to customers and its 
throughput capacity.

Capacity

System capacity would seem to be a straightforward metric. The complex nature of the facili-
ties, routes, and movements involved, however, adds corresponding complexity to the metric. 
The baseline scenario of free-running diesel truck drayage does not include new capacity, but 
new highway capacity is being planned (the I-710 expansion).

Because neither the ports nor the inland destinations are single points, the location and flex-
ibility of any added capacity are issues.

The two ports have 12 marine terminals in current operation and one under development, 
served by eight on-dock rail facilities with a ninth under development. The configuration of 
these terminals has changed over time and will continue to change, making flexibility and adapt-
ability desirable system attributes. A given unit of new capacity is more valuable if the ports can 
be sure it will be in the right place when needed.

There are fewer inland rail terminals than marine terminals, but there are still uncertain-
ties. As the discussion of the baseline drayage system notes, the ports are supporting develop-
ment of the near-dock BNSF SCIG, expansion of the near-dock UP ICTF, and development 
of additional on-dock rail capabilities. These developments would sharply reduce the need 
to move international containers between the off-dock Hobart and East Los Angeles rail 
yards and the marine terminals and likewise reduce the value of any corresponding container 
transport infrastructure capacity.

Timing and scalability of capacity additions are also sub-criteria. Other things being equal, 
incremental capacity additions that allow the ports to keep pace with cargo growth and main-
tain high utilization would encourage efficiency. Systems that require large, step-wise capac-
ity additions tend to alternate low and high utilization over time. The timing issue was most 
dramatically illustrated by the container trade declines during the 2008–2010 recession. In that 
period, utilization of formerly crowded marine terminals plummeted, recently built capacity was 
wasted, and pending projects were put on hold.

Flexibility and Scalability

Flexibility and scalability are issues for any port complex, but are especially vital in Southern 
California with the complexity and growth potential of its ports. The location of existing Southern 
California inland rail terminals is fixed for the near future. The potential development of SCIG 
and expansion of the ICTF would dramatically change the volume and pattern of inland container 
movements, however.

There is also value in flexibility on the marine terminal end of the trip. Over the past decade, new 
Southern California terminals have been completed and more are under construction or in plan-
ning. In most cases, these terminals have new on-dock rail terminals and would need new terminals 
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for fixed-guideway systems. System configuration changes are inherently difficult and costly for 
fixed-guideway systems of all types. Changes are complicated by elevated fixed guideways.

The scalability issue is more related to system capacity functions. Conventional truck drayage 
system capacity is easily varied to accommodate day-to-day volume fluctuations, shifts of volume 
between terminals, and long-term growth (or, in 2008–2009, short-term decline). Drayage tractors 
are used in other business segments during periods of low demand and can (within limits) take 
other routes when freeways are congested. It is far more difficult to adjust the capacity of fixed-
guideway systems.

The use of alternative fuels and electric power would reduce the flexibility and scalability 
of truck drayage systems somewhat. At present, the lack of an extensive fueling network constrains 
the operating range of alternative fuel tractors. Such tractors can still, however, be used in other 
local and regional trips:

•	 Battery-electric tractors would be useful only for local trips when not in port drayage service.
•	 Tractors using wayside electric power for the “line haul” and battery power off the powered 

guideways would have a restricted range in other uses.

Economic Feasibility

Ideally, any new container transport systems would be self-financing in development and self-
supporting once built. In practice, however, the distinction between development and operating 
costs and who pays those costs can be blurred. Although the ports have maintained that they 
are not expecting to contribute significant capital or support operations, the possibility of some 
port contribution in the development stage should not be ruled out. Regional, state, and federal 
support for capital may also be feasible.

Both the ports and other public sources contributed to the capital cost of the Alameda Cor-
ridor. In recent years, California voters approved a multi-billion dollar series of “infrastructure 
bonds.” This financing was used for multiple freight-related projects. Economic feasibility, 
therefore, might better be phrased as “supportable” rather than strictly “self-supporting.”

From the ports’ point of view, economic sustainability without Port contributions is a minimum 
performance criterion (and that criterion was indeed part of the 2012 request for solutions). 
The ports have, on the other hand, paid for comparable infrastructure, such as on-dock rail 
intermodal terminals, so there is a precedent for financial participation. The ports also previously 
helped finance the Alameda Corridor, with seed money to get the project started in 1981–1989 
and $394 million for right-of-way purchase in 1994. The ports have not, however, subsidized 
ongoing transport operations.

From the port and regional planning perspective, it is critical to know how much of the prob-
lem a given solution can address. A system that can cost-effectively address 10% of the problem 
may be less desirable than a less cost-effective system that can address 50% of the problem. 
In principle, this issue concerns the marginal cost-effectiveness of the proposed solution. The 
ports and the regional planning and air quality agencies must address the whole problem and 
all the flows. Although a single, global solution is probably unattainable, a costly solution that 
only addresses a small part of the problem is unlikely to attract the broad support needed for 
approval, funding, and implementation.

Implicit User Choice Criteria

In the absence of legal authority to require use of new transport options, the effectiveness of 
new options in achieving port and social goals depends on the willingness of users to divert their 
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business from the baseline clean truck drayage option. There are multiple levels of customer 
choice involved, with implications for port and regional system evaluation criteria.

If customers are committed to moving containers between points served by the proposed 
systems, their choice is between using the system and some alternative, usually the baseline truck 
drayage system. This choice would presumably be made on the common transportation criteria 
of capacity, transit time, reliability, cost, security, service frequency, and environmental impact. 
These are the same criteria being used in this evaluation on behalf of ports and regional planning 
agencies, with the comparison being made between the baseline and the proposed new systems.

The basis of comparison can change when the array of user choices is expanded. The primary 
market segment being targeted by new system proposals consists of containers moving between 
marine terminals and off-dock or near-dock rail intermodal terminals. On-dock rail transfer 
is an alternative to drayage between marine terminals and near-dock/off-dock rail terminals, 
as recognized in the I-710 alternatives evaluation. Ordinarily, the most concentrated origin-
destination flows of intermodal containers move via on-dock transfer. For example, inbound 
containers from a large vessel bound for Chicago under a contract between ocean carrier and 
railroad will be loaded onto rail cars at an on-dock terminal and depart as a solid train to Chicago via 
the Alameda Corridor. A call by a large vessel may result in multiple trains at on-dock transfers. 
Some may move intact to single inland destinations while others may be “blocked” for later sorting 
at designated “block swap” points inland. None of these containers need to use the transport 
systems being evaluated in this project. The containers being drayed to and from the off-dock 
and near-dock terminals and thus targeted by new options are likely to include

•	 Import and export containers moving under ocean carrier control that are excess to on-dock 
train capacity, too late for on-dock service, or headed to/from inland points with too little 
volume for direct or “block swap” service.

•	 Import and export containers traveling under importer, exporter, or third-party control for 
which the railroads do not provide on-dock service.

•	 Import and export containers tendered by ocean carriers that do not have on-dock service.

Ocean carriers and their customers ordinarily prefer on-dock service for its simplicity, lower 
cost, and reliability. On-dock service is not invariably faster or less expensive, as the on-dock 
transfer fees charged by marine container terminal operators are substantial. It is also sometimes 
possible for customers with urgent needs to have a container drayed off-dock for an earlier train 
departure. Regardless of the exceptions, on-dock transfer can be regarded as the first choice for 
most rail intermodal movements.

On-dock rail is also a strong preference of community groups, interest groups, and regional 
planners. The environmental advantages of on-dock rail are generally accepted (although the 
actual advantages depend on many circumstances), and on-dock rail eliminates truck traffic on 
roads and freeways.

These observations raise the possibility of customers increasing their use of on-dock rail as 
an alternative to a new system serving off-dock and near-dock terminals. The availability of 
this option is constrained by on-dock capacity, capacity of the port-rail network, and on-dock 
economics and logistics.

A second level of alternative is for customers to divert their inland rail movements to other 
ports. Customers have diverted inland rail movements to take advantage of new opportunities 
at other ports or to avoid cost, congestion, or delay at LA/LB. Cost elasticity analyses on behalf 
of SCAG have estimated the cost threshold for diversion:

In particular, in the case of no reduction in flow times, a fee of $60 per FEU (forty-foot equivalent unit) 
was predicted to cause a 6% reduction in total import volumes handled through the San Pedro Bay ports. 
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On the other hand, if major improvements in infrastructure were made that enabled significant reductions 
in container flow times, the analysis showed that there would be no drop in total import volumes if fees 
of up to $200 per FEU were applied subsequent to the availability of the new infrastructure, although the 
mix of importers using the ports would evolve considerably. (SCAG Elasticity Report, Phase II.)

The possibility of diversion to other ports increases the Ports’ sensitivity to the cost of new 
transport systems. If those systems are expensive to use, carriers and their customers can bypass 
both the new systems and the ports themselves. This action could adversely affect the near-dock 
and off-dock trips, leaving the on-dock volumes unaffected. It is also possible that carriers would 
divert some of the on-dock rail volume to avoid splitting services between ports.

A critical question related to the minimum performance requirements is the amount of 
additional capacity required. To generate local political support and to be judged a success by the 
decisionmakers, a new system would need to have some noticeable impact on I-710 congestion. 
The most limited practical scope for an advanced container transport system at LA/LB is given 
in the 2009 ZECMS RFCS: moving containers between marine terminals and near-dock rail ter-
minals (the ICTF and the SCIG site). As Table 6-3 indicates, about 3.1 million annual container 
trips are involved, requiring a capacity of 794 containers per hour (both directions combined). 
Accordingly, for this case study, a minimum performance requirement is an hourly through-
put of 800 containers. The equivalent minimum performance requirement for a truck-based 
system would be 800 containers per hour on a four-lane road or equivalent right-of-way.

Feasibility

The right-of-way study prepared for the ZECMS RFCS (Attachment 4, Preliminary Align-
ment Analysis) located two potential alignments between Port of Long Beach Pier A and the 
ICTF. The I-710 Alternatives Analysis provides a range of potential track configurations, head-
ways, and cars per consist with equivalent nominal hourly capacities. The report also notes the 
inherent reliability disadvantages of a two-track system (one track in each direction) versus a 
four-track system. A four-track system requires a right-of-way roughly 60-feet wide, apparently 
feasible on the alignments identified.

Although most environmental criteria in previous studies call for emissions reductions, 
pragmatically a successful solution will need to achieve zero tailpipe emissions. SCAG planning 
documents focus on achieving zero emissions in as many transportation sectors as possible. 
SCAQMD analyses and inventories likewise indicate that the region can only approach its air 
quality goals if, again, major transport sectors move toward zero emissions. Moreover, zero 
emission has been established as a concept and expectation in the region with specific application 
to port movements.

Weighting

For this case study, the research team did not attempt to weight the criteria. The key purpose 
of weighting is to facilitate tradeoffs—as the case study proceeded, it became apparent that 
there were no significant tradeoffs to be considered. In effect, the analysis proceeded with equal 
weighting on the three overriding requirements: zero tailpipe emissions, GHG reductions, and 
congestion relief.

Defining the Baseline

The relevant baseline definition for 2035 includes both the context in which future systems will 
operate and the default system that will operate unless replaced by some alternative. There have been 
major changes in the Southern California context since consideration of alternative transport 
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systems began. The net effect has been to reduce the potential benefit of alternative systems over 
a dramatically improved baseline and outlook.

Truck Drayage

Emissions from diesel trucks engaged in port drayage was one of the two major motivations 
for considering alternative technologies (the other being congestion). The Clean Truck Plan, 
adopted by the ports in 2006, was the subject of controversy and legal challenges. Although 
some provisions were eventually voided, the essential emissions restrictions remained in place. 
Combined with the cargo declines attributable to the 2008–2010 recession, these restrictions 
enabled the ports to reduce emissions from truck drayage over 80% by 2012. Even stricter 
California Air Resources Board (CARB) restrictions took effect on January 1, 2014, requiring all 
trucks engaged in port and intermodal drayage to have engines meeting 2007 standards. Although 
truck emissions have not disappeared, they have been reduced to where air quality concerns are 
more focused on vessel operations.

The movement of containers between port terminals and off-dock rail intermodal terminals 
(BNSF Hobart and UP Los Angeles) 20 miles away has been the focal point of many alternative 
technology proposals. This flow may be the best target for alternative technologies because of its 
rise and concentration (at least at the inland end). BNSF, however, is endeavoring to drastically 
reduce this flow by building the SCIG, a near-dock terminal roughly 4 miles from the port terminals. 
SCIG would replace Hobart as the primary BNSF transfer point for international containers. 
In parallel, UP is endeavoring to expand its existing ICTF near-dock terminal to reduce the 
international container flows to City of Commerce. Together, these two developments would 
reduce the port-rail intermodal drayage to more distant off-dock terminals.

The status of the I-710 Corridor Project is a critical question in defining a baseline for 2035. 
The I-710 Freeway Major Corridor Study was completed in 2005. The project sponsor (Metro, 
the Los Angeles County Metropolitan Transportation Authority) along with partner agencies 
is engaged in completing the EIR/EIS. A draft EIR/EIS was issued in June 2012 and is in the 
comment and revision process. There is no guarantee that the EIR/EIS will be approved—
there are still significant technical, environmental, and community concerns. Funding must 
also be secured for a $5–6 billion construction cost. Given the regional priorities placed on the 
project, however, the research team assumed that it would be completed by the 2035 planning 
horizon.

One critical point is that free-running drayage using the legacy mix of pre-2007 diesel tractors 
is not an option. Many of the fixed-guideway high-technology systems were proposed before 
the CAAP required replacement with 2007-compliant tractors. The replacement was complete 
by the end of 2013. The particulate and criteria pollutant characteristics of the legacy fleet are, 
therefore, no longer relevant to the evaluation. As of early 2014, free-running drayage with 
2007-compliant tractors is the status quo for the Southern California ports.

CARB’s Truck and Bus Regulation requires that all port drayage trucks will meet 2010 US EPA 
engine standards by 2023, which is within the time horizon for this study. These standards limit 
emissions to (in grams per brake horsepower-hour) 0.20 for NOx, 0.14 for NMHC, and 0.01 
for PM. Compared to the 2004 standards, these regulations will reduce PM by 90% and NOx + 
NMHC by 86%.

Version 2.0 of EPA’s Smart Way DrayFLEET model was used to estimate baseline drayage 
costs, as shown in Table 6-1.

Regression analysis from a confidential sample of actual 2013 Southern California drayage 
rates was used to generate comparable rate estimates in Table 6-2.
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These rate estimates establish rough competitive boundaries for the rates that alternative 
transport systems could charge.

Terminals

There is an important distinction to be made regarding the 2035 status quo at the marine ter-
minals. Until recently, LA/LB marine terminals have relied on “wheeled” operations (contain-
ers parked on chassis) to minimize container handling and operating cost. Wheeled operations 
do not require a transfer for truck service; drivers simply pick up or drop the container on the 
chassis. In recent years, most ocean carriers have stopped providing chassis, which is leading 
Southern California terminals to shift from wheeled to “grounded” or “stacked” operations. 
In grounded or stacked operations, the container needs to be mechanically transferred to and 
from a trucker-supplied chassis. Grounded or stacked operations also achieve higher container 
storage densities and are more easily automated. For all these reasons, the evaluation assumes 
grounded or stacked marine terminal operations by 2035.

Integration of a fixed-guideway transfer point into a marine terminal is comparable to integrat-
ing a conventional on-dock rail terminal. Current practice at most marine terminals with on-dock 
rail facilities is to use yard chassis for internal drayage between shipside cranes or container stacks  
on the one hand and the rail transfer point on the other. No North American marine termi-
nals transfer containers directly between rail and vessel without intermediate handling. The most 
advanced marine terminal designs provide for truck drayage access to the storage stacks, but add an 
additional handling step between storage stacks and rail cars. Substituting an advanced-technology 
fixed-guideway system for the rail terminal would not obviate the need for the additional 
transfer, which will cost $50–100 per container trip.

Candidate Technologies

The method developed for this study is intended to be flexible in its application, so the research 
team has identified multiple case study scenarios. The complexity of Southern California con-
tainer port operations is paralleled by the complexity of the transport options. Conceptually, 
the options include

•	 Conventional truck tractor drayage using 2010-compliant diesel engines (baseline), with 
expanded I-710 capacity.

•	 Conventional truck tractor drayage using LPG engines or hydrogen-hybrid tractors, with 
expanded I-710 capacity.

Miles MPH
Travel 
Time

MT 
Time

RT 
Time

One-Way 
Cost

Near-Dock 5 20 15 65 20 70.52$       
Off-Dock 20 30 40 65 20 93.20$       
Intra-Terminal 2 20 6 65 20 64.33$       

Table 6-1.  Baseline drayage cost estimates from port terminals.

Miles Constant Mileage 
One-Way 

Rate
Near-Dock 74.25$    6.59$      80.84$    

Off-Dock 74.25$    26.37$    100.62$   
Intra-Terminal

5

20
2 74.25$    2.64$      76.89$    

Table 6-2.  Estimated rates from regression analysis.
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•	 Electrically powered truck tractor drayage using wayside power and battery power in combi-
nation, with expanded I-710 capacity.

•	 Conventional rail intermodal service using Tier IV diesel locomotives or LPG locomotives.
•	 Electric rail intermodal service (zero tailpipe emissions) using conventional technology or 

in-track LSM motive power.
•	 Advanced fixed-guideway container transport systems (e.g., LIM, LSM, or Maglev propulsion).

The three truck drayage scenarios, including the baseline, include the proposed capacity 
addition to I-710. Additional capacity is a critical criterion for both diverting truck drayage traffic 
from the existing I-710 lanes and to accommodate expected port trade growth. The two railroad 
options do not anticipate new capacity; both would operate over existing lines. The advanced 
fixed-guideway option requires new guideway and, therefore, new capacity.

Truck Drayage Scenarios

There are three truck drayage scenarios to be evaluated:

•	 Free-running truck drayage using 2010-compliant trucks.
•	 Free-running truck drayage using “green” alternative fuel or hybrid trucks.
•	 Mixed free-running/guideway trucks using wayside electric power and batteries.

The free-running truck drayage scenarios do not require a “system” beyond adequate capacity 
on the surface road and freeway network. They will, however, require selective expansion of that 
capacity, focusing on I-710, to maintain throughput capability, reduce vehicular congestion, 
improve safety, and reduce criteria pollutants and GHGs from idling and inefficient operation. 
The I-710 improvement project is intended to provide the required capacity and other benefits, 
so this analysis draws on the results of that project.

As with the fixed-guideway alternatives, the drayage scenarios are more or less applicable to 
the different container flows identified above:

•	 Free-running drayage using 2010-compliant diesel tractors is the baseline for all the flows 
shown.

•	 Free-running drayage using alternative fuel or hybrid tractors can likewise be used for all the 
flows shown. The restriction, if any, would be on hydrogen-fueled tractors with limited range 
and refueling opportunities, but those tractors will still have the capability for round trips to 
the Inland Empire.

•	 Electric or hybrid truck drayage using a combination of battery power and wayside electric 
power could apply to all the flows shown.

For free-running truck tractor drayage using diesel, LNG, or hydrogen for power, the de facto 
“system configuration” is the public highway system. Although this legacy system is in place, it is 
neither free nor adequate for the long run. Indeed, the growing congestion of port-area freeways 
and arterials has been a major motivation for investigating fixed-guideway systems that would 
add capacity and relieve congestion. The I-710 expansion project is demonstrating the inherent 
difficulty of increasing highway capacity in the area. It is clear that any highway capacity additions 
will be time-consuming and costly.

For an apples-to-apples comparison, therefore, the research team needed to include the cost of 
incremental highway capacity in free-running truck tractor drayage alternatives. If that capacity is 
delivered as either ordinary public highway capacity or un-tolled truck lanes, the incremental cost 
of the capacity will not be passed on to the customer. The drayage trucks that use that incremental 
capacity will pay the same highway, fuel, and registrations fees as other trucks, and the cost of the 
incremental capacity will be spread over all taxpayers and highway users. If incremental highway 
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capacity is delivered in the form of truck-only lanes or routes with tolls, some or all of the incremen-
tal infrastructure cost may be passed on and reflected in prices paid by customers.

Electric Railroad Scenarios

There are two scenarios for use of electric propulsion on existing railroad rights-of-way:

•	 Conventional electric shuttle trains would use existing facilities equipped with overhead 
electric power (catenary).

•	 LSM electric railroad operations would derive propulsion from LSM elements added to existing 
railroad tracks (Figure 6-9). This technology is in operation in five transit systems,18 but has 
not been used in a freight application.

Linear synchronous motors (LSMs) are used in some passenger transit systems and have been pro-
posed as a retrofit propulsion system for conventional railroad tracks. The SCAG freight rail electri-
fication report included an investigation of LSM technology. Proponents have envisioned equipping 
locomotives or helper cars to propel container cars using in-track LSM. The LSM system itself would 
consist of electromagnets installed between the rails and reactive magnet arrays mounted under 
railroad equipment. The SCAG report noted some key issues with use of LSMs for freight.

•	 Proposed LSM designs would require the reactive arrays to be within 2 inches of the 
in-track magnets. Railroads maintain that a clearance of at least 4 inches is necessary  
to accommodate track tolerances, heavy loads, and grade changes. Current FRA regula-
tions require a clearance of at least 2.5 inches between cars or locomotives and rails. 
As Figure 6-10 shows, common railroad trackwork would prevent any equipment from 
extending below the rails.

In addition, railroad container cars commonly have 3 to 4 inches of spring travel to accommo-
date both loaded and empty operations. An air gap of less than 2 inches would leave the system 

Figure 6-9.  Proposed LIm-rail design.19

18 http://www.Maglev.ir/eng/documents/papers/conferences/maglev2002/topic7/IMT_CP_M2002_T7_S2_1.pdf
19 http://www.magnetictransportsystems.com/documents/MAGRAILANDLIMRAILlTECHNOLOGY_DEVELOPMENT_
REPORT_10-22-07cl_000.pdf
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vulnerable to disruption from relatively small debris (e.g., a baseball-sized rock). The ability of 
LSM systems to move heavy freight loads is uncertain and undemonstrated.

Accordingly, the SCAG report assigned LSM technology TRL range 5-6, the development/
demonstration range.

Advanced-Technology Fixed-Guideway Scenarios

There is no definitive scenario for a Southern California fixed-guideway advanced-technol-
ogy container transport system. While complicating the case study, this ambiguity can be used 
to verify the applicability of the evaluation method to complex cases. Table 6-3 shows seven 

Table 6-3.  Fixed-guideway scenarios.

Figure 6-10.  Common railroad trackwork.

Source: Daniel Smith, The Tioga Group
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fixed-guideway scenarios; three from the I-710 EIR/EIS alternatives evaluation and four con-
structed for this study. The table also shows estimates for the size of the corresponding 2035 
container volume and the required hourly throughput capacity.

•	 Port No Build. This “base case” scenario from the I-710 analysis assumes that the Ports do 
not add on-dock capacity, that BNSF’s SCIG is not built, and that UP’s ICTF is not expanded 
beyond the need to accommodate proportionate growth. This assumption leaves future rail 
intermodal volumes distributed between on-dock, near-dock, and off-dock rail intermodal 
terminals as of present. The I-710 report estimated the maximum annual system volume at 
3.1 million containers.

•	 Port Build without SCIG/ICTF Expansion. This scenario assumes that the Ports add on-
dock capacity to take a larger share of the rail intermodal volume, leaving a maximum of 
2.3 million annual containers split between existing near-dock (ICTF only) and off-dock 
facilities.

•	 Port Build with SCIG/ICTF Expansion. The third I-710 scenario assumes that added 
on-dock capacity reduces the volume of rail intermodal containers drayed and that con-
struction of SCIG and expansion of ICTF allow the entire volume to be handled at the 
near-dock facilities.

•	 Port No Build with SCIG/ICTF Expansion. This additional scenario assumes that SCIG is 
built and ICTF is expanded, but that the on-dock share does not increase. This scenario would 
put all 3.1 million containers through the two near-dock facilities.

•	 Port No Build Off-Dock System. This scenario assumes that the Ports do not add on-dock 
capacity and that the new fixed-guideway system is built to serve the off-dock rail terminals 
approximately 20 miles from the Ports.

•	 Port No Build Inland Empire System. This scenario assumes that the Ports do not add 
on-dock capacity and that the new fixed-guideway system is built to serve a satellite ter-
minal or “inland port” facility in the Inland Empire, approximately 60 to 70 miles from 
the Ports.

•	 Port No Build Complete System. This scenario assumes that the Ports do not add on-dock 
capacity and maximize both scope and volume by serving near-dock rail terminals, off-dock 
rail terminals, and an Inland Empire terminal.

As the table indicates, each scenario has a different physical scope and a different potential 
market volume. Within each potential market, the share captured by the system is also a variable, 
increasing the complexity of the method test.

The market and market share estimate is related to the earlier discussion of goals. If the goal 
is to maximize diversion of trucks from roads and freeways onto an exclusive right-of-way, then 
the maximum scope and market share would be an appropriate match. If cost-effectiveness 
criteria are added, then there will likely be a point at which the cost of diverting an incremen-
tal truck becomes prohibitive. If efficiency and cost-effectiveness are primary criteria, then the 
appropriate scope would be dictated by the comparative advantages of the proposed system in 
variables configurations.

Screening Candidates

The emphasis on emissions reduction and congestion relief allowed the research team to 
conduct initial screening with relatively little detailed data. In this case study, it was possible 
to screen potential candidates based on fundamental attributes. The research team required 
only enough information to determine whether, if operated as envisioned, proposed systems 
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had zero tailpipe emissions, reduced GHG, and added net capacity to (potentially) reduce 
congestion.

The minimum performance criteria developed above can be used for the initial screening 
in advance of detailed scenario-by-scenario analysis. The screening process should eliminate 
options that would not achieve zero-emissions, reduce congestion (by increasing capacity), and 
accommodate growth (also by increasing capacity).

Zero Tailpipe Emissions.  All of the transport options would likely reduce emissions of cri-
teria pollutants (SOx, NOx, CO, HC, and PM2.5) compared to the baseline diesel drayage system. 
The reduction is unambiguous for the electric and alternative fueled alternatives, although the 
improvement over 2010-compliant diesel trucks may be small. Conventional rail operations 
using Tier IV diesel locomotives and hybrid or alternative fuel switching locomotives may not 
have an emissions advantage for the very short movements to the rail intermodal terminals or 
even to the Inland Empire. Moreover, to promote acceptance from community stakeholders  
and planning-sector decisionmakers (e.g., SCAG and SCAQMD), the solution must achieve 
zero-emissions at the tailpipe. This stricter criterion screens out all options, except electric 
powered trucks, rail or advanced fixed-guideway systems, and hydrogen-hybrid trucks. Technically, 
fixed-guideway systems may also have truck drayage components which are assumed to use 
zero-emissions technology (e.g., battery power). All the options, with the possible exception of 
conventional rail shuttles using Tier IV diesel locomotives, would reduce emissions compared to 
baseline drayage using 2010-compliant trucks. Only electric and hydrogen-hybrid technologies, 
however, reach zero-emissions.

GHG Reduction.  Achieving substantial GHG reductions requires conversion to a lower 
carbon fuel or electric power (under the assumption that the electric power used has a smaller 
carbon footprint than the diesel alternative). Natural gas (LNG) can reduce GHG emissions by 
up to 20% versus diesel, and hydrogen and electric power have zero local GHG emissions. All 
of the non-diesel options would therefore materially reduce GHG emissions versus the baseline 
diesel truck scenario.

Congestion Relief.  To reduce congestion, a new system must increase net capacity and divert 
business from highways. To increase net container transport capacity significantly, a transport 
option must either increase the effective capacity of existing and planned infrastructure, or 
include new infrastructure capacity (e.g., additional right-of-way, lanes, or guideway as part of 
the option):

•	 Advanced fixed-guideway technologies would, by definition, add net capacity.
•	 Electric or alternative fuel trucks operating on new exclusive guideway or on new shared 

guideway would also provide additional capacity.

Conventional railroad shuttles using existing tracks do not provide new capacity, unless 
those tracks would otherwise remain underutilized. The 2008 Inland Port Feasibility Study 
found that the port-area rail operator, Pacific Harbor Line, considered the existing and planned 
port-area rail network inadequate to assemble shuttle trains (in that case for an Inland Empire 
terminal). The capacity criterion, therefore, screens out conventional rail shuttles on the exist-
ing network.

Assumptions regarding (1) additional port on-dock rail capacity and (2) expansion of the 
ICTF and development of SCIG are critical to the screening process. Development of more 
on-dock rail capacity would reduce the forecast 2035 volume for the rail terminals from 2.5 to 
1.8 million annual containers. Expansion of the ICTF and development of SCIG in conjunction 
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with additional on-dock capacity would both reduce the volume and the distance the system 
would cover. Shorter distances favor systems with fewer transfers.

Significant congestion relief also requires that the new transport option attract significant 
truck drayage traffic from existing highways. The cost, service, and reliability combination 
offered by the new option must be superior to the baseline free-running drayage option to 
attract traffic.

The need for increased capacity to both divert trucks from I-710 and accommodate trade growth 
eliminates the conventional rail options. Tier IV locomotives, electric locomotives, and in-track 
LSM reduce or eliminate emissions, but do not increase capacity over the existing network. The 
need to increase capacity also means that truck drayage options must include either additional 
capacity in the I-710 Corridor or on some effectively parallel right-of-way. The I-710 EIR/EIS 
effort developed cost estimates for both conventional and electrified truck lanes in the I-710 
Corridor that can be used in this study.

The options that passed the initial screening step include

•	 Battery-electric trucks on new electrified lanes in or parallel to the I-710 Corridor and free-
running elsewhere (to the limit of their battery capacity).

•	 Advanced-technology propulsion over an exclusive fixed-guideway in or parallel to the I-710 
Corridor with scenarios as defined in Table 6-3.

These are the same alternative technologies analyzed in the I-710 EIR/EIS process.

Analyzing Candidates

Technical, performance, and cost data on advanced-technology proposals are scarce at best. 
To develop usable or representative evaluation data for the LA/LB case study, the research team 
assembled data from multiple sources:

•	 Whenever possible, specific values for key variables were obtained from technology proposals, 
presentations, and websites.

•	 Where proposal-specific data were not available—which was most cases—generic or repre-
sentative values from one technology (e.g., LIM Maglev) were applied to similar technologies 
(e.g., other LIM or LSM Maglev proposals).

•	 The research team also conducted a broad search for applicable or representative technical, 
performance, and cost data from transit systems, rail systems, academic research, and so 
forth.

These data were compiled in an Excel workbook which then formed the basis for the estimates 
and comparisons in the analysis that follows.

Fixed Rail Advanced-Technology

To evaluate the potential performance of a representative advanced-technology fixed-guideway 
system in Southern California, the research team had to develop

•	 A conceptual network of lines and terminals.
•	 A conceptual terminal design, with capacity, capital cost, and operating cost estimates.
•	 Throughput capacity and cost estimates.

A representative fixed-rail advanced-technology system linking the LA/LB container terminals 
with the major existing and proposed rail intermodal terminals is shown in Figure 6-11.
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On the port end, 9 rail intermodal terminals serve 13 active marine container terminals 
(Figure 6-11). The case study assumes that an advanced-technology fixed-rail system would 
serve the same nine locations to access the marine terminals. These facilities are dispersed over 
the port areas, as are the terminals they serve.

The dispersion of the port intermodal rail terminals implies the need for a series of 
branches, as shown in Figure 6-11. Division of the terminal area by navigable waterways 
creates formidable barriers to a loop network. As indicated in Figure 6-11, the route would 
have to cross a navigable waterway, requiring either a drawbridge or a high-level bridge. The 
fixed-rail system would also have to be “threaded” through one or more complex highway 
interchanges.

Inland, the major concentrated origin/destination points are the four major rail terminals:

•	 The UP Intermodal Container Transfer Facility (ICTF), roughly 4 miles from the ports.
•	 The proposed BNSF Southern California International Gateway (SCIG), to be located south 

of the ICTF.
•	 The BNSF Hobart yard, located roughly 20 miles inland.
•	 The UP Los Angeles yard, located just north of Hobart.

The adjacency of the ICTF and the SCIG site, and of the BNSF Hobart and UP Los Angeles 
yards, suggests that it would be advantageous to serve each pair with a single joint terminal on 
the advanced-technology system.

Figure 6-11 shows the port and inland rail intermodal terminals connected by a network 
of hypothetical lines roughly following existing rail routes (including the Alameda Corridor 
south of Hobart/UP Los Angeles). The field and engineering work required to confirm that 

Figure 6-11.  Representative fixed-guideway system.
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an advanced-technology fixed-guideway system could be constructed on those routes is far 
beyond the study scope and would almost certainly reveal serious technical, political, and 
environmental challenges. The hypothetical network shown in Figure 6-11 was developed 
solely for this case study.

The network envisioned in Figure 6-11 includes approximately 35 line miles of track, not 
including trackage in the terminals. The configuration shown in Figure 6-11 immediately raises 
line capacity issues. If the nominal minimum headway on the main north-south line is 1 minute 
(60 vehicles per hour), the port-area branch lines cannot also operate at that headway, unless 
there are multiple tracks in each direction on the line to the inland terminals. Multiple lines 
would also be required by both ICTF/SCIG and Hobart/Los Angeles to dispatch and receive 
containers at that rate.

The scope of the investigation included trips of up to 100 miles inland. For Southern California, 
the major market in that range is the Inland Empire, roughly equivalent to the urban portions 
of Riverside and San Bernardino counties (Figure 6-12).

The center of this market is generally considered to be the unincorporated “Mira Loma” 
area of Riverside County east of the Ontario Airport. This area has a large concentration of 
major industries and distribution centers. For this case study, the research team used the site 
shown in Figure 6-13 as a hypothetical Inland Empire terminal site. The site in question is a 
former landfill adjacent to rail lines and with good freeway access. Although this site will likely 
be developed for some other purpose, it was identified in the SCAG Inland Port Feasibility 
study as a candidate location for a rail intermodal terminal connected to the ports via rail 
shuttles.

Figure 6-12.  Fixed-guideway extension to Inland Empire.
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The Inland Empire terminal shown in Figure 6-13 adds 39 route miles to the 35-mile port-area 
system shown in Figure 6-11. The 2008 SCAG study estimated 3,500 daily container trips between 
the port terminals and the two-county Inland Empire market shown in Figure 6-12. Based on 
the most recent forecast, this estimate would be equivalent to about 9,600 daily trips in 2030. 
An 80% market share for the advanced transport system would be 7,600 daily trips, or 240 per 
hour in each direction for a 16-hour day.

Volume and Capacity

The volume requirements for a fixed-guideway system depend on some assumptions 
regarding operating hours, throughput capability, and routine versus maximum capacities. 
Port terminals in Southern California are open to railroad truck transfers about 80 hours per 
week, including extended hours under the Off-Peak program. The operations at most ter-
minals are 16 hours per day Monday through Thursday (accounting for scheduled breaks), 
8 hours on Friday, and 8 hours on Saturday. This schedule is equivalent to 16 hours per day 
on weekdays (5 days per week). Of the nominal 260 weekdays in a year, the ILWU contract 
provides for 16 paid holidays, leaving 244 annual workdays. At 16 hours per day for 244 days, 
the annual capacity of the system declines to 3.3 million. Although marine container termi-
nals are “open” 24 hours for vessel operations as needed (at high cost for overtime), other 
terminal functions have more limited hours.

Common transportation engineering practice is to estimate routine throughput capability at 
80% of maximum capacity. This conservative practice reflects multiple realities:

Figure 6-13.  Representative Inland Empire terminal site.
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•	 Systems operating at full capacity have no room for error or variation and are thus highly 
susceptible to disruption.

•	 Indefinite operation at full capacity requires perfection of the human element, which cannot 
be assumed.

•	 Operation at full capacity requires that connecting systems either operate at the same capacity 
or have large buffers.

As Table 6-4 shows, depending on the system configuration and markets served, the system 
could require capacities of 512 to 1306 containers per hour, or 256 to 653 per hour in each 
direction.

As typically envisioned, most advanced-technology systems would operate with individual 
vehicles carrying one container each on 1-minute headways, yielding a nominal capacity 
of 60 containers per hour in each single-track guideway. Under these circumstances, such 
a system would need 5 to 11 tracks in each direction, 10 to 22 tracks in total, to sustain 
the volumes envisioned above. The alternative is to drastically reduce the headway or carry 
multiple containers per vehicle. These solutions are, unfortunately, mutually incompatible. 
Loaded containers can weigh up to 80,000 lb each, the equivalent of 500 160-lb people. 
Even at average loads of 20,000–40,000 lb, carrying multiple containers on a single vehicle 
or on a set of linked vehicles would require longer headways to allow for safe braking and 
acceleration rates. The optimal capacity solution would entail tradeoffs between load, head-
way, speed, braking force, and adhesion. For example, the hypothetical system analyzed for 
the I-710 EIR/EIS has vehicle consists of 10 containers operating at 90-second headways. 
Such a system would have a maximum capacity of 800 containers per hour on a single line. 
That system would have an estimated sustainable throughput of 640 containers per hour. At  
244 days per year, 16 hours per day, such a system could be expected to move 2.5 million 
containers annually.

Capital Costs

Capital costs were estimated for a representative ECCO fixed-guideway system in three 
configurations.

System Scope
Port No

Build

Port Build
w/o 

SCIG/ICTF 
Expansion

Port Build
with 

SCIG/ICTF 
Expansion

Port No Build
with 

SCIG/ICTF 
Expansion

Port No Build
Off-Dock
System

Port No Build
Inland Empire

System

Port No Build
Complete

System

2035 Volumes

Annual Max (million containers ) 3.1 2.3 2.3 3.1 2.4 2.0 5.1

80% Share (million containers ) 2.5 1.8 1.8 2.5 1.9 1.6 4.1

Daily Avg. Volume (244 weekdays) 10,164 7,541 7,541 10,164 7,869 6,557 16,721

Hourly Avg. Volume (16 hours) 635 471 471 635 492 410 1,045

Required Hourly Capacity (80% rule) 794 589 589 794 615 512 1,306

I-710 EIR/EIS Scenarios Addi�onal Scenarios

Table 6-4.  Fixed-guideway scenario capacity requirements.
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The near-dock cost model (Table 6-5) represents a 20-mile network linking the port marine 
terminals with the existing ICTF and the SCIG site, served for this purpose by a single ECCO 
terminal. The estimates in this and following tables strive for completeness and include estimates 
of right-of-way acquisition costs, control and maintenance facilities, environmental mitigation, 
design, contingencies, and so forth. These categories substantially increase the cost relative to 
“bare bones” estimates that simply apply an average per-mile cost to the distance covered. The 
estimated capital cost is $7.3 billion.

The estimate in Table 6-6 is for an off-dock system linking marine terminals to the BNSF Hobart 
and UP Los Angeles terminals served jointly by a single ECCO terminal about 20 miles inland. 
The additional distance raises the capital cost estimate to $9.6 billion.

Capital Costs - ECCO Near-Dock Single Vehicle System, 60 vehicles/hr
Category Metric Unit Cost Units Cost

Trackage
Elevated Double-track miles 33,000,000$    20 660,000,000$           

Incremental Bridge Double-track miles 60,047,382$    0.2 12,009,476$             
Incremental Tracks (Pair) Double-track miles 10,000,000$    120 1,200,000,000$       

ROW Acquisi�on   % of non-ROW costs 14.80% 277,057,402$           
Trackage Subtotal 2,149,066,879$      

Power
Substa�ons Line Miles 479,911$         1 479,911$                  

Distribution System Line Miles 849,552$         20 16,991,045$             
Power Subtotal 17,470,956$            

Control, Signalling, & Communica�ons System 2,144,200$      1 2,144,200$              
Control Facility Number 10,000,000$    1 10,000,000$            
Maintenance Facility Number 50,000,000$    1 50,000,000$             

Land Acquisi�on % of non-land costs 14.80% 7,400,000$               
Maintenance Facility Subtotal 57,400,000$            

Terminals
Port  Terminals Number 250,000,000$ 9 2,250,000,000$       

Inland Terminals Number 250,000,000$ 1 250,000,000$           
Land Acquisi�on % of non-land costs 14.80% 333,000,000$           

Terminals Subtotal 2,833,000,000$      
Infrastructure Total 5,069,082,035$      
Environmental Mi�ga�on % of non-land costs 7.50% 333,871,847$           
Vehicles Number 720,000$         152 109,136,842$           
Subtotal Capital Cost Es�mate 5,512,090,725$      
Design Unit 10% 551,209,072$           
Contingencies Percent 20% 1,212,659,959$       
Total Es�mated Capital Cost 7,275,959,756$      

Table 6-5.  Fixed-guideway near-dock cost model.
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The third estimate (Table 6-7) connects both the near-dock and off-dock rail facilities to 
the marine terminals at an estimated capital cost of $9.9 billion. The difference in cost between 
Tables 6-6 and 6-7 is the additional terminal at ICTF/SCIG.

For comparison purposes, Table 6-8 presents the capital cost estimates prepared for the con-
ceptual near/off-dock system developed for the I-710 Alternatives Analysis (Figure 6-11). The 
range of $8.2 to $11.3 billion almost precisely brackets the $9.9 billion estimate in Table 6-7, 
adding to the level of confidence.

Table 6-9 presents the I-710 Alternative Analysis estimates of annual operating costs for the 
system in Table 6-8. The mean is $315 million annually.

Capital Costs - ECCO Single Vehicle System, 60 vehicles/hr
Category Metric Unit Cost Units Cost

Trackage
Elevated Double-track miles 33,000,000$    35 1,155,000,000$       

Incremental Bridge Double-track miles 60,047,382$    0.2 12,009,476$             
Incremental Tracks (Pair) Double-track miles 10,000,000$    210 2,100,000,000$       

ROW Acquisi�on    % of non-ROW costs 14.80% 483,517,402$           
Trackage Subtotal 3,750,526,879$      

Power
Substa�ons Line Miles 479,911$         1 479,911$                  

Distribution System Line Miles 1,870,469$      35 65,466,416$             
Power Subtotal 65,946,327$            

Control, Signalling, & Communica�ons System 2,144,200$      1 2,144,200$              
Control Facility Number 10,000,000$    1 10,000,000$            
Maintenance Facility Number 50,000,000$    1 50,000,000$             

Land Acquisi�on % of non-land costs 14.80% 7,400,000$               
Maintenance Facility Subtotal 57,400,000$            

Terminals
Port  Terminals Number 250,000,000$ 9 2,250,000,000$       

Inland Terminals Number 250,000,000$ 1 250,000,000$           
Land Acquisi�on % of non-land costs 14.80% 333,000,000$           

Terminals Subtotal 2,833,000,000$      
Infrastructure Total 6,719,017,406$      
Environmental Mi�ga�on % of non-land costs 7.50% 442,132,500$           
Vehicles Number 720,000$         211 151,578,947$           
Subtotal Capital Cost Es�mate 7,312,728,854$      
Design Unit 10% 731,272,885$           
Contingencies Percent 20% 1,608,800,348$       
Total Es�mated Capital Cost 9,652,802,087$      

Table 6-6.  Fixed-guideway off-dock cost model.
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Capital Costs - ECCO Single Vehicle System, 60 vehicles/hr
Category Metric Unit Cost Units Cost

Trackage
Elevated Double-track miles 33,000,000$    35 1,155,000,000$       

Incremental Bridge Double-track miles 60,047,382$    0.2 12,009,476$             
Incremental Tracks (Pair) Double-track miles 10,000,000$    210 2,100,000,000$       

ROW Acquisi�on   % of non-ROW costs 14.80% 483,517,402$           
Trackage Subtotal 3,750,526,879$      

Power
Substa�ons Line Miles 479,911$         1 479,911$                  

Distribution System Line Miles 849,552$         35 29,734,329$             
Power Subtotal 30,214,240$            

Control, Signalling, & Communica�ons System 2,144,200$      1 2,144,200$              
Control Facility Number 10,000,000$    1 10,000,000$            
Maintenance Facility Number 50,000,000$    1 50,000,000$             

Land Acquisi�on % of non-land costs 14.80% 7,400,000$               
Maintenance Facility Subtotal 57,400,000$            

Terminals
Port  Terminals Number 250,000,000$ 9 2,250,000,000$       

Inland Terminals Number 250,000,000$ 2 500,000,000$           
Land Acquisi�on % of non-land costs 14.80% 333,000,000$           

Terminals Subtotal 3,083,000,000$      
Infrastructure Total 6,933,285,319$      
Environmental Mi�ga�on % of non-land costs 7.50% 458,202,594$           
Vehicles Number 720,000$         166 119,747,368$           
Subtotal Capital Cost Es�mate 7,511,235,281$      
Design Unit 10% 751,123,528$           
Contingencies Percent 20% 1,652,471,762$       
Total Es�mated Capital Cost 9,914,830,571$      

Table 6-7.  Fixed-guideway near/off-dock cost model.

Capital Costs I 710 Near/Off Dock System, 10 vehicle consists, 90 second headways
Category Low Unit Cost High Unit Cost Units Low Cost High Cost Mean

System Miles
Line Haul 300,000,000$ 394,000,000$ 16 4,800,000,000$ 6,304,000,000$ 5,552,000,000$

Rail Terminals 180,000,000$ 264,000,000$ 4 720,000,000$ 1,056,000,000$ 888,000,000$
Port Terminals 180,000,000$ 264,000,000$ 15 2,700,000,000$ 3,960,000,000$ 3,330,000,000$

System Total 35 8,220,000,000$ 11,320,000,000$ 9,770,000,000$

Table 6-8.  I-710 Fixed-guideway capital cost estimate.

Operating & Maintenence Costs I 710 Near/Off Dock System, 10 vehicle consists, 90 second headways
Category Low Unit Cost High Unit Cost Units Low Cost High Cost Mean

System Miles
Line Haul 7,500,000$ 10,500,000$ 16 120,000,000$ 168,000,000$ 144,000,000$

Rail Terminals 7,500,000$ 10,500,000$ 4 30,000,000$ 42,000,000$ 36,000,000$
Port Terminals 7,500,000$ 10,500,000$ 15 112,500,000$ 157,500,000$ 135,000,000$

System Total 35 262,500,000$ 367,500,000$ 315,000,000$

Table 6-9.  I-710 Fixed-guideway operating and maintenance cost estimate.
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Category
Low Volume &

Cost
High Volume &

Cost
Annual O&M Cost 262,500,000$ 367,500,000$
Annual Max Volume @ 80% Share 1,840,000 2,480,000
Operating cost per container move 143$ 148$
Annual Debt Service at 3% 246,600,000$ 339,600,000$
Annual Debt Service per container move 134$ 137$
Total Annual Cost 509,100,000$ 707,100,000$
Total Annual Cost per Container 277$ 285$

Table 6-10.  Fixed-guideway unit cost estimates.

Table 6-10 estimates average annual operating, debt service, and total cost per container 
moves. Two combinations are shown:

•	 The low operating and capital cost estimates with the lower value (Port Build w/o SCIG/ICTF) 
from Table 6-3.

•	 The high operating and capital cost estimates with the higher volume (Port No Build) from 
Table 6-3.

The operating cost per container move ranges from $143–148, compared to a competitive 
estimate of $81–101 from Table 6-2. Attempting to cover the debt service on bond or loan 
financing would raise the rates much higher. Moreover, the rate/cost estimates in Table 6-10 
correspond to the fixed-guideway system operating at its full capability (80% of maximum 
capacity). Because so many of the system costs would be fixed, the average cost would climb 
still higher at lower volumes.

Electric Truck System Option

A battery-electric or battery-electric hybrid truck system would use four lanes of right-of-way 
constructed as part of the I-710 Corridor Project.

Development of wayside power for electric trucks is covered under Alternative 6B of the 
I-710 Corridor Project, which also includes automated guidance to enable truck “platooning” 
to increase capacity.

GNA developed estimates of incremental infrastructure capital cost and annual operating and 
maintenance costs for three variations of zero (or near-zero) emissions trucks:

•	 Natural gas/electric hybrids
•	 Hydrogen fuel cell/electric hybrids
•	 Battery-electric

The estimates are shown in Table 6-11 for a vehicle fleet of 1,000 trucks. Running between 
port terminals and Hobart or UP Los Angeles, a single truck can typically make six or more 
one-way trips in a working day, giving the system shown an annual capacity of approximately 
1.5 million annual container trips. As the table shows, the operating costs of the system and the 
vehicle (exclusive of labor) are estimated to be $15–24 per trip.
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Table 6-12 presents a separate capital cost estimate for a four-lane electric truck system. 
The estimate is $5.4 billion, almost precisely the estimate developed in the I-710 Alternatives 
Analysis.

The infrastructure costs shown are the incremental additions to the basic highway infrastruc-
ture and range from $248 million to $305 million. The I-710 EIR/EIS estimates the capital cost of 
Alternative 6B of the I-710 Corridor Project, including infrastructure, but not vehicles, at about 
$5.3 billion. To be comparable to the higher capacity (2.5 million annual trips) shown in Table 6-3, 
the estimate in Table 6-12 should be raised to reflect 1,670 vehicles at a cost of $414–470 million, 
bringing total capital cost to about $5.7 billion.

The vehicle cost is zero because the vehicles themselves would be provided by the trucking 
companies, rather than by a public-sector sponsor. Labor and overhead costs must be added 

Category

Infrastructure
Required

Infrastructure Cost

Vehicle Costs (fleet
of 1,000 trucks)
Total Infrastructure
Cost

Non vehicle
Infrastructure O&M
Costs

Annual Vehicle
O&M Costs

Total Annual O&M
Cost
Cost per trip at 1.5
million annually
20 year Total Cost

Catenary lines and
associated electrical
infrastructure

Hydrogen fueling
sta�ons

Charging equipment

Ba�ery Electric
Truck

Fuel Cell Hybrid
Truck

$248 million $300 $305 million

$5 $24 million $17 million $35 $40 million

$282 million $231 million $265 million

$0.8 billion $1.0 billion $1.0 billion

Notes

Infrastructure cost based
on es�mates of $1.3 $6
mill ion per mile. Higher
costs include various
security and control
systems. *Infrastructure
maintenance costs
es�mated at 1% of system
cost annually14.

Costs based on NREL
pipeline delivery model15.
Es�mated $7.75/ annual kg
dispensed. No pipeline
infrastructure costs
included.

Infrastructure costs based
on charging and electrical
infrastructure costs to
support 1,000 trucks16.

**Infrastructure
maintenance costs
unknown, but es�mated
based on a ten year
replacement rate for vehicle
chargers.

$36 million

$15 $24 $24

NG Catenary Hybrid
Truck

Capital Costs

Annual Costs

Included in
infrastructure costs

$0.05 $0.2 million* $2 million**

$23 million $36 million $34 million

$23 million $36 million

$287 $306 million

Table 6-11.  GNA electric truck cost estimates.
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to the average operations and maintenance costs per trip shown in Table 6-11 to estimate 
the full per-trip cost. Labor at $15 per hour and overhead at $25 per trip would add about 
$46 per trip to the figures shown, yielding total per-trip operating and maintenance costs 
of $60–70. These costs are comparable to the estimates in Table 6-2. This agreement is not 
surprising because labor and overhead account for most of the drayage cost and are the same 
in both cases.

Evaluating Candidates

Evaluation of the two basic short list candidates—advanced fixed-guideway and electric truck 
with wayside power—and their variations is relatively straightforward because of the large differ-
ences between them. It was not necessary to weight the criteria or use formal ranking or ratings.

Emissions.  Both candidates achieve zero or near-zero-emissions, and in this respect there is 
nothing to distinguish one over the other. Although there may be small differences, both alter-
natives are still somewhat conceptual and there are no actual emissions data on either option.

GHG.  Because both systems rely primarily on electric power, any difference in GHG would 
depend on their relative energy efficiency. As with emissions, any estimates are conceptual and 
there is no basis for reliably distinguishing between them. Both systems may use free-running 
clean or zero-emissions drayage for short connector trips at the ends of the systems.

Capital Costs On/Off Dock Electric Truck, 1130 Vehicles /lane hr
Category Metric Unit Cost Units Cost

Highway
Two lane Freeway Miles 17,600,000$ 50 880,000,000$

Elevation Miles 45,364,773$ 50 2,268,238,628$
Incremental Bridge Miles 108,740,721$ 0.4 108,740,721$

ROW Acquisi�on   % of non ROW costs 14.80% 465,939,317$
Highway Subtotal 3,722,918,666$

Power
Substa�ons Line Miles 479,911$ 25 11,997,775$

Distribution System Line Miles 440,968$ 100 44,096,845$
Power Subtotal 56,094,619$

Control, Signalling, & Communica�ons System $
Control Facility Number $
Maintenance Facility Number $

Land Acquisi�on % of non land costs 14.80% $
Maintenance Facility Subtotal $

Terminals
Port Terminals Number $

Inland Terminals Number $
Land Acquisi�on % of non land costs 14.80% $

Terminals Subtotal $
Infrastructure Total 3,779,013,285$
Environmental Mi�ga�on % of non land costs 7.50% 248,480,548$
Vehicles Number $
Subtotal Capital Cost Es�mate 4,027,493,833$
Design Unit 10% 402,749,383$
Contingencies Percent 20% 886,048,643$
Total Es�mated Capital Cost 5,316,291,859$

Table 6-12.  Capital cost estimate four-lane electric truck system.
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Noise.  With electric power for propulsion, much of the noise will come from wheel-to-rail 
contact on the fixed-guideway and tire-to-pavement contact for electric trucks. Here too there is 
no reliable basis for favoring one system over another.

Capacity.  The fixed-guideway system envisioned in the I-710 Alternatives Analysis has a maxi-
mum capacity of about 800 containers per hour in each direction (Table 6-3), or 1,600 total. The 
four-lane electrified truck roadway in Table 6-12 has a capacity of 1,130 vehicles/containers per lane-
hour or 4,520 total. The four-lane freight corridor envisioned in the I-710 Alternatives Analysis would 
also have a capacity of 4,520 vehicles or containers per hour, but that capacity would be shared with 
other types of truck traffic. Both systems, however, have adequate capacity to accommodate port trade 
growth to the 2035 planning horizon and to divert trucks from existing highways, specifically I-710.

Capital Costs.  Advanced fixed-guideway systems are more expensive to build than electrified 
roadways. The estimated cost of a near/off-dock fixed-guideway system is roughly $10 billion, 
while the estimated cost of a four-lane electrified highway system with greater capacity is about 
$6 billion. A major reason for the difference is the need for multiple terminals in the fixed-
guideway system versus the ability of battery-electric trucks to use existing terminals. By com-
parison, SCAG’s proposed investment in bus transit for 2012–2035 is $4.6 billion (RTP), and the 
Gerald Desmond Bridge replacement will cost about $1 billion.

Operating Cost.  The substantial disparity in operating costs between advanced-technology 
fixed-guideway systems is heavily influenced by the additional container lifts required. The esti-
mates in Table 6-10 significantly exceed the baseline drayage costs in Table 6-2 and the electric 
truck estimates in Table 6-11.

Congestion Relief.  Issues of efficiency aside, the substantially higher operating costs of an 
advanced-technology fixed-guideway system imply failure under a critical criterion: the potential 
to divert truck trips from the baseline drayage option in a competitive market. Alternatively, an 
advanced fixed-guideway system would have to be heavily subsidized to compete. There are no 
funding sources for such subsidy, no freight sector precedents, and no willingness on the part of 
stakeholders to provide subsidies.

User Choice Criteria.  Given the higher operating cost, the fixed-guideway system is likely to 
fare poorly in choices made by users. Over the short distances, any advantage in line-haul speed 
from Maglev, LIM, or LSM technology would have little, if any, value.

Technological Readiness.  The I-710 Alternatives Analysis and the terminal design have 
actually added to the fixed-guideway concept, which formerly lacked any realistic terminal designs. 
Nonetheless, advanced-technology systems remain essentially conceptual, at TRLs 3–4. In contrast, 
electric truck systems building on technologies already operating in the freight sphere are at 
TRLs 5–6. The difference may represent a decade or more of development time. Most critically, 
there is no way to predict when advanced-technology fixed-guideway systems would be ready 
to implement.

Although the electric wayside power and battery-electric truck technologies have been suc-
cessfully implemented separately, it cannot be assumed that they would necessarily function 
together as a system in the port environment. It is envisioned that trucks would also recharge 
their batteries while receiving propulsive power from overhead catenary. The distances to the 
near-dock rail terminals, however, range from 4 to 6 miles from the marine terminals. At 30 mph, 
the time under catenary would be just 8 to 12 minutes, which is far less than required to charge or 
even “top off” truck batteries. Significant additional technology development would be required 
to determine how far or how long a truck would need to travel with wayside power to accumulate 
enough battery charge for significant “off-wire” travel.
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Findings

Based on the available information supplemented by the research team’s analysis estimation 
and conceptual design efforts, advanced-technology fixed-guideway systems (e.g., Maglev, LIM, 
and LSM) will not have an effective role in solving the ports’ inland container transport problems 
for the foreseeable future. Such systems do not appear to be cost-effective relative to either 
free-running truck drayage or battery-electric trucks with wayside power. The capital costs 
are substantially higher than the alternatives. The operating costs are likely to be prohibitive, 
eliminating any potential for substantial diversion of trucks from existing streets or highways. 
Battery-electric or battery-electric hybrid trucks appear to be a potentially cost-effective option 
in terms of both capital investment and competitive operating costs.

Conclusions

The proposed evaluation method yields the same end result as the Roadmap analysis and the 
I-710 Alternatives Analysis: advanced fixed-guideway systems are too costly, too narrow in their 
application, too inflexible, and insufficiently scalable to be cost-effective solutions to the emissions, 
congestion, and capacity problems facing the Ports and the region. Moreover, the very long and 
uncertain lead time for their development and implementation would leave pressing problems 
unaddressed for an unacceptably long time and entail considerable risk. The proposed method 
also identified advanced truck drayage concepts as more feasible in the near term, again consistent 
with the Roadmap and the I-710 Alternatives Analysis.

The results are driven by a few inherent characteristics of advanced fixed-guideway technologies 
and the container transport needs of the Southern California ports:

•	 Automated small-vehicle fixed-guideway technologies are inherently unsuited to moving large 
volumes of marine containers in complex or multi-destination networks. These technologies 
excel at handling passengers in relatively short, simple loops or systems.

•	 Advanced fixed-guideway systems are inherently capital-intensive, especially where they must 
be elevated and retrofit to legacy facilities.

•	 Advanced fixed-guideway systems are inherently inflexible and non-scalable compared to 
truck drayage systems.

The opportunity window for advanced fixed-guideway systems may be closing. Foreseeable 
developments at LA/LB, particularly expansion of UP’s ICTF, development of BNSF’s SCIG, and 
additional on-dock rail capacity, would drastically reduce the volume of traffic and potential 
advantages of advanced fixed-guideway technologies.

The LA/LB case study suggests that the proposed evaluation method is fundamentally useful and 
sound, but must be flexible in its application. The current social, environmental, and economic 
context of North American ports requires that a transport system do more than move containers 
efficiently. The TBL is the new reality for ports.

The precision of the proposed method remains limited by the information available on advanced 
technologies and on the complete systems that must eventually be built around them. The advanced 
propulsion systems remain largely conceptual in their application to container transport, despite 
some successful demonstrations under “laboratory” conditions. There is no obvious source for 
ongoing research and development beyond the private capital of the proponent firms, so the 
outlook for eventual technological and system readiness is unclear.
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Background

The Port of Baltimore is planning to relocate the existing on-dock rail transfer facility from 
its Seagirt Terminal (Figure 7-1) inland. The Port Authority had expressed an interest in review-
ing alternative technologies for potential application between Seagirt and the chosen site. The 
research team applied the study method to the Baltimore container movement issue to see how 
advanced transport options might apply in the long term.

As of mid-2014 the project is stalled and the future of the project is unresolved. In Septem-
ber 2013 the project was presented to the Mount Clare neighborhood and received significant 
neighborhood opposition over social and environmental issues. The project stakeholders, led by 
MDOT, are working to resolve matters at this time.

A case study involving the Port of Baltimore is appropriate because it provides a contempora-
neous illustration of similar drayage issues at a port in a context very different from Los Angeles 
and Long Beach:

•	 There is only one major container terminal at Baltimore (as opposed to 13 at LA/LB) and it 
would be linked to one off-terminal rail facility (as opposed to 2 to 3 at LA/LB).

•	 Capacity, efficiency, traffic reduction, and local impacts are probably the key evaluation criteria.
•	 Although important, emissions impacts are not such an overriding consideration as in LA/LB.
•	 The scale of container transport is much smaller in Baltimore, but many of the same issues 

are important.

Context

Baltimore is primarily a bulk coal export port, currently ranking second in coal exports and 
sixth among U.S. ports in total export tonnage.20 Baltimore leads all U.S. ports in exports of 
autos, light trucks, and farm and construction machinery, and in imports of iron ore, gypsum, 
forest products, and sugar. Baltimore ranks 16th among U.S. container ports, handling 678,000 
TEU in 2012.21

Port Facilities

The port’s major facilities are illustrated in Figure 7-2. The primary container terminal is 
Seagirt. Dundalk is primarily a general cargo handling facility.

Baltimore Case Study

C H A P T E R  7

20 The data is from 2012, the latest year for which statistics are available from the Association of American Port Authorities. 
http://www.aapa-ports.org/Industry/content.cfm?ItemNumber=900&navItemNumber=551
21 Maryland Port Administration facilities only.
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The Port’s overall purpose is to provide freight transportation infrastructure that promotes 
the growth of business in Maryland. In 2009, Ports America Chesapeake signed a 50-year lease 
with the Maryland Transportation Authority to operate Seagirt Terminal (Figure 7-1). The proj-
ect required Ports America to develop a 50-foot berth and acquire four new cranes as well as 
provide funds for related highway, bridge, and tunnel projects near the port. To that end, Seagirt 
has been reconstructed to permit handling of 12,000 TEU container ships. These changes should 
allow the port to remain competitive for the larger ships that serve the Suez trade and that are 
expected on completion of the new Panama Canal.

In anticipation of growing container traffic, the Maryland Port Administration (MPA) has 
also been working to improve landside rail access to Seagirt. Those actions have been a major 
driver for the new CSX National Gateway and Baltimore Intermodal Terminal projects.

National Gateway Project

The CSX National Gateway is an $850 million public-private partnership to improve rail traf-
fic flow via a new double-stack rail corridor that connects Baltimore and other key mid-Atlantic 
ports to markets in the Midwest and the South, as illustrated in Figure 7-3.

Figure 7-1.  On-dock rail terminal at Seagirt.

Figure 7-2.  Port of Baltimore.

Seagirt Marine Terminal

Dundalk Marine
Terminal
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Two key elements of the project are the major new sorting hub in Northwest Ohio, which will 
forward and receive cargo to/from cities in the Midwest and West, and a new Baltimore area 
international terminal. Other aspects include bridge and tunnel projects to create double-stack 
clearances along the route.

The North Baltimore terminal is the key sorting hub of the CSX intermodal network. Inter-
modal trains move to North Baltimore from cities and ports throughout the nation. The con-
tainers are sorted between inbound and outbound trains using wide-span rail-mounted gantry 
cranes. Outbound trains deliver the cargo throughout North America. A key feature of this 
operation is that it bypasses the heavily congested Chicago rail center. The facility was completed 
in 2011 at a cost of $175 million.

Since October 1988, CSX Intermodal (CSXI) has provided domestic and international inter-
modal freight service between the Port of Baltimore and Midwestern points from Seagirt, at the 
Port’s on-dock intermodal rail terminal. In 1991, the operation was significantly expanded. CSXI 
consolidated its operations from Potomac Yard in Alexandria, VA, into Seagirt, adding two primar-
ily domestic north/south (Northeast to Florida, Northeast to Atlanta) train pairs, to daily operations.

At Seagirt, this means that marine terminal land and labor are being used to perform domes-
tic transportation work that could be done with less costly resources at other locations. This 
matter has become more important in the face of anticipated growth in international container 
volumes. As a result, both the Port and CSX have an interest in relocating domestic intermodal 

Figure 7-3.  National Gateway Project.
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operations. About 90% of Baltimore intermodal movements served by CSX are associated with 
domestic shippers. The remaining 10% are international, associated with ships calling at the Port 
of Baltimore.

Howard Street Tunnel

A fundamental problem for the Seagirt intermodal terminal is its location on the north side of 
the Howard Street Tunnel (Figure 7-4). The 1.7-mile single-track tunnel is the only direct freight 
rail route between Washington and Philadelphia and is one of the oldest railroad tunnels in the 
United States. Replacing the tunnel is considered prohibitively expensive because of the web 
of buildings, sewers, water lines, electrical lines, and internet fiberoptic cables that surround it. 
Moreover, Baltimore’s major light-rail passenger line runs on Howard Street above the tunnel, 
and the city’s subway line lies beneath. The tunnel does not provide clearance for double-stack 
intermodal freight cars and is an insoluble bottleneck for efficient container movement between 
Seagirt and points west and south. For these reasons, both the Port and CSX have only consid-
ered new domestic terminal sites south of the Howard Street Tunnel.

Container Movements

Approximately 10,000 international containers would move between the Seagirt and the 
Mount Clare intermodal facility in its first year of operation. Containers would move directly by 
truck or, if volume warrants, through the Howard Street Tunnel using single-stack rail car. The 
Seagirt rail loading facility would remain, but would serve international cargo exclusively.

Figure 7-4.  Baltimore local map, including Howard Street Tunnel.

CSX to/from Midwest and South

Seagirt Marine and CSX
Intermodal Terminal

Howard Street Tunnel

CSX Mount Clare Yard

CSX to/from New Jersey
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The number of trucks moving over the highway system between Seagirt and Mount Clare 
would remain relatively small until business levels increase. CSX is obligated by agreement to 
operate a single-stack rail service between the two locations through the Howard Street Tunnel 
when cargo activity generates a 3000-foot train, about 120 TEU or 60 40-foot containers. It is 
reasonable therefore to expect that frequency of meeting the minimum volume threshold for rail 
shuttle operations will be a direct function of the number of ships (particularly the larger 8,000 
to 12,000 TEU ships) handled at the Port of Baltimore.

Project History

Figure 7-5 shows the general route between Seagirt Marine Terminal (container facility in 
Baltimore) and the original proposed new CSX terminal sites. Figure 7-6 shows the approximate 
location of the original candidate sites. The distances from Seagirt are

•	 BARC/Beltsville: 34 miles
•	 Race and Hanover Road: 15 miles
•	 Jessup Correctional Facility: 24 miles
•	 Montevideo Road: 19 miles

The operative questions for the stakeholders were

•	 Can any of the alternative container transport technologies be applied to the movement 
between one or more of the potential terminal sites and Seagirt?

•	 What advantages would alternative transport technologies have over either conventional or 
advanced drayage options?

•	 Would application of an alternative transport technology favor one site over another, or 
change the Port’s choice?

Figure 7-5.  Seagirt link to CSX terminal sites.
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Figure 7-6.  Potential terminal sites (approximate only).

In the last 2 years, however, the project has changed materially. The four candidate sites in 
Figure 7-6 were eliminated on the grounds of cost and local opposition, and a site at Mount 
Clare (Figure 7-7) about 6 to 8 miles from Seagirt, selected instead. Community concern around 
the Mount Clare site (as well as around alternative sites) has focused on local truck traffic, noise, 
disruption, and emissions.

It is not certain that the Mount Clare project can be implemented over social, environmen-
tal, and political objections. Planners would be interested in container transport options, such 
as advanced-technology fixed guideways or electrified trucks, that could reduce the adverse 
impacts and increase the chances of long-term project success.

The problem facing the Maryland Port Authority, the Port of Baltimore, and CSX is trans-
porting containers between the Seagirt Marine Terminal and the new off-dock rail intermodal 
terminal. The on-dock rail terminal at Seagirt has handled both international and domestic rail 
intermodal business. Much of the land occupied by the on-dock rail facility is being reclaimed 
for added marine terminal capacity. The domestic rail intermodal business will be relocated to 
Mount Clare on CSX southwest of Baltimore (Figure 7-7). International containers moving to 
and from Seagirt via rail intermodal service must be moved between Seagirt and Mount Clare.

The project to develop an intermodal terminal on the National Gateway route south of the How-
ard Street Tunnel is a public-private partnership between MDOT and CSX. The public sector’s inter-
est is the promotion of economic activity and job creation. The project partnership was negotiated in 
2009 at the depth of the recent recession.22 The City of Baltimore joined the effort more recently.

22 The unemployment rate peaked in October 2009. http://www.bls.gov/spotlight/2012/recession/pdf/recession_bls_spotlight.pdf
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Initial Candidate Sites

Initially, CSX and MDOT were considering the location for the facility in Howard, Anne 
Arundel, and Prince George’s counties, south of Baltimore. The cost estimate for building a 
suburban site was between $140 million and $325 million, which was much more than had been 
planned and budgeted. In addition, these sites generated strong opposition from local residents. 
In contrast, the mayor of Baltimore sought to keep the facility and related economic activity 
within the City of Baltimore and formally asked CSX not to move out of the city.

Mount Clare Site

The Mount Clare site is the single remaining location which may be viable. The Morrell Park/
Violetville Neighborhood is resisting the development. A report prepared by the National Center 
for Healthy Housing (NCHH), a national nonprofit organization based in Columbia, Maryland, 
is an example of the type of analytical work required to identify and measure social criteria. It 
describes the neighborhood as follows:23

The Morrell Park/Violetville Community has a greater population of white residents and residents age 65 
or older than that of the city, Baltimore County, and the state as a whole. The median household income for 
the area is $39,931—slightly higher than the city as a whole, but substantially lower than Baltimore County 
($65,411) and the state ($72,419).

Figure 7-7.  Baltimore local map, including Howard Street Tunnel.

CSX to/from Midwest and South

Seagirt Marine and CSX
Intermodal Terminal

Howard Street Tunnel

CSX Mount Clare Yard

CSX to/from New Jersey

23 Baltimore-Washington Rail Intermodal Facility Health Impact Assessment: Preliminary Report August 2013 available at 
http://nchh.org/Portals/0/Contents/Intermodal-Facility-HIA_Preliminary-Report_August-2013.pdf
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The residents living in the CSA have higher rates of age-adjusted mortality and heart disease, all cancer 
and lung cancer deaths, and deaths linked to chronic diseases of the lower respiratory system (e.g., chronic 
obstructive pulmonary disease, emphysema, bronchitis, and asthma) compared with City of Baltimore and 
Maryland residents as a whole.

Geospatial maps indicate that residents living in the Morrell Park/Violetville CSA (and other residents liv-
ing along freeways that traverse Baltimore) may already be disproportionately burdened by transportation-
related air pollution.

The report goes on to identify social issues and suggest remedies.

As a result, after consideration of four City of Baltimore locations, CSX proposes to locate 
the new terminal at the existing Mount Clare Yard in southwest Baltimore. Mount Clare Yard 
is south of Interstate 95 where it crosses over Washington Boulevard, as shown in Figure 7-8. 
The site is less than 70 acres, much smaller than the proposed suburban locations, and the 
cost would be much less because the area is already a rail facility. No federal funds would be 
needed. Instead, the state would pay $30 million of the project cost and CSX would contribute 
the remainder, $60 to $65 million.

Mount Clare is the northern I-95 corridor terminus of the National Gateway, so several new 
double-stack intermodal transportation options would become available to shippers and receiv-
ers in Maryland. The terminal would feature two 100-foot, zero-emission electric cranes that 
are nearly silent in operation. These cranes would significantly reduce GHG emissions typically 
associated with diesel cranes that serve older, more traditional intermodal facilities. An esti-
mated 350 jobs would be created during terminal construction. In regular operation the facility 
will generate 50 to 60 direct jobs and 200+ indirect jobs.

In addition to the advantages that accrue from the zero-emission cranes and the overall 
regional benefits associated with use of the rail mode, the Port of Baltimore Clean Diesel Pro-
gram would provide $20,000 each toward the cost of newer drayage trucks that meet or exceed 

Figure 7-8.  CSX Mount Clare Yard site.
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the 2007 EPA engine standard. The program rules require the scrapping of the truck being 
replaced, thus ensuring that it will be permanently removed from service.

MPA would like the project to be complete in 2015 when the new Panama Canal locks are 
expected to be finished and operating. The TRLs of advanced-technology fixed-guideway and 
electric trucks technologies are far too low for such solutions to be implemented by 2015, or even 
within a few years of that target. These technologies are thus not being considered for short-term 
implementation. Instead, the question for this case study is whether such technologies could be 
successfully applied to the container transport problems in a longer time frame.

Evaluation Objective

For this case study, the research team has defined the decision question as:

Can advanced technologies play a long-term role in container movement between Seagirt and 
Mount Clare?

The preferred Mount Clare site is less than 10 highway miles from Seagirt. In the initial phases 
of the project, sites were reviewed at a distance of up to 33 miles from Seagirt. The preferred 
technology for container movement is conventional drayage services, at least in the initial stages. 
The transportation mode is expected to evolve with a greater share of the business moving via a 
conventional, single-stack rail shuttle service as volume increases.

It is clear that advanced technologies are insufficiently developed to play a role in the short-
term development of the new terminal at Mount Clare. Given that success with the Mount Clare 
project is not certain and rests on the ability of planners to meet community concerns while 
maintaining transport efficiency, advanced technologies may have a role to play in the long-term 
viability of the project.

Defining Goals

In the Baltimore case, the container transport system is only one element of a much larger, 
comprehensive multi-party arrangement meant to restructure freight, transit, and port opera-
tions in Baltimore. The agreement involves providing more land for the port, more service for the 
transit system, and the opportunity for CSX to increase business by improving freight rail service 
while reducing cost. Stated goals of CSX, the state, and the port are included in the various con-
tracts and memoranda of understanding dating back to 2009. These contracts provide for CSX to 
transfer land to the port, which will give space for cargo growth, in exchange for assistance from-
MDOT and the Maryland Congressional Delegation in obtaining federal funding and support 
for CSX’s National Gateway Initiative.

The public goals were further articulated in a community meeting in September 2013. For the 
City of Baltimore, the relevant goals include

•	 Retaining jobs and business tax base in Baltimore.
•	 Tying into the double-stack rail network to support local growth and development.
•	 Upgrading and modernizing an existing CSX facility.
•	 Creating more opportunities for CSX to support and enhance the community.
•	 Solidifying the future of the Port of Baltimore.

For the State of Maryland the relevant goals include

•	 Meeting the freight demands of growing communities and a growing economy.
•	 Connecting Maryland’s businesses and consumers to new markets in the Midwest and the 

South via double-stack rail service.
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•	 Modernizing the State’s rail infrastructure to compete with other mid-Atlantic states.
•	 Creating economic growth and jobs by supporting local business growth and development.
•	 Supporting planned expansion and growth at the Port of Baltimore.
•	 Re-asserting Maryland’s competitive advantage in the freight industry.
•	 Allowing the State to leverage private dollars for public good.
•	 Carrying forward priorities identified in Maryland’s Statewide Freight Plan.

Most of these goals would be met by developing the new Mount Clare terminal and con-
necting it to Seagirt by truck and conventional rail as proposed. If local opposition prevents the 
Mount Clare development, however, these goals would be much harder to meet.

The goals of the Maryland Statewide Freight Plan, which were included by reference, are 
important because they add the social and environmental elements which round out the goal 
set. The Goals of the Statewide Freight Plan include

•	 Quality of Service
Enhancing customer experience and service
Providing reliable and predictable travel time across modal options for people and goods
Facilitating coordination and collaboration with agency partners and stakeholders

•	 Safety and Security
Reducing the number and rate of transportation-related fatalities and injuries
Securing transportation assets for the movement of people and goods
Coordinating and refining emergency response plans and activities

•	 System Preservation and Performance
Preserving and maintaining the existing transportation network
Maximizing operational performance and efficiency of existing systems

•	 Environmental Stewardship
Coordinating land use and transportation planning to better promote Smart Growth
Preserving and enhancing Maryland’s natural, community, and historic resources
Supporting initiatives that further our commitments to environmental quality

•	 Connectivity for Daily Life
Providing balanced, seamless, and accessible multimodal transportation options for people 
and goods
Facilitating links within and beyond Maryland to support a healthy economy
Expanding network capacity to manage growth

These goals and objectives extend the decision scope beyond container transport technol-
ogy and efficiency to encompass direct and indirect community impacts. Moreover, the objec-
tives go beyond mitigation of future project impacts to include remediation of existing adverse 
impacts and positive steps toward community enhancement. This broader set of goals generates 
interest in advanced zero-emissions transport technologies.

Container Transport Goals

Of this broad set of project goals only a few relate directly to container transport between 
Seagirt and a new CSX intermodal terminal. This is an element which cannot be taken in isola-
tion, and in fact the overall project goals may have greater weight for decisionmakers than the 
specific transportation goals.

Economic Goals.  In this project there is a greater than ordinary need to maximize the effi-
ciency of the Seagirt-CSX transportation segment in order to “ensure Maryland’s economic 
competitiveness” for the benefit of the state’s “producers, consumers, shippers, and receivers.” 
Competing ports, Norfolk and New York, are served by on- or near-dock rail intermodal facilities, 
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which is inherently more efficient than an off-dock intermodal rail solution. Near-dock solutions 
are not possible in Baltimore because of the physical constraints of the Howard Street Tunnel. 
Mitigating the economic and competitive disadvantage of the Howard Street Tunnel bottleneck 
in the most efficient manner possible is a high priority.

Transportation Goals.  Transportation goals include efficiency, capacity, reliability, safety, 
stability, predictability, flexibility, and compatibility with existing and planned operations and 
infrastructure. In addition, Maryland values policies and solutions that preserve infrastructure 
and reduce demand on the transportation network. Unless there were some means of prohib-
iting truck drayage, an alternative transport system would need to offer a superior cost and 
service combination to attract business from the highway. Operating costs are thus critically 
important.

Social and Environmental Goals.  The major, sometimes conflicting, social goals driving 
this decision include

•	 The desire to promote economic activity and generate jobs, wealth, and tax revenue. Within 
its context, the CSX Intermodal Terminal Facility will be an economic generator creating jobs 
and economic advantage for freight and logistics industry firms choosing to locate in its proxim-
ity. For this reason, the City of Baltimore is exerting influence to have the facility located within 
the city.

•	 The desire to “Protect Maryland’s environment and communities by minimizing negative 
impacts associated with freight facilities and operations.” In the context of the state plan this 
means promotion of “smart growth” and preservation of natural, community, and historic 
resources.

These goals relate directly to the potential advantages of alternative technologies.

Decisionmakers

The terminal project decisionmakers are contributing both financial and political capital. The 
terminal project is being undertaken by a public-private partnership between MDOT and CSX. 
Both organizations are contributing funds for the project. The City of Baltimore has advocated 
for the project to be completed within the city and has become an important stakeholder. Fed-
eral funding is not a part of this project. The users of the proposed evaluation method, therefore, 
would be Maryland DOT, CSX, and the City of Baltimore.

Because the project is a public-private partnership, the voice of industry is provided by CSX. 
CSX represents their customers, the domestic and international shippers. In addition, the Port 
of Baltimore is an agency under MDOT. As such the interests of the port community are also 
represented by an element within MDOT.

Interests of the local communities and private citizens of the state and those living near the 
proposed site are represented by the public agencies and by ad hoc community groups. Political 
sensitivity to the interests of these stakeholders is often high and can result in project delays if 
community concerns are not satisfactorily addressed.

Responsiveness to local concerns, environmental justice issues, and the potential adverse 
impacts of freight movement have become central concerns for public-sector decisionmakers. 
Project plans must therefore include measures that give local communities a voice and that not 
only mitigate project impacts, but reduce the impacts already occurring. This is a clear example 
of the “social license” concept and related to the TBL concept discussed below in the context of 
evaluation criteria.
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Evaluation Criteria

Performance Criteria

Operational Criteria.  In this instance, the minimum technical container transportation 
system performance requirements have been defined by contract. Conventional drayage will 
provide baseline service over the existing highway system, with conventional rail service pro-
vided for volumes over 60 per day. For import containers the performance criteria would be 
delivery at the new terminal in time for the next available westbound or southbound train. The 
service standard for export containers is delivery at Seagirt before the cut-off time for the chosen 
outbound voyage.

An alternative transport system would have to provide capacity and service comparable to 
truck drayage. The highway distance between Seagirt and Mount Clare is about 8 miles, implying 
a transit time of less than 20 minutes, even with relatively conservative truck speed assumptions. 
Allowing about 15 minutes to exit Seagirt and 15 minutes to enter Mount Clare, a southbound 
trip by truck would take less than an hour. A northbound trip would likely require an additional 
15 to 30 minutes for queuing at the Seagirt gate, giving a maximum of about 90 minutes. Given 
these short distances and overall transit times, speed does not appear to be a significant perfor-
mance criterion.

At the start of operations, an average of only about 20 containers per day would move between 
Seagirt and Mount Clare, or about 3 per hour during the day shift. System capacity would not be 
an important criterion at this level of traffic. Planning documents anticipate that about 10,000 
containers per year would move between Seagirt and Mount Clare in 2015. At a nominal annual 
growth rate of 5%, the total would reach 20,790 by 2030, the equivalent of 83 containers per day 
or 10 to 12 per hour during the day shift. Given that the nominal capacity of most advanced 
fixed-guideway technologies is at least 60 per hour (1-minute headways), even by 2030, capacity 
would not be an important criterion.

Economic Criteria.  Except for the Maryland DOT contribution, facility users, shippers, and 
receivers will ultimately fund the costs associated with establishing the service through rates 
primarily paid to CSX and drayage providers. These costs include the direct operating cost of 
the service, the capital costs of building the facilities, and the financial costs associated with miti-
gating the social impacts. Shippers will use the service only to the extent that it provides better 
service and/or lower costs than other options.

An important cost criterion is the total cost of owning and operating the terminals used 
to service this traffic. Each system and terminal combination will have a unique financial cost 
based on the mixture of land, labor, and capital cost inputs. Suburban sites were rejected partly 
because of construction cost estimates of $140 to $325 million. The current cost estimate for the 
Mount Clare site is about $90 to $95 million. Transport system development costs that raised 
the total to $325 million or more would exceed the same budget threshold as the suburban sites, 
implying that the transport option should not have capital costs of more than $230 million and 
preferably much less.

The baseline transport cost criterion for the service is the total cost charged by drayage car-
riers to serve the facility. This is highly dependent on the site selection, and for international 
cargo would likely be minimized by the location nearest Seagirt. However, because international 
cargo is a small share of the total to be handled at the CSX facility, the site with the lowest total 
transport cost may not be the same as the site with the lowest international transport cost. Truck 
drayage cost is a function of travel time and mileage. The operating cost of a transport alternative 
should at least be close to the truck drayage cost to remain competitive.
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Environmental Criteria.  Environmental criteria would include standard measures of anti-
cipated PM, SOx, and NOx emissions at key locations within the community. CO2 emissions are 
important, but are of broader scope than a local issue.

Social Criteria.  The social criteria are essentially encompassed by the need to reduce or miti-
gate the impact of trucks on the Mount Clare community. Precedents based on Southern Califor-
nia experience would indicate that projects should be planned to include measures that not only 
mitigate project impacts, but also reduce the impacts already occurring. Drayage to and from the 
new terminal will have social impacts and therefore consideration should be given not only to 
making improvements in air quality, traffic, and noise an element in the container transportation 
decision, but also to improving environmental and social conditions in the neighborhood as a 
result of this development. Community impacts and related quantifiable measures include

•	 Neighborhood resources as measured by estimated prospective property values.
•	 Traffic and traffic safety as measured by anticipated accidents and traffic volume and congestion 

ratings at truck access route intersections.
•	 Noise as measured in decibels at key neighborhood locations.
•	 Light as measured in lumens at key neighborhood locations.

These measures are all objective and able to be quantified and/or modeled. The more difficult 
aspect is developing a consensus regarding weighting factors on the measures, particularly because 
the stakeholders have divergent interests.

Technology Readiness

The desire of the stakeholders to implement a solution by 2015 requires a high TRL and SRL. 
Even if the 2015 goal is relaxed to 2020, any technology used must be effectively mature to be 
incorporated in infrastructure planning, financing, contracting, and construction. No serious 
consideration would be given to options that are technologically immature. This would eliminate 
any technology that has not advanced beyond the prototype stage and any site for which federal 
financial participation would be required. The federal process would necessarily extend beyond 
the desired implementation date. For purposes of this study however, this criterion has been 
waived. Otherwise, no advanced transport technologies (e.g., fixed-guideway, LSM, or electric 
truck) would pass the initial screening and the proposed evaluation method would go untested 
past the screening step.

Minimum Requirements

For this project to proceed, each of the key stakeholders has minimum requirements.

For CSX, the motivation is quantifiable, increased profit. CSX likely sees some competitive 
advantage from a new terminal, particularly if double-stack rail intermodal access can be provided. 
To accomplish this goal, the intermodal terminal must be located south of the Howard Street Tun-
nel. Direct rail access to the National Gateway Corridor is mandatory, as is convenient access to 
the Interstate Highway System. The land parcel must be of sufficient size and shape to permit the 
terminal to process the required volume of traffic. The Mount Clare site is relatively small, about 
70 acres, but can serve the required throughput using the latest, costliest, high-density container 
terminal technologies.

Maryland’s motivation is job creation, and MDOT is willing to spend public funds and political 
capital for this project in a measure consistent with the increase in the commonwealth of the state. 
The current contracts limit the state’s direct investment to $30 million. The jobs and economic 
development would (presumably) remain in Maryland, regardless of the final site and transport 
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choice. MDOT would therefore likely support any transport option that would allow the terminal 
project to proceed, advance the state’s freight plan goals, and not require direct state investment 
over $30 million.

The City of Baltimore’s contribution is political capital, and it faces a complex balance of politi-
cal priorities and divergent social and environmental interests. The City must balance the value 
of local job preservation and expansion and promotion of the Port of Baltimore with the social/
environmental needs of one of the city’s neighborhood communities. The City of Baltimore is 
not making a financial investment in the facility, but stands to gain/lose tax revenue based on the 
location decision. If CSX and the state were to seek to locate outside Baltimore, not only would 
Baltimore object, but any local community would face similar social and impact issues. The City 
would likely favor a transport solution acceptable to the Mount Clare community and would 
thereby retain the facility in Baltimore.

These observations together imply that community acceptance of the Mount Clare terminal 
development is the critical issue. The minimum requirement for a container transport option 
is that it increase community acceptance. Transport options that reduce community acceptance 
compared to default truck drayage would not be of interest to stakeholders or decisionmakers, 
regardless of other features. To improve community acceptance over truck drayage, an alterna-
tive transport option must

•	 Reduce the number of trucks moving through the Mount Clare community.
•	 Reduce local emissions and noise.
•	 Minimize the need for new, potentially objectionable infrastructure.

The effectiveness of a proposed system in increasing community acceptance of the Mount 
Clare terminal development is therefore the critical minimum requirement for screening. Pro-
posals that would not significantly increase community acceptance of the terminal project would 
be screened out, because they would not solve the problem facing the decisionmakers.

Weighting.  As with the LA/LB case, it was determined that neither the need for criteria 
weighting nor the necessary information for criteria weighting existed in the Port of Baltimore  
case. With increasing community acceptance of the Mount Clare terminal as an overriding 
objective, the evaluation tends to become a yes/no dichotomy, rather than a ranking or rating 
exercise. If two or more transport options had clear potential to increase community acceptance 
there might have been a need to weight criteria and consider tradeoffs; however, that was not the 
evaluation outcome.

Defining the Baseline

The default or baseline alternative is truck drayage via public highway using 2007- or 
2010-compliant “clean” trucks (diesel or alternative fuel). CSX has tentatively agreed to operate 
conventional rail intermodal shuttle trains between Seagirt and Mount Clare when there is suf-
ficient volume for an efficient train size. The 1.7-mile Howard Street Tunnel in central Baltimore 
lacks sufficient clearance for double-stack rail cars or for the installation of catenary to electrify 
the line. With expansion prohibitively expensive and perhaps infeasible, CSX is limited to con-
ventional or third-rail electric single-stack rail operations.

Air Quality.  Air quality is an important criterion and the baseline for highway drayage 
is evolving. The evaluation process must consider that the air pollution levels of 2015 will be 
reduced over the life of the facility as the current fleet of drayage tractors and locomotives is 
rebuilt or replaced.
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A similar evolution is occurring in the rail industry. Post 2015, diesel locomotives manufac-
tured or remanufactured in the United States will use high-efficiency catalytic after-treatment 
technology to meet mandated “Tier III” standards. EPA estimates that when fully implemented, 
the rule will cut PM emissions from these engines by as much as 90 percent and NOx emissions 
by as much as 80 percent.24

The rail industry is testing prototypes of locomotives that operate on various combinations of 
diesel and LNG. For example, General Electric and CSX have been testing low-pressure natural 
gas technology since the spring of 2013. The firms are working with other industry partners to 
use natural gas to maintain high engine performance while reducing emissions and fuel cost. 
According to CSX, “An Evolution Series locomotive equipped with the NextFuel Natural Gas 
Retrofit Kit meets US EPA Tier 3 emission standards.”25

GHG Emissions.  GHG emissions are basically a function of fuel use. The baseline system for 
moving containers between Seagirt and Mount Clare would be diesel trucks, with diesel locomo-
tives taking over after a given volume threshold, so baseline GHG use would correspond to the 
diesel fuel used in those trips.

Community Impacts.  Community impact emerged as the single most critical criterion. 
With no existing rail intermodal facility in the affected community, the baseline for container 
truck trips and congestion is effectively zero.

Candidate Technologies

Truck Drayage Scenarios

An option available to stakeholders is to seek to accelerate drayage technology adoption ahead 
of EPA standards. This will likely require continued and perhaps increased funding of programs 
such as the Port of Baltimore’s “Clean Diesel” conversion effort. At this time several technologies 
are competing and it is unclear which technology will emerge as superior:

•	 Conventional truck tractor drayage using 2010-compliant diesel engines (base case).
•	 Conventional truck tractor drayage using LNG or hydrogen-hybrid engines. LNG technology 

is being tested operationally at present. Hydrogen-hybrid technology is in the prototype stage 
at present.

•	 Electrically powered truck tractor drayage using wayside power and battery power in com-
bination. Battery-powered drayage tractors are in the prototype stage at present. Wayside 
power would require an additional investment to establish the capability along the truck 
route.

Rail Shuttle Scenarios

As with drayage tractors, rail locomotives are getting cleaner. Prospective rail options include

•	 Conventional rail intermodal service using Tier III diesel or LNG locomotives.
•	 Electric rail intermodal service (zero-emissions). Catenary would require an extensive invest-

ment to electrify the route. Vertical clearances in the Howard Street Tunnel may be a techni-
cal problem. The LSM system could be established in the existing track infrastructure. This 
technology has not yet been successfully prototyped.

24 http://www.epa.gov/otaq/locomotives.htm
25 http://www.csx.com/index.cfm/media/press-releases/csx-and-ge-transportation-partner-to-pilot-liquefied-natural-gas-
locomotives/
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Advanced Fixed-Guideway Scenario

The research team used a generic fixed-guideway system concept for the Baltimore case study 
because there have been no actual fixed-guideway proposals. Features of the concept were com-
piled from the data assembled in the LA/LB case study and presented in Appendix C. The most 
salient aspects of a fixed-guideway technology in this case study are

•	 Zero tailpipe emissions and reduced GHG emissions.
•	 Nominal capacity of 60 containers per hour in each direction (1-minute headways).
•	 The need for a new exclusive right-of-way between Seagirt and Mount Clare.

Screening Candidates

The goal of the screening process is to efficiently eliminate options with fatal flaws or which do 
not meet the minimum requirement of improving community acceptance of the Mount Clare site.

For both screening and more detailed analysis, the research team used the same sources and 
data compilation as in the LA/LB case study. The technical, performance, and cost factors devel-
oped by the research team and presented in Appendix C were applied and adjusted as necessary 
to fit the Baltimore case study circumstances. As the following section illustrates, the inputs to 
the screening process were primarily the fundamental technology and systems characteristics of 
the potential solutions.

The influx of additional drayage trucks is a major stumbling block to community acceptance 
of the Mount Clare site. An option that reduces emissions but does not reduce the number 
of trucks fails to satisfy the minimum requirement. For a truck drayage scenario to be more 
acceptable to the community, the scenario would have to divert the trucks to a new roadway, off 
the city streets. Cost and feasibility will then become binding constraints.

Shifting all movements to rail would remove international drayage trucks from Mount Clare. 
If the rail movements were more acceptable than the truck movements, there would be a net 
improvement. Tier III diesel or LNG locomotives would have lower emissions, but would be 
(presumably) just as noisy and just as disruptive to the community (assuming current disrup-
tion). Electric rail shuttles would both divert trucks from the streets and reduce noise. Cost and 
feasibility of electrification would then become the critical concerns.

In common with rail shuttles, these options would take trucks off streets and highways and 
divert them to a separate guideway. Electric power would eliminate local emissions and reduce 
noise. The critical issues for advanced fixed-guideway systems would be cost, feasibility, and 
community acceptance of the additional infrastructure.

The three options that passed the screening step above were considered to be the evaluation 
candidates.

Analyzing Candidates

Advanced Drayage Technology

If free-running drayage using conventional technology is unacceptable, can advanced drayage 
technology be part of a program of mitigation and remediation that would address the social 
concerns of the neighborhood? Advancing drayage technology can yield material improvements 
in both air quality and noise reduction.26

26 Noise reduction in vehicles generates new safety issues for pedestrians. See Professional Safety Article: https://www.asse.org/
professionalsafety/docs/Fender_0111.pdf
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The first and easiest option available to stakeholders is to seek to accelerate drayage technol-
ogy adoption ahead of EPA standards. This will likely require continued funding of programs 
such as the Port of Baltimore’s “Clean Diesel” conversion effort. The 2010-compliant diesel 
engines are dramatically cleaner than the models they replace.

CSX has identified its support for a voluntary clean truck program. CSX could go further and 
make commitments similar to those being made by BNSF in Southern California in the effort to 
develop the Southern California Intermodal Gateway (SCIG) project as follows:27

. . . only trucks meeting the Port’s CAAP goal of 2010 or newer will be used to transport cargo between the 
marine terminals and the facility. In addition, BNSF is going beyond the CAAP and will also require that by 
2023, 75% of the trucks moving cargo between the marine terminals and SCIG will be LNG or equivalent 
emissions vehicles, and by 2026, 90% of the truck fleet serving SCIG will meet this requirement.28

The BNSF’s commitment allows for emergence of new technologies over the next decade; 
such technologies may be superior to LNG-powered drayage.

New Road Infrastructure.  Free-running drayage options using existing public streets and 
highways cannot address community concerns over traffic congestion, emissions, and noise. Nor 
do highway drayage options address MDOT’s concern with minimizing VMT. Adding capacity 
to existing roads in the vicinity of the Mount Clare site and between Mount Clare and Seagirt, if 
feasible, would reduce congestion but not emissions or noise. Moreover, community stakehold-
ers are unlikely to be receptive to street and road projects designed to accommodate more trucks. 
Although the Mount Clare terminal development would likely include road and intersection 
improvements on the approach and entry routes, road infrastructure improvements alone are 
unlikely to satisfy stakeholder objections.

An electric truck option would require new roadway, as well as electrification, to divert trucks 
from existing streets. In the absence of actual right-of-way studies, the research team used the 
same I-95 alignment shown in Figure 7-9.

Capital Cost.  The capital cost was estimated from the cost model compiled by the research 
team. From that cost model, two lanes of elevated freeway over the 6.5 miles shown would cost 
roughly $410 million, not including the extra cost of widening the Fort McHenry Tunnel. Catenary 
would add another $33 million, for a total of at least $430 million. This total exceeds the $225 mil-
lion top-end threshold by a large margin, making this option financially infeasible.

Conventional Rail Technology

The most straightforward way to keep drayage trucks off the highways is to move all contain-
ers by conventional rail. If the rail lines in question would otherwise have excess capacity, or suf-
ficient capacity for other expected traffic in addition to the international containers, then there 
would be no need for additional infrastructure or capital investment. Existing international 
containers are already moving over those lines and CSX has agreed to run shuttle trains when 
justified by volume, so it appears that the lines have the required capacity.

Zero-emissions solutions are available or on the horizon either through a system of electrifica-
tion or LSMs. An overhead catenary system may not be feasible because of the vertical clearances 
of the Howard Street Tunnel. However, a “third rail” solution would appear to be operation-
ally feasible. The advantages would include improvement in air quality and reduction in noise 

27 http://bnsfconnects.com/pages/faq1/
28 BNSF has also gone beyond CSX’s current commitments regarding terminal operations promising ultra-low emissions 
switching locomotives, and low-emission yard equipment in addition to electric cranes.
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associated with an electrified system without impeding the rest of the rail traffic that uses the 
tunnel. The cost would include fencing the electrical right-of-way to mitigate the safety risks. 
This technology is mature.

Several firms are developing systems using linear synchronous motors (LSM) retrofit within 
existing rail tracks to move containers on railroad flatcars. The system does not have the special 
safety risks associated with the third rail. As the LA/LB case study notes, however, the technical 
feasibility of LSM retrofits to conventional rail systems has not been demonstrated, and there 
are serious doubts.

Capital Cost.  Based on the research team’s research, the cost of catenary and associated elec-
trical supply and control infrastructures would be roughly $1.8 million per mile for the 6.5-mile 
route or $12 million total. To that would be added the costs of at least two electric locomotives 
at approximately $2 million each, bringing rough capital costs to around $16 million. This total 
is within the low end of the sponsor’s cost threshold. At a nominal 3% interest rate on $16 mil-
lion in bonds, the annual debt service would be $.48 million, or about $23 per container trip for 
20,780 trips in 2030.

Fixed-Guideway System

The third option is to construct a new dedicated fixed-guideway for advanced-technology 
propulsion (e.g., Maglev, LIM, and LSM). This option faces myriad obstacles of geography and 
legacy infrastructure. These new systems would need to connect directly to the Mount Clare 
terminal to avoid city streets.

The most dramatic of the possible new technologies, an advanced-technology fixed-guideway 
system, would require the development of a new right-of-way. For the Seagirt to CSX Inter modal 

Figure 7-9.  Fixed-guideway routing option.
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terminal service, Baltimore and the Chesapeake Bay present formidable barriers. In addition, 
the 3,200 acre Baltimore Washington International Airport is a major barrier south of the city.

The same methods used for more than a century in Baltimore and in large cities through-
out the world would be required: a combination of bridges, elevated freight guideways, sub-
ways, trenches, and tunnels. Baltimore’s existing transportation infrastructure has examples 
of each of these approaches applied in previous generations. Unlike dedicated passenger rail 
infrastructure, these ways will need to carry heavily loaded freight containers. One fully loaded 
international container can weigh up to 85,000 lb, as much as 500 150-lb passengers.

The social issues associated with elevated railways and highways are significant, primarily 
related to the physical barriers they create within cities and neighborhoods. Elevated systems 
are often viewed as unsightly. Social opposition has substantially impeded the development 
of elevated urban transportation infrastructure of all types, and over the past 60+ years there 
have been many cases where previously developed elevated infrastructure has been removed. 
Examples include removal of the 6th Avenue elevated in New York City prior to World War 
II, removal of elevated freeways in the San Francisco Bay Area after the 1989 earthquake, and 
the “Big Dig” project in Boston that replaced an elevated highway system with a tunnel system.

One option for a new right-of-way is illustrated in Figure 7-9, paralleling I-95. As with I-95, 
this would likely need to be a combination of a tunnel to avoid the Ft. McHenry historical site 
and an elevated system similar to that which is present today. For the Mount Clare site this 
means service via a second elevated right-of-way. The advantage is that neighborhood streets 
would be avoided.

In this particular case, developing a new guideway would be as, or more, complex and costly 
than simply dealing directly with the challenges of expansion of the Howard Street Tunnel, 
which would have to be reconsidered in conjunction with a new set of possible sites on the north 
side of Howard Street.

Advanced propulsion technology on a separate fixed-guideway faces multiple barriers in 
application to container transport between Seagirt and Mount Clare.

Infrastructure Cost.  At an estimated cost of around $196 million per mile, including 
facilities and vehicles, the 6.5-mile route described above would cost roughly $1.28 billion. 
The other route options, which involve bridges, would likely cost even more. A cost of this 
rough magnitude greatly exceeds the threshold cost increment of $230 million established 
above. The four original suburban sites were eliminated from consideration at costs far below 
this estimate.

Feasibility.  Even assuming technical feasibility of an advanced fixed-guideway system, the 
feasibility of construction between Seagirt and Mount Clare is questionable. The path shown in 
Figure 7-9 follows the alignment of Keith Avenue, which is elevated between Seagirt and the east-
ern entrance of the I-95 tunnel. Between there and the western tunnel opening, the alignment 
would have to cross an arm of Chesapeake Bay near Fort McHenry, necessitating a new tunnel 
at very high cost if feasible at all. From there to Mount Clare the alignment follows I-95, which 
for much of the route is elevated without a median or shoulders. Other routes would encounter 
similar obstacles.

Terminal Integration.  Unless the new technology could be efficiently integrated in the 
Mount Clare terminal design, the fixed-guideway system would need its own loading/unloading 
capabilities there. This requirement would strain the already tight footprint (70 acres) and add 
significant capital and operating cost.
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Capacity Utilization.  The nominal capacity of most conceptual fixed-guideways is 60 con-
tainers per hour in each direction (1-minute headways). About 10,000 containers per year are 
expected to move between Seagirt and Mount Clare in 2015—5,000 in each direction. At a nomi-
nal 5% annual growth rate, that number would reach 20,790 by 2030, the equivalent of 83 con-
tainers per day over a 250-workday year. A fixed-guideway system would therefore be used at 
a small fraction of its potential capacity. Moreover, at a nominal 3% annual interest on bonds, 
a $1.28 billion investment would have annual debt service costs of about $38 million, or about 
$1,850 per container trip in debt service alone.

Operating Cost.  As shown in Table 6-9, the estimated operating cost for a comparable 
Southern California fixed-guideway system is $315 million annually with a volume of 1.8 to 
2.5 million annual containers. This estimate implies a unit cost range of $106 to $143 for the 
6.5-mile Seagirt/Mount Clare trip, if the operations could be scaled to the much lower Baltimore 
annual volume. In contrast, the estimated cost of conventional truck drayage is about $80 for 
the one-way trip. It is highly unlikely, therefore, that Baltimore customers would be willing to 
use a much more costly fixed-guideway system. An advanced fixed-guideway system is therefore 
unlikely to divert many trucks from the streets.

To the line-haul cost estimate of $106–143 above must be added the costs of loading a con-
tainer onto the train on one end of the trip and unloading it at the other. Research team esti-
mates suggest a range of $50–100 per lift, or $100–200 for the Seagirt-Mount Clare trip. The lift 
cost above exceeds the estimated truck drayage cost (which explains CSX’s preference for truck 
drayage, especially at low volumes). A rail shuttle, then, would be unable to compete with truck 
drayage, even ignoring capital costs. It is unlikely, therefore, that a rail shuttle could attract sig-
nificant truck traffic from city streets in a competitive market.

Evaluating Candidates

Although the three options analyzed here could all ameliorate community concerns over the 
Mount Clare terminal, none could do so cost-effectively. Of the three options, only electrifica-
tion of existing rail operations is remotely financially feasible. The infrastructure required to 
divert containers from truck drayage on city streets to electric truck drayage on new roadways 
or advanced fixed-guideway systems is far too costly for the stakeholders and the resources they 
are willing to commit. Debt service on infrastructure bonds alone would exceed the competitive 
cost of truck drayage.

The operating costs of the rail shuttle and advanced guideway options exceed the competitive 
cost of truck drayage by a substantial margin. These options would be unable to attract container 
movements from truck drayage in an open market.

The feasibility of the additional roadway for electric trucks and new guideway for advanced-
technology systems is highly questionable. Linking Seagirt and Mount Clare involves either 
crossing an arm of Chesapeake Bay at Fort McHenry or finding a new path through urban 
Baltimore. In this connection it is instructive to observe that if a new right-of-way could be 
found, the Howard Street Tunnel might be bypassed and the terminal location problem solved.

A common limitation on the ability of any option for Seagirt-Mount Clare container trans-
port is that international containers account for only 10% of those handled now at Seagirt 
and would likely account for no larger share at Mount Clare. The community concerns  
over the proposed Mount Clare terminal development are attributable more to the 90% of 
the traffic that will be domestic and that will not be ameliorated by any of the options dis-
cussed here.
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With only one reasonable candidate solution for the problem, there was no need to rank or 
rate alternatives.

Findings

Based on the information available and on the established positions and policies of the stake-
holders and decisionmakers, there is no new technology or transport system that can by itself 
reduce community impacts to a point where the Mount Clare terminal development would be 
clearly acceptable to the community. None of the technologies or systems makes the trucks or 
terminal go away.

Use of the existing rail right-of-way for international cargo moving between Seagirt and CSX 
Intermodal is already part of the project proposal. As has been mentioned, air quality could be 
improved in parallel with the implementation of ever cleaner locomotives. Also, more frequent 
operation of the rail shuttle system would reduce the number of trucks on streets of the impacted 
neighborhood.

Conclusions

Infrastructure issues were paramount in the Baltimore case study. Advanced technologies that 
require new fixed-guideways face substantial barriers:

•	 Guideway feasibility. At legacy ports, particularly those set in developed urban areas, the 
feasibility of locating and developing right-of-way for a new guideway is often questionable. 
In the Baltimore case, a new guideway would require bridges, tunnels, or building through 
dense urban areas.

•	 Infrastructure cost. The very high unit cost of new, elevated, high-technology infrastructure 
puts the initial system investment in the same realm as a new passenger transit system. The 
cost estimates show that it would be impossible to recover the capital cost from revenues in a 
competitive environment—a circumstance also shared by transit systems.

•	 Capacity. The high initial cost of advanced fixed-guideway systems can only be justified by 
very high throughputs, which may not be achievable. The relatively low expected volume of 
container trips in the Baltimore case would leave such a system seriously underutilized.

Fundamentally, advanced technologies are unsuited for moving a low volume of containers 
through a developed area with inherently high infrastructure costs.

The Baltimore case study suggests a more promising role for technologies, such as in-track 
LSM or wayside electrification (for trucks or trains) that could be retrofit to existing rail or high-
way infrastructure. Where the primary goal is to reduce emissions, GHG, and noise, rather than 
to increase capacity, electrification of existing infrastructure could become a competitive option. 
Of these options, only conventional rail electrification (via catenary or third rail) is a mature tech-
nology, with truck electrification at a lower TRL and LSM retrofits lower still. These technologies 
would face some specific implementation issues related to safety and clearances, which in the 
Baltimore case are exemplified by the Howard Street Tunnel.

Evaluating Alternatives for Landside Transport of Ocean Containers

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22136


133   

Overview

Advanced inland container transport technologies have been proposed as solutions to the 
capacity, congestion, and emissions issues facing marine container ports in dense urban envi-
ronments. The proposals to apply advanced fixed-guideway technologies to inland container 
transport were generated by the desire and perceived need in Southern California to move con-
tainers with zero local emissions and to take them off existing roads. These issues led Southern 
California ports and planners to search for a ZECMS that could supplement or replace conven-
tional diesel truck drayage over public highways.

The research team found that, as of early 2014, no zero-emissions container transport systems 
existed, nor were any planned in sufficient detail to be constructible. The proposed container 
movement technologies were, for the most part, drawn from passenger systems using Maglev, 
LIM, or LSM propulsion (e.g., rail transit and people-mover systems). As of early 2014, there 
have been no proposals for a complete system including the terminals, handling equipment, 
infrastructure network, and controls needed to replace truck drayage. Most technologies 
are conceptual; a few have been tested in prototype or model form. Terminal designs are 
conceptual at best.

A definitive evaluation of ZECMS options is therefore not yet feasible. The capacity, cost, emis-
sions, and congestion impacts of conventional diesel truck drayage are fairly well known; the equiva-
lent factors for advanced transport technologies are not. There is, however, an ongoing interest in 
alternatives to truck drayage. Accordingly, this research project was sponsored to develop an 
evaluation method that could be used to evaluate future proposals.

Proposed Evaluation Method

The research team adapted conventional evaluation methods from related fields to derive 
a generic approach to evaluate both advanced container transport systems and the more 
conventional systems with which they would be compared. To do so, the research team

•	 Identified the technical and operational elements required in a complete inland transport 
system for marine containers.

•	 Identified the descriptions and metrics required for each element.
•	 Prepared a spreadsheet model to link the required descriptors and metrics and quantify the 

system(s) as a whole.
•	 Located representative values for each applicable descriptor and metric, using defaults from 

comparable experience elsewhere when system-specific values were unavailable.

C H A P T E R  8
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•	 Developed corresponding spreadsheet model inputs for competing container transport systems 
(e.g., conventional electric railroads and low-emissions trucks).

•	 Tested and calibrated the spreadsheet model in two case studies: the Ports of Los Angeles and 
Long Beach, and the Port of Baltimore.

Figure 8-1 presents the basic evaluation steps.

The research team found that this approach can yield useful system comparisons and suit-
ability evaluations for both advanced fixed-guideway systems and truck drayage alternatives. 
The major near-term limiting factor on usefulness and precision is the availability of complete 
and accurate input data, not the method. If and when more concrete system proposals emerge, 
the method will likely be applicable. The other major limitation is the difficulty of quantifying 
and comparing very different non-technical factors such as congestion relief, neighborhood 
disruption, safety, security, and emissions reduction. The research team explored numerous 
approaches to quantifying and comparing these diverse costs and outcomes. In common with 
most such comparisons, however, there is no perfect method.

Case Study Implications

Overall Assessment

The generic evaluation method developed in this study and followed in the two case studies 
appears to be valid, with the challenges coming in application rather than theory.

DEFINE GOALS

SELECT & WEIGHT CRITERIA

DEFINE BASELINE

LOCATE POTENTIAL CANDIDATES

ASSEMBLE SCREENING DATA

SCREEN 

IDENTIFY EVALUATION CANDIDATES

ASSEMBLE EVALUATION DATA

ANALYZE

EVALUATE

CHOOSE BEST CANDIDATE(S)

Figure 8-1.  Evaluation 
method structure.
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Defining Goals

Careful attention to goal definition and a rigorous analysis of the issues before considering 
the options was critical in the case studies, as anticipated. In both cases, the operative goals went 
well beyond the technical challenges and ruled out some major options even if they could have 
satisfied the technical criteria.

Diverting port drayage trucks from existing streets and highways was an overriding concern in 
both cases. The ability of a proposed solution to divert trucks depends initially on capacity, and 
those options that did not provide new capacity (or use existing excess capacity) were screened 
out before technical or economic comparisons. In the absence of compulsion, new systems have 
to be cost-competitive and service-competitive with baseline truck drayage to divert trucks. Sys-
tems with inherently high capital or operating costs, particularly intermodal systems that require 
additional transfers, cannot be expected to divert trucks. 

Minimum Screening Criteria

Rigorous investigation of goals leads to equally rigorous specification of screening criteria, 
such as the need for new capacity. Essentially, minimum screening criteria should establish 
whether or not an option would, if successfully implemented, solve the problem or move stake-
holders closer to their goals. If not, as in the case of options that would not increase capacity, 
cost and other factors are not relevant.

Time Frames and Technological Readiness

Decision and development timeframes are typically among the screening criteria, because 
stakeholders will not wait indefinitely for a solution. Advanced container transport systems are at 
low TRLs, and at even lower SRLs. The research team had to reformulate the case study questions 
to bypass the near-term focus, because otherwise all of the advanced technologies would have been 
screened out at the start of the analysis. The 2011 LA/LB Roadmap took a pragmatic approach 
and indeed screened out advanced fixed-guideway technologies on that basis (Figure 8-2).  

Figure 8-2.  LA/LB Roadmap study summary matrix.

Source: “Request for Concepts and Solutions for a Zero Emission Container Mover 
System—Findings and Recommendations,” memorandum from Eric C. Shen, August 2, 2010.
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Whether expressed as TRL, “constructability,” “implementation horizon,” or in other terms, the 
near-term availability of a given solution is a major concern.

The uses of “constructability” and related concepts as screening criteria are directly related to 
the handling of technical risk. Constructability can encompass technology readiness, the certainty 
of an available right-of-way, engineering feasibility, and other factors that when compiled give 
decisionmakers insight into the likelihood of successful implementation in the chosen time frame.

The evaluation method developed in this project proved applicable and useful in the Los 
Angeles-Long Beach and Baltimore case studies. The basic steps shown in Figure 8-1 were fol-
lowed as far as possible in the case studies. In both cases, however, the research team had to 
re-define the evaluation goal to focus on potential long-term applications of advanced fixed-
guideway technologies. These technologies cannot address the near-term problems of emissions, 
capacity, and congestion because they are not technologically ready for implementation. With 
a near-term implementation horizon, these technologies would have been screened out early in 
the evaluation process and the method itself would have remained largely untested. The 2010 
RFCS and 2011 Roadmap analyses conducted for and by the Southern California ports reached 
the same basic conclusions: the proposed technologies were not ready. 

Implications for the evaluation method and how it is applied are summarized in the following 
sections.

Time Horizon.  The case studies highlighted the time horizon as a key factor in the evalu-
ation process. The time horizon was explicit in the Baltimore case: the Port was seeking to add 
capacity in time for the opening of the new Panama Canal locks (then scheduled for 2015). The 
time horizon was less explicit in the LA/LB case, but the 2011 Roadmap analysis concluded that 
readiness of advanced fixed-guideway solutions was both distant and uncertain while the Ports 
faced near-term challenges that took priority.

Performance Uncertainty.  The LA/LB case study found that the capacity of advanced fixed-
guideway technologies to relieve congestion at a competitive cost is in doubt. Under these cir-
cumstances it is difficult to justify port or stakeholder investments in the technologies or in 
infrastructure to eventually accommodate them. The I-710 Alternatives Analysis reached this 
same conclusion, finding that other technologies (e.g., battery or electric trucks) were more likely 
to be ready within the planning horizon and to yield the expected capacity and performance.

Until questions of potential performance and cost characteristics can be answered with rea-
sonable confidence it will be difficult for proposed fixed-guideway technologies to either advance 
further or be permanently eliminated as container transport options.

Goal Definition and Applicability.  Goal definition, or its flip side—problem definition, 
emerged as a crucial step in the case studies. A wide range of goals, objectives, and purposes 
have been set forth for new container transport systems. Chief among these have been emissions 
reduction, congestion relief, and capacity enhancement.

The research team found in the LA/LB case study that fixed-guideway technologies

•	 Could offer only minimal emissions improvements because of parallel truck improvement.
•	 Might not be able to reduce congestion because they would not be economically competitive.
•	 Were not cost-effective in increasing capacity.

The research team found in the Baltimore study that the key criterion for success of a new sys-
tem would be reducing truck impacts in the Mount Clare community and that fixed-guideway 
technologies could not be effective in doing so.

A focus on goal/problem definition revealed in both cases that advanced fixed-guideway tech-
nologies could not attain the goal or solve the problem, even if they performed as proposed. 
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This finding suggests that a tight focus and careful specification of the goal to be pursued or the 
problem to be addressed is a vital first step in applying the proposed method. This finding also 
has implications for the inherent suitability of advanced fixed-guideway technologies for inland 
container transport, addressed in a following section. Such technologies may not offer effective 
solutions to the container transport problems facing U.S. ports.

Implications for Advanced Fixed-Guideway Technologies

Although the research team found that it was not yet possible to conduct a definitive evalua-
tion of advanced container transport technologies, the information compiled during the project 
and the results of the LA/LB and Baltimore case studies have numerous implications for such 
technologies in general.

Moving containers between two terminals is a conceptually simple objective, and some related 
fixed-guideway technologies have been proposed to meet that objective. For the most part, these 
proposed technologies draw on a few well-understood propulsion methods—Maglev, LIM, 
LSM, and conventional steel or rubber wheels on rail. There is, however, a large gap—perhaps 
a gulf—between conceptual transport between two terminals and a complete system of guide-
way, vehicles, terminals, and control that can link multiple origins and destinations through the 
legacy infrastructure that surrounds most U.S. container ports.

The broad implications for advanced fixed-guideway container transport systems are sum-
marized in the following sections.

Readiness and Completeness: Technologies vs. Systems

A critical component of the evaluation process is the readiness of each option for implemen-
tation. TRLs provide a relatively straightforward means to compare diverse technologies and 
approaches from a common baseline and would be useful in this application. The TRLs for 
integrated technology planning are summarized in Figure 8-3.

•	 Many of the container transport proposals are in TRL 2, at the conceptual level but based on 
known principles.

Source: “Request for Concepts and Solutions for a Zero Emission 
Container Mover System—Findings and Recommendations,” 
memorandum from Eric C. Shen, August 2, 2010.

Figure 8-3.  Technology readiness levels.
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•	 Some are at TRLs 3 and 4, corresponding to demonstrations of physical feasibility through 
laboratory experiments or testing.

•	 A few of the line-haul technology proposals have attained TRLs 4 and 5 with the development 
and testing of models or prototypes.

•	 None of the alternative technology proposals has reached TRLs 6 or 7 reflecting a shift from 
a laboratory or proving ground environment to first a “relevant environment” and then the 
“operational environment.”

The technologies themselves are thus not yet ready for implementation, and the implemen-
tation timeline for such systems is therefore both long and uncertain. Ports, regional planning 
agencies, and DOTs are generally in the business of implementing existing technologies, not 
supporting the development of new ones with uncertain payoff. A key point in the LA/LB 2011 
Roadmap is that the Southern California ports needed to address existing problems and could 
not postpone action until advanced guideway systems were ready. In the Baltimore case study, 
the Port wanted a solution implemented in time for the opening of new Panama Canal locks 
in 2015. Although that target is likely to be missed by some margin of months or years, there 
was no guarantee that an advanced guideway system could ever be implemented at all, much 
less by 2015. In the Baltimore case, once the deadline could not be met, there was no need for 
such a system at all. The conceptual nature of the technologies and system elements also creates 
substantial technology risk in any public- or private-sector funding efforts.

As became increasingly obvious in the early phases of this research, the biggest shortcoming 
of the advanced technologies is that they are not complete transport systems:

•	 All of the proposals focus on point-to-point line-haul movement of containers.
•	 Few of the proposals address the unloading/loading process needed at the terminals.
•	 None of the proposals addresses the need to merge containers coming from multiple system 

origins or to distribute containers to multiple system destinations.

For each TRL there would be a corresponding SRL as suggested in Table 8-1.

Level TRL SRL

9
Line-haul technology proven by successful 
operation.

Transport system proven by successful 
operation.

8
Line-haul technology qualified through test 
and demo.

Transport system qualified through test and 
demo.

7
Prototype line-haul technology demonstrated 
in operational environment.

Prototype transport system demonstrated in 
operational environment.

6
Model or prototype line-haul technology 
demo in relevant environment.

Model or prototype transport system demo in 
relevant environment.

5
Line-haul technology component validation 
in real environment.

Transport system component validation in 
real environment.

4
Line-haul technology component validation  
in lab environment.

Transport system component validation in 
lab environment.

3
Analytical/experimental proof of line-haul 
technology concept.

Analytical/experimental proof of transport 
system concept.

2
Line-haul technology concept and/or 
application formulated.

Transport system concept formulated.

1
Basic line-haul technology principles 
observed and reported.

Basic transport system principles observed 
and reported.

Table 8-1.  Technology readiness and system readiness.
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Here too, none of the proposed systems have reached SRL 4 or above. Critical systems com-
ponents, such as terminals and control systems, are still in the conceptual stage at best.

Suitability of Advanced Fixed-Guideway Systems

A fundamental conclusion from the LA/LB case study is that the advanced fixed-guideway con-
tainer transport systems proposed to date are ill-suited for moving containers within 100 miles of 
port terminals. These systems lie in a no-man’s land between truck systems more suitable for short 
trips and conventional rail systems more suitable for long trips. Conventional rail systems create 
efficiencies by aggregating shipments into large trains. Research efforts have variously identified 
the minimum distance over which rail systems can compete with trucks at 500 to 750 miles. The 
shortest distances over which rail intermodal systems have had sustained success in competition 
with trucks are typically longer. There were some attempts to establish shorter rail intermodal 
services in the 1980s, but all were eventually abandoned.

Ultimately, high capital costs must be spread over high volumes or long distances to be eco-
nomically competitive. The advanced fixed-guideway technologies proposed to date have low 
capacities relative to highways or conventional railways and do not return sufficient economies 
of scale to be competitive over long distances.

The technologies proposed for advanced fixed-guideway container transport systems are, as 
a rule, based on passenger transit systems. These technologies are generally well-suited to move-
ment of light automated vehicles over short distances with passengers that load and unload 
themselves. The need to load and unload heavy containers with mechanical equipment on 
both ends of the trip dramatically increases the cost and complexity of the system. The cost and 
complexity of terminals and their operations cannot be economically spread over short trips.

These findings suggest that the best use of advanced fixed-guideway systems is likely to be in new 
or rebuilt port complexes without legacy terminals or other infrastructure. The research team used 
the recently constructed container terminal complex at Shanghai as a possible example. In such cases

•	 The cost of new fixed guideways can be compared with the cost of new highways.
•	 The cost and space requirements of advanced fixed-guideway terminals can be compared with the 

same needs of on-dock rail intermodal terminals.
•	 Marine container berths can be configured as multi-user facilities with a common fixed-guideway 

connection or, as in Oakland, grouped around a central core of fixed-guideway facilities.

Although advanced-technology fixed-guideway systems would still face many challenges in 
those applications, several of the unique barriers in the LA/LB case would be absent.

Suitability of Electric Trucks

In contrast, the electric or hybrid electric truck systems using wayside power offer some 
intrinsic advantages in this application:

•	 Relatively low incremental cost. The cost of adding catenary or other wayside power tech-
nologies to existing highways or to new highways being planned (as in the I-710 case) is far 
lower than building new fixed-guideway.

•	 Flexibility. Using the wayside power for part of the trip, battery-electric trucks can go any-
where within battery range on each end. Battery-electric hybrids extend the range further, 
perhaps indefinitely.

•	 Scalability. As the GNA study determined, a system of electrified highways begun as a port 
drayage corridor could eventually be extended to other freight corridors.

•	 Terminal integration. Battery-electric trucks would integrate completely and costlessly with 
existing marine and rail terminals and also with importer/exporter and transloader locations.
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•	 Phased development potential. The highway infrastructure for electrified trucks provides addi-
tional capacity, even before electrification is complete or electric truck technology is mature. 
As the I-710 analysis notes, this provides an opportunity to proceed with new, electrification-
compatible highway infrastructure pending development of other system elements.

•	 Shared vehicle cost. Battery-electric trucks would be owned by trucking companies that 
would thereby share the cost of the system. There is ample precedent for public-sector sub-
sidy for “clean” drayage trucks. The development scenario analyzed here assumes a subsidy 
of $50,000 per truck—substantial, but far less than the total cost of a LIM or Maglev vehicle. 
Moreover, trucking companies will only invest in battery-electric trucks if they can reasonably 
expect to make a profit operating them. The private-sector role thus places a limit on the risk.

•	 Technology readiness. Battery-electric or battery-electric hybrid technology is not yet off-the-
shelf, but it is probably at TRL 5 or 6. Battery-electric drayage trucks have been demonstrated 
in real-world operation, and wayside electrical power is widely used by trolley buses and even 
by heavy-haul mining trucks.

•	 Shared right-of-way. Battery-electric trucks do not need an exclusive right-of-way or a dedi-
cated guideway. This feature increases constructability and allows for capacity utilization by 
other vehicles.

Inherent Fixed-Guideway Limitations

It became increasingly apparent in the compilation of technology descriptions that the devel-
opers faced inherent limitations with fixed guideways in attempting to adapt technologies to 
container movement. The proposals to apply advanced fixed-guideway (e.g., rail) technologies 
to inland container transport typically adapt existing or conceptual passenger systems, rather 
than developing technologies specifically for the task. These passenger technologies, as it turns 
out, appear fundamentally unsuited for transporting containers in the present U.S. port context. 
Issues identified are discussed in the following sections.

Throughput Capacity

Passenger rail transit is typically viewed as a high-capacity alternative to highways. Transit trains 
of 10 cars with 150 passengers in each operating on 5-minute headways can move 18,000 passen-
gers an hour over a single track. By comparison, a lane of highway with 1,200 vehicles per hour on 
3-second headways with 1.7 occupants in each moves just 2,040 passengers per hour.

The calculation, however, changes radically when the system is moving containers. Single- 
container vehicles moving at 60-second headways (the usual proposed interval) over a 
fixed-guideway can handle just 60 containers per hour. The highest proposed capacity for 
a fixed-guideway system is for 10-container vehicle consists at 90-second headways, or  
400 containers per hour. It is not certain that such an operation is at all feasible, given the stopping 
distance required by an 800,000-pound consist of 10 fully loaded containers. Moreover, such an 
approach begins to resemble a conventional railroad rather than an advanced container mover 
technology.

A lane of freeway can handle 1,200 containers per hour on trucks traveling at 3-second head-
ways. This comparison leads to the ironic observation that if right-of-way is available for a new 
system, capacity would be maximized by paving it for trucks.

The ability of fixed-guideway technologies to actually deliver those capacities in practice is ques-
tionable and has yet to be demonstrated in a realistic port environment. ISO containers weigh a 
minimum of about 5,000 lb empty and a maximum of around 80,000 lb loaded, equivalent to 500 
160-lb passengers. A single-container vehicle must therefore be capable of supporting, accelerating, 
and stopping a load equivalent to 3 to 5 loaded transit cars. It may not be possible to do so safely 
on 1-minute headways, particularly at the speeds often claimed for advanced technology systems. 
At a minimum, the container vehicles would need to be far more robust than transit vehicles, with 

Evaluating Alternatives for Landside Transport of Ocean Containers

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22136


Findings and Conclusions  141   

adverse implications for weight and cost. The tight headways might also be compromised by the 
need to allow for vehicle exit and entry in multi-terminal system configurations.

The capacities of highways can be equaled by fixed-guideway systems when such systems resem-
ble conventional railroads. A conventional train of 32 five-unit double-stack container cars can 
carry 320 40-foot containers. On 15-minute headways, such trains can move 1,280 containers per 
hour, equivalent to trucks on a freeway lane. However, it typically takes at least 4 hours to unload 
and reload a full double-stack train on each end of the trip, at a cost of $30 to $50 per container 
move. Such operations are therefore only practical and competitive over much longer distances 
than are considered here (e.g., a minimum of 500 to 750 miles in most instances) to allow the 
loading and unloading time and cost to be spread over a greater distance traveled. There is also an 
implied need for large terminals capable of handling hundreds of containers and multiple trains.

Transit Time

The guideway technologies proposed are all drawn from passenger applications in which short-
haul transit time is very important and where the “cargo” is self-transferring. When applied to 
container transport, these technologies emphasize high speed and automation and, to date, largely 
ignore the need to load and unload the vehicles. High speed over short distances (under 100 miles) 
can be a priority when movement over the rail system constitutes the entire trip. A 100-mile trip 
at 30 to 35 mph over conventional roads can take 3 hours, whereas a 100 mph rail system can 
make the trip in an hour. The difference is likely to be of significant value to a passenger, especially 
one making a round trip. The 2-hour savings, however, is insignificant for a container making a 
15-day, one-way trip between an Asian port and Chicago. The transit time issue recedes further in 
importance when the container is moving between an inbound vessel and a train scheduled for a 
fixed departure. As long as the container meets the railroad’s cut-off time for the train departure, 
reduced transit time is of no value.

Terminal Design and Container Transfer

A major limitation of fixed-guideway technologies in container transport is the loading/unload-
ing function. The speed at which containers can be unloaded and reloaded on any transport vehicle 
is limited by the laws of physics. ISO containers weigh a maximum of around 80,000 lb loaded. 
Quick acceleration and braking of an 80,000 lb object would require massive force, with high likeli-
hood of cargo damage and serious safety consequences. The largest quayside container cranes have 
a hoist speed of only about 4 feet per second (3 mph) with their rated container loads. Steady-state 
productivity for container cranes ranges from 20 to 30 moves/hour, or 2 to 3 minutes per move. 
Mobile lift equipment used in marine and rail intermodal terminals has a similar transfer rate.

ISO containers can only be safely lifted from the top corner castings or supported on the bot-
tom corner castings. They are not designed to be lifted, pushed, or pulled from other points. A 
complete lift-off/lift-on cycle consists of

•	 Positioning the lifting device over the inbound container on the vehicle
•	 Locking the lifting device into the top corner castings
•	 Releasing any attachments to the vehicle (e.g., bottom corner castings from a rail car or twist 

locks on a road chassis)
•	 Lifting the container clear of the vehicle
•	 Transloading the container horizontally to the intended drop point or delivery vehicle
•	 Lowering the container to the drop point or vehicle
•	 Releasing the lift device from the top corner castings
•	 Raising the lift device clear of the container
•	 Positioning the lift device over the second (outbound) container
•	 Lowering the lift device onto the top corner castings
•	 Locking the lift device into the top corner castings
•	 Lifting the container
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•	 Transloading the container horizontally over the outbound vehicle
•	 Lowering the container onto the vehicle
•	 Releasing the lift device
•	 Raising the lift device clear of the container
•	 Securing the outbound container to the vehicle

Assuming that both containers are ready to be transferred and located within reach of the 
lift equipment and that the drop location is adjacent and clear, the unload/load cycle takes a 
minimum of 5 to 6 minutes. To this must be added the time to shift the lift equipment between 
vehicles. These times are incompatible with headways of 1 to 2 minutes or less and imply 
that the vehicle must be taken off the line-haul guideway for loading and unloading. This 
observation means, in turn, that vehicles must be spaced far enough apart on that line-haul 
guideway to allow for other vehicles to enter and exit the stream. The problem quickly increases 
in complexity if there are multiple terminals on each end of the trip, such as at LA/LB.

The terminal operations also add capital and operating costs. Terminals are estimated to cost 
in the neighborhood of $250 million each. Comparable lift costs at rail intermodal terminals are 
typically $30 to $50 at high volumes, and $50 to $100 at lower volumes typical of the systems 
contemplated here. A lift-on at one end of a system and a lift-off at the other end would therefore 
cost $100 to $200 in addition to the one-way line-haul cost and any contribution to capital cost. 
By comparison, current (2014) round-trip truck drayage rates between the Ports of Los Angeles 
and Long Beach and the UP ICTF are $150 to $200.

Some proposals envision direct transfer between vessel and the fixed-guideway system. 
Although perhaps physically possible, such transfers are not practical. Bringing the fixed-
guideway system to the vessel side would be enormously disruptive to vessel operations. Efficient 
direct transfer assumes that vessel stowage has been arranged to suit, which is an untenable 
assumption given the realities of vessel stowage at foreign ports and multiple vessel calls. More-
over, the need for the terminal to sort both inbound and outbound containers requires a buffer 
in the system, supplied by the terminal container yard.

Utilization and Peaking

All of the advanced fixed-guideway technologies proposed to date implicitly anticipate con-
tinuous, automated operations of multiple vehicles on fixed headways. The throughput capac-
ity of such systems is effectively a constant, i.e., 60 containers per hour for a single track with 
1-minute headways between vehicles. Marine terminal container movements, however, display 
marked peaks and valleys in daily and weekly operations that appear poorly matched to the level 
capacity of proposed fixed-guideway systems.

North American marine terminals typically operate a single day shift, e.g., 7AM–4PM or 
8AM–5PM, with extended gate hours or additional shifts scheduled as required. Figure 8-4 
shows a typical pattern of gate movements for a terminal that also closes at lunch time. The peaks 
and valleys during the day are evident. Some of this variability is because of the limited working 
hours—a 24-hour operation would show less peaking in the early morning and late afternoon. 
The late morning “valleys” reflect the time required for trucks to complete their first trip and 
return to the terminal for a second. Although these observations suggest that the most drastic 
peaks and valleys might be moderated, it is also apparent that a fixed-capacity transport system 
could be alternately over-taxed and idled during the working day.

Day-of-the-week peaking is likewise pronounced, and being tied to vessel arrivals and depar-
tures is intrinsic to containerized shipping. Figure 8-5 shows a typical weekly pattern, with ves-
sel arrivals creating container movement peaks on Tuesday, Thursday, and Friday, and valleys 
between vessels on Monday, Wednesday, and weekends.
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Figure 8-5.  Example of weekly container terminal truck arrival peaking.

Figure 8-4.  Example of daily container truck arrival peaking.
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Finally, there are variations during the year, with agricultural movements and holiday goods 
creating seasonal peaks.

This peak-and-valley variability creates difficulties for any fixed-capacity system:

•	 A system capable of handling the peaks will be underutilized during the valleys.
•	 A system sized to the valleys may be highly utilized at most times, but must be augmented with 

other systems during the peaks.
•	 A system sized between the peaks and valleys will be alternately over-burdened and under-used.

These observations suggest that a fixed-capacity system will operate significantly below its 
steady-state design capacity over time, unless it comprises such a small share of port container 
volume that it can always be fully utilized regardless of trade fluctuations.

Flexibility and Scalability

Fixed-guideway systems are inherently less flexible and less scalable than truck drayage using 
public highways. Although port terminals are rarely moved, their configurations and boundaries 
can change over time and new ones are added with some regularity. The pattern of container 
movement can also change with shifting international trade patterns, development of inland rail 
terminals, or emergence of new transloading and distribution facility clusters. Ideally, a fixed-
guideway system (like a transit system) should act as a catalyst to such development, shaping the 
future rather than trying to react to it. Such a strategy is risky, however.

Scalability is also an inherent problem with fixed infrastructure because it is “lumpy” in nature. 
That is, it must be built in complete and usable sections to be of any operational value. In addition, 
such systems are usually slow and costly to expand, reduce in size, or change in any meaningful way.

Flexibility and scalability are especially salient issues in a changeable political environment, 
where new regulations, policy shifts, or other infrastructure projects can quickly change the 
economic and financial environments for better or worse.

Closing Window of Opportunity for Emissions Solutions

The passage of time and technological progress has shifted the relative environmental mer-
its of advanced fixed-guideway technologies and highway drayage. When advanced Maglev 
and LIM technologies were first proposed in 2000 to 2005, the conventional alternative was 
diesel trucks with relatively high levels of criteria pollutant emissions. With EPA-mandated 
improvements in 2007 and 2010, current diesel trucks have far lower emissions and the 
advantages of fixed-guideway technologies have narrowed. The rapidly increasing supply 
and resulting lower cost of natural gas as a transportation fuel has made yet another solution 
to emissions and GHGs available. The emissions advantages of advanced fixed-guideway 
systems disappear completely in comparison with the most recent electric and hydrogen-
hybrid truck technologies. All of these truck technologies are closer to implementation than 
the advanced fixed-guideway concepts. With clean or even zero-emissions trucks here or on 
the immediate horizon, advanced fixed-guideway solutions appear to be relatively distant, 
uncertain, and costly approaches to emissions reduction.

Lack of Precedent for Operating Cost Subsidies

The transit systems from which most of the proposed transport technologies are drawn are 
subsidized because they cannot recover their operating or capital costs from the farebox and 
the services provided are perceived as a public good. There is no precedent for such a subsidy 
for freight systems such as the advanced fixed-guideway proposals analyzed here. The lack 
of a clear subsidy mechanism puts the burden of diverting truck traffic on the commercial 
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characteristics of the technologies, where they compare unfavorably with even the cleanest 
and most expensive trucks.

It is also typical for the transit applications from which these technologies are drawn to have 
relatively high capital costs because of complex engineering, automation, and other features. 
These capital costs are often supported by bonds or grants and paid back from tax revenue and 
other non-farebox sources such as advertising that are unavailable to container transport systems.

Public-private partnerships (PPPs) are often mentioned as potential solutions to infrastructure 
funding dilemmas. To attract private capital, however, PPPs must offer a return on that capital. 
Making an advanced fixed-guideway system “profitable” would require a still larger public subsidy.

System Costs and Regional Priorities

The very high cost of new, elevated, high-technology infrastructure puts the initial system 
investment in the same realm as a passenger transit system. The cost estimates show that it 
would be impossible to recover the capital cost from revenues in a competitive environment—a 
circumstance shared by transit systems. The national shortfall in investment for conventional 
transportation infrastructure suggests that a large investment in landside container transport 
would not be a regional priority, even if funds were otherwise available.

Most jurisdictions have substantial backlogs of unfunded highway and passenger transpor-
tation projects that would likely take precedence over a container transport system. The 2012 
Southern California Association of Governments Regional Transportation Plan, for example, 
calls for a total of $524.7 billion in transportation investments for the next 25 years, including 
$262.8 billion in capital projects. The plan includes $55 billion for passenger transit, $51.8 billion 
for passenger and high-speed rail, and $86.3 billion for highways and arterials. Existing revenue 
sources cover only $305.3 billion, leaving $219.4 billion dependent on new funding sources that 
may not materialize. The research team estimated that a fixed-guideway container transport 
system would add $10 billion to that unfunded burden.

Scale Economies

The need for advanced fixed-guideway systems and the scale economies required to support 
them may simply not exist at most U.S. ports. The high initial cost of advanced fixed-guideway 
systems can only be justified by very high throughputs, which may not be achievable. The relatively 
low expected volume of container trips in the Baltimore case would leave such a system seriously 
underutilized. The Ports of Los Angeles and Long Beach will together handle about 15 million 
TEU in 2014, or roughly 8.5 million containers. Over half of that volume moves between the Ports 
and rail facilities or customer locations within the 100-mile range considered in this project. The 
advanced fixed-guideway proposals originated in this context. Other ports do not have nearly the 
potential scale of the Southern California ports. The next largest port complex, the Port of New 
York-New Jersey, will handle about 5.5 million TEU in 2014, or about one-third of the Southern 
California volume. The Port of Baltimore will likely handle around 700,000 TEU in 2014, or 5% 
of the Southern California volume.

Legacy Infrastructure Barriers

A final major shortcoming of advanced fixed-guideway is the difficulty of integrating such 
systems with existing infrastructure. Major container ports and the surrounding urban areas 
are typically heavily developed, with a profusion of structures, roads, rail lines, and water-
ways over which a separate guideway system would be very difficult to superimpose. Marine 
container terminals have limited footprints and internal infrastructure planned for efficient 
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ship-to-shore and shore-to-rail container transfer that would be disrupted by a new guideway 
operation.

At legacy ports, particularly those set in developed urban areas, the feasibility of locating and 
developing right-of-way for a new guideway is often questionable. In the Baltimore case, a new 
guideway would require bridges, tunnels, or building through densely developed urban areas 
requiring years of permitting and approvals, congestion, noise, and other construction disrup-
tions to the community.

As the following figures illustrate, many U.S. ports have water on one side and urban develop-
ment on the other. The Port of New York-New Jersey is a vivid example: the container terminals 
shown (Figure 8-6) are backed by a major freeway and the Newark International Airport.

The Port of Seattle (Figure 8-7) is at the foot of the downtown business district.

The Ports of Los Angeles and Long Beach (Figure 8-8) are surrounded by development in every 
direction, including multiple freeways, refineries, rail yards, and residential neighborhoods.

Although it may be possible to locate a technically feasible fixed-guideway path through urban 
development of such extent, the capital cost, political cost, and disruption would be enormous. 
Moreover, the magnitude of such a challenge raises doubt regarding feasibility, development 
time, and cost estimates that would be detrimental to a proposed system.

Fundamentally, identified advanced technologies are unsuited for moving a low volume of 
containers through a developed area with inherently high infrastructure costs. The Baltimore 
case study suggests a more promising role for technologies, such as in-track LSM or wayside 
electrification (for trucks or trains) that could be retrofit to existing rail or highway infrastruc-
ture. Where the primary goal is to reduce emissions, GHGs, and noise, rather than to increase 
capacity, electrification of existing infrastructure could become a competitive option. Of these 

Figure 8-6.  Legacy infrastructure surrounding NYNJ container terminals.

Evaluating Alternatives for Landside Transport of Ocean Containers

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22136


Findings and Conclusions  147   

Figure 8-7.  Legacy infrastructure surrounding Seattle container terminals.

Figure 8-8.  Legacy infrastructure surrounding LA/LB container terminals.
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options only conventional rail electrification (via catenary or third rail) is a mature technology, 
with truck electrification at a lower level of technological readiness and LSM retrofits lower still. 
These technologies would face some specific implementation issues related to safety and clear-
ances as exemplified by the Howard Street Tunnel in Baltimore.

Zero-Emissions Are Not Enough: Mount Clare and SCIG

Community concerns over truck movements include the mere presence of more trucks on 
local streets and highways in addition to emissions, noise, and safety. Eliminating emissions and 
reducing noise through alternative fuels or electrification may not be enough to gain community 
acceptance; the trucks must be diverted from local streets and highways.

Although the two case studies exhibit distinct similarities and differences, community accep-
tance is critical in both cases and will have strong implications for transport technologies. In 
Baltimore, the ability of CSX to develop a new terminal at Mount Clare will be largely deter-
mined by how well the proponents can address community concerns such as

•	 The presence of the terminal infrastructure itself
•	 Terminal operations
•	 Truck movements to and from the terminal

In Southern California, the proposed BNSF SCIG terminal faces the same issues. In that case, 
BNSF has already committed to requiring the cleanest possible technology for trucks serving the 
terminal, including whatever zero-emissions technologies are available. Yet SCIG’s development 
is still encumbered with community objections to the presence of trucks and the presence of the 
facility itself.

Just meeting a goal of zero-emissions is not enough in these circumstances and is unlikely 
to be enough in similar circumstances elsewhere. As the Baltimore case study notes, there is 
widespread community dislike of elevated guideways and a history of opposition to them. The 
Mount Clare and SCIG terminals are unlikely to be any more acceptable to the communities if 
elevated fixed-guideway connections are provided.

These observations imply that the high capital cost of new zero-emissions systems, includ-
ing electrified truck systems, may not result in community acceptance unless those systems can 
also take trucks off local streets and highways. Unfortunately, to do so, the new systems would 
have to extend their own infrastructure into the rail or marine terminals. Doing so increases the 
costs, complicates terminal design, reduces flexibility, and—most critically—adds more freight 
transportation infrastructure to the community.

Favorable Conditions for Advanced  
Fixed-Guideway Technologies

The research and case studies also yielded insights into the circumstances under which fixed-
guideway systems are likely to be most competitive with conventional drayage. The applica-
bility of advanced transport systems varies widely with port circumstances. This observation 
becomes apparent in both generic analysis and case studies, and is most relevant to the compari-
son between fixed-guideway systems and flexible highway systems. The capital cost, operational 
complexity, and implementation difficulty of fixed-guideway systems escalates dramatically 
from single point-to-point systems to multi-terminal networks. In particular, the dramatic cost 
and implementation challenges inherent in building fixed-guideway systems in complex, 
developed urban settings suggest that such systems are more likely to be feasible in simpler 
“greenfield” applications. 
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The above considerations imply that advanced guideway technologies are poorly suited to 
replace truck and rail systems at existing ports, but might be more competitive as part of new 
port designs and developments. Unfavorable and favorable conditions for advanced fixed-
guideway systems are outlined in Table 8-2 and discussed in further detail below.

Los Angeles and Long Beach together have 13 active container terminals dispersed along  
5 miles of waterfront, greatly increasing the cost and complexity of any fixed-guideway system 
(Figure 8-8). Ports such as Seattle and Virginia (Norfolk) also have multiple terminals separated 
by land or water. System complexity and cost would be materially reduced if the marine termi-
nals could be served by a single-container transport system terminal. At Oakland, for example, 
the container terminals surround the BNSF and UP railyards (Figure 8-9). As with marine ter-
minals, having multiple inland points on the system adds to cost and complexity.

At Savannah (Figure 8-10), the container terminals are more or less contiguous and could 
conceivably be served by a single connection to a fixed-guideway system (given that they have 
common access to a rail intermodal terminal at present).

The Houston Barbours Cut terminal (Figure 8-11) has no internal divisions except for the 
western portion operated by APM (where the divide is just moveable concrete barricades). 
Barbours Cut is served by a single rail terminal and could likely be served by a single terminal if 
a different fixed-guideway system were introduced.

Large, multi-user terminals are the norm in international container ports. Figure 8-12, for 
example, shows the terminal complex in Amsterdam, with a core of rail facilities in the middle. 
Multi-user terminals of this kind would likely be more conducive to advanced fixed-guideway 
development in addition to simplifying terminal requirements.

Unfavorable Condi�ons Favorable Condi�ons

Multiple separate terminals
Single mul� user or clustered
terminals sharing a system
connec�on

Legacy marine terminals
New, purpose designed marine
terminals

Exis�ng on dock rail
No on dock rail or opportunity to
integrate system

Wheeled container terminals Stacked container terminals
Wheeled inland terminals Stacked inland terminals
Low terminal automa�on High terminal automa�on
Multiple inland points Single inland point
Legacy ROW challenges New or clear ROW context
Elevated (sunken, tunneled) ROW Surface ROW
One weekday terminal shi� (8/5) Mul�ple terminal shi�s (24/7)

Exis�ng truck drayage
No truck drayage, or exclusive system
use

More demand peaking Less demand peaking
Very short distance Medium distance
Very long distance Medium distance
Exis�ng/planned emissions
reduc�ons in competing modes

Unaddressed emissions problem

No precedent for opera�ons
subsidy

Precedent/willingness to subsidize
opera�ons

Table 8-2.  Unfavorable and favorable conditions  
for advanced fixed-guideway systems.
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Figure 8-9.  Port of Oakland configuration.

Figure 8-10.  Port of Savannah configuration.
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Figure 8-11.  Port of Houston Barbours Cut configuration.

Figure 8-12.  Port of Amsterdam configuration.
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Few legacy container terminals could easily add a fixed-guideway transfer point within their 
existing footprint. At a minimum, the terminal would have to surrender a significant portion 
of its long-term throughput capacity to convert existing container yard space to a new use. 
Many terminals would require extensive and costly rebuilding to add a fixed-guideway terminal 
within their perimeters. On-dock rail intermodal terminals are, in fact, fixed-guideway transfer 
points and give some idea of the scale. The on-dock intermodal yard at the Hyundai terminal 
in Tacoma, for example (Figure 8-13) occupies 28 of the 137 terminal acres, or 20% of the 
total footprint. Moreover, an existing on-dock rail terminal may form an obstacle to entry of a 
second fixed-guideway system. The research team did not find that any efforts had been made 
to develop shared terminals that could accommodate both conventional and advanced fixed-
guideway technologies.

“Wheeled” marine and rail terminals in which containers are parked on road-going  
chassis (Figure 8-14) favor truck drayage over fixed-rail systems. Drivers can pick up or drop 
off a container on chassis without the assistance of longshore labor or a lift machine, at a sig-
nificant savings in time and cost. Fixed-guideway systems that require lifts and labor would be 
at a disadvantage.

In stacked terminals (Figure 8-15), transfers to and from trucks should require the same basic 
lift functions as fixed-guideway (or conventional rail) systems would, at least in principle, 
placing the modes on a more equal footing. Marine or rail terminal automation should also 
favor a fixed-guideway system that is itself automated.

As U.S. container terminals increase throughput and transition from steamship line supply 
of chassis, they will likely also tend to shift from wheeled to stacked operation. Many are already 
stacked. In the long run, then, wheeled operations may cease to be barriers to fixed-guideway 
technologies.

Figure 8-13.  Port of Tacoma Hyundai terminal.
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Figure 8-14.  Wheeled marine container terminal.

Figure 8-15.  Stacked marine container terminal.
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A previous section discussed the difficulties faced by system planners in finding routes through 
the legacy infrastructure surrounding most U.S. ports. Marine terminals developed away from 
most existing infrastructure may be more suited to advanced fixed-guideway technologies. 
Examples include the Bayport terminal at Houston (Figure 8-16), the APM terminal at Ports-
mouth (Figure 8-17), and Deltaport at Vancouver, BC (Figure 8-18). The Deltaport terminal 
is a particularly good illustration, because its development involved creation of a causeway to 
carry rail and highway traffic. A new right-of-way such as at Deltaport presents system planners 
with a clean slate.

Most U.S. container terminals work a single weekday shift. This practice would effectively 
constrain a fixed-guideway system to about one-third of its potential capacity, leaving it 
chronically underutilized (as marine terminals often are at present). If the fixed-guideway 
system is automated, the marginal cost of operating it 24 hours daily may be very low. This 
potential capacity would be wasted if it can only operate in conjunction with an 8-hour week-
day terminal shift. Longer terminal operating hours are more common in other countries. 
Fixed-guideway systems would likewise benefit from an even workload, rather than daily and 
weekly peaking.

The need to elevate, depress, or even tunnel the fixed-guideway is another factor in high 
capital costs and difficult implementation. Research team estimates suggest that elevation adds 
around $20 million per mile to capital costs. The nature of electrically powered, unmanned 
systems, however, often leads to elevation to maximize safety. Basically, a decision to auto-
mate and electrify a system is a decision to grade-separate it through developed areas. Although 
some systems have been illustrated with drawings of vehicles operating in the center of freeways 
(Figure 8-19, for example), having such medians and accessing such medians requires advance 
planning. The freeways serving Los Angeles and Long Beach, for example (I-710, I-110, SR103) 

Figure 8-16.  Port of Houston Bayport terminal.
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Figure 8-17.  Port of Virginia APM terminal.

Figure 8-18.  Port of Vancouver Deltaport terminal.
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have only concrete barriers for medians. The main arterials serving Seagirt at Baltimore have no 
medians at all.

Distance poses a problem for fixed-guideway technologies. It is not clear from the informa-
tion that the research team was able to compile that there is a distance range in which advanced 
fixed-guideway technologies could have a competitive advantage. At very short distances, e.g., 
less than 100 miles, their terminal costs and time requirements handicap them in competing 
with trucks. Over longer distances, e.g., 500 to 750 miles, conventional rail becomes a more 
cost-effective and productive mode. These technologies are competitive in the passenger realm 
for short trips between airport terminals or, in the case of BC Skytrain, within a confined metro-
politan area. In the airport application there is often no alternative, and thus no need to com-
pete. The original BC Skytrain LIM system extends about 17 miles from downtown Vancouver 
to King George Station and takes about 40 minutes to make the trip.

A fixed-guideway option would be guaranteed success if there were no truck drayage alter-
native, either because of infrastructure constraints or by regulation (e.g., a port truck ban). 
Although this observation may be irrelevant at existing ports, future terminals could be accessed 
via exclusive-use causeways or rights-of-way rather than public highways.

Electrically powered fixed-guideway technologies (or any electric options) would be more 
attractive where trucks had unaddressed emissions problems. As U.S. EPA diesel emissions stan-
dards tighten and drayage fleets gradually turn over, this will no longer be the case at U.S. ports. 
The issue may have greater impact in developing nations that do not yet have effective diesel 
emissions standards.

Finally, the likely need for substantial capital funding and ongoing operating subsidies implies 
a greater chance for success where there are precedents for such public support. The United 
States has few, if any precedents for permanent operating subsidies for cargo movement. Nations 
with a nationalized port system, steamship line, railroad, or airline may have such precedents or 
be willing to establish a subsidy without an obvious precedent.

These findings suggest that the best use of advanced fixed-guideway systems is likely to be 
in new or rebuilt port complexes without legacy terminals or other infrastructure. Earlier, 
the research team used the recently constructed container terminal complex at Shanghai as a 
possible example. Figure 8-17, as a North American example, shows the recently constructed 

Figure 8-19.  I-710 in Southern California.
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APM terminal at Portsmouth, which is connected to the highway system via a dedicated 
road. This highly automated terminal also has a rail intermodal transfer facility on its north 
perimeter. Unconstrained by surrounding infrastructure, a new terminal of this type could 
present an opportunity to integrate, rather than retrofit, a new technology. Figure 8-16 shows 
the Bayport terminal at Houston, again with little legacy infrastructure to constrain access. 
In such cases

•	 The cost of new fixed guideways can be compared with the cost of new highways.
•	 The cost and space requirements of advanced fixed-guideway terminals can be compared with 

the same needs of on-dock rail intermodal terminals.
•	 Marine container berths can be configured as multi-user facilities with a common fixed-

guideway connection or, as in Oakland, grouped around a central core of fixed-guideway 
facilities.

Although advanced-technology fixed-guideway systems would still face many challenges in 
those applications, several of the unique barriers present in the LA/LB case would be absent.

Point-to-Point “Greenfield” Applications

Point-to-point movement of containers between a single marine terminal and a single inland 
point is conceptually and pragmatically the simplest case for applying alternative container 
transport systems. The application is further simplified in so-called “greenfield” developments 
where there is no legacy infrastructure or background pollution.

These ideal circumstances are most likely to occur in new port developments or stand-alone 
expansions at existing ports. In these cases a “single marine terminal” is likely to be a large multi-
berth, multi-user facility typical of European and Asian ports. These terminal configurations 
offer the opportunity to link with a container transport system at a single common point, or 
along a loop. The inland terminal configuration would likely be similar.

By no coincidence, this system geometry closely matches typical people-mover configu-
rations at airports. These systems commonly operate in loop or semi-loop patterns, with 
vehicles operating at fixed headways in either or both directions. These single configurations 
also favor automated operations, because no switching or merging is required in routine 
operations.

Unlike people movers at airports, however, introducing additional “stops” into container 
transport systems greatly increases the operational complexity. For people-mover systems (or 
rapid transit systems), adding an intermediate stop requires adding a fixed time for passengers 
to get on and off. A typical stopping time for an airport people mover is 25 to 45 seconds, with 
train headways of 2 to 4 minutes. In contrast, the unload/load cycle for a marine container is 
5 to 6 minutes, although the proposed systems have headways of around 1 minute. It is thus 
infeasible to unload and reload container vehicles on the through track. Splitting the configura-
tion into separate unload and load tracks reduces the time to about 3 minutes, but this is still 
too long for on-track transfer.

Greenfield applications also offer the substantial advantage of design freedom, as opposed to 
the far more costly and disruptive alternative of building a new system through a network of 
legacy infrastructure.

Agile Port Applications

The “agile port” concept has multiple meanings depending on the context in which it is 
used. The relevant “agile port” concept for advanced container transport systems is a system 
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that (1) moves import containers from the marine terminal to an inland satellite terminal 
for sorting and onward movement and (2) moves export containers from the inland satellite 
terminal to the marine container terminal itself. Within the agile port concept, a container 
transport system would shuttle the unsorted import containers and sorted export containers 
between marine and inland terminals. In concept, the unsorted movement of import containers 
would free space at the marine terminal and increase throughput capacity within a limited 
footprint. By delivering sorted export containers to the marine terminal in a timely fashion, 
such a system would likewise increase outbound terminal capacity. The closest U.S. example 
is the Virginia Inland Port, which operates as a satellite to the Port of Virginia (Norfolk/ 
Portsmouth). In that case, however, the shuttle services are provided by a conventional rail-
road in discrete trainloads, rather than by advanced transport technologies moving indi-
vidual containers.

Implications for Truck Drayage Systems

Truck drayage systems range from existing diesel trucks moving over public highways to 
electric trucks moving over exclusive right-of-way. The LA/LB case study demonstrated that the 
proposed evaluation method was valid for truck drayage options.

Most free-running truck drayage options consist of privately owned and operated trucks 
with clean and efficient propulsion systems. The EPA 2007 and 2010 standards for diesel 
engine emissions serve as a baseline, because the drayage fleet is constantly transitioning to 
newer vehicles. Options include natural gas, conventional electric hybrids, hydrogen fuel 
cell hybrids, and battery-powered units. Most options are relatively well-understood and 
well-documented compared to fixed-guideway technologies, with both prototype and com-
mercial units operating in the port environment as of 2014. Because their transportation 
performance is basically identical to existing trucks and their emissions performance has 
been measured, the remaining uncertainty is over their long-run cost characteristics. In each 
case, new units mix interchangeably with older units on highways and in terminals. Neither 
the highway nor the terminals require modifications, simplifying the evaluation process as 
well as reducing the cost.

True electric or battery-electric truck systems draw power from the highway, typically from 
overhead wire (catenary). In the most commonly discussed configuration, the powered highway 
would be used for the “line-haul” trip, with battery operation between the “end of wire” and the 
terminals or other locations at either end. A battery-electric truck could therefore serve distribu-
tion centers and other shipping/receiving locations within battery range, as well as marine and rail 
terminals. Terminals would not need modifications, and roadways would need the addition of 
catenary and power supply systems. Here too, the technical performance of the separate technolo-
gies is well understood, with uncertainty focused on the performance of the combined system and 
costs of vehicles and infrastructure.

Complications arise in the evaluation method when long-term roadway capacity is an 
issue. In the Baltimore case, the truck volume between the Port and Mount Clare was rel-
atively small, and a small part of the overall highway traffic. Moreover, CSX committed 
to moving the containers by rail if volume passed a stated threshold. The cost of highway 
capacity, therefore, was not a practical consideration in the truck drayage alternative. In the 
LA/LB case, however, traffic congestion on I-710 was a major issue, and plans were being 
formulated to add truck lanes. The question facing the I-710 planners was whether to allow 
for the incremental cost of fixed-guideway system or electric truck power over the lanes they 
were already planning to add. If the cost of the new lanes themselves were not considered in 
the truck drayage alternative, comparisons with a fixed-guideway on a separate route with 
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its own infrastructure costs would be heavily skewed toward the trucks. This observation is 
crucial because one of the major reasons for considering fixed-guideway alternatives was to 
divert trucks from public roads.

The capacity comparison is further complicated by the observation that fixed-guideway sys-
tems can only be used for trips within a closed system, but new freeway lanes can be used by any 
eligible vehicle. Adding lanes to I-710 will facilitate truck movements of all kinds, port drayage 
trips among them. The benefits of added highway capacity therefore accrue to non-port trucking 
customers as well as to port drayage.

These considerations imply that great care must be taken in applying the proposed  
evaluation method to truck drayage to ensure that capacity additions or the need for capac-
ity are correctly analyzed and that the treatment of truck and fixed-guideway options is 
equitable.

Policy Questions

The analyses presented suggest that advanced fixed-guideway systems will not be able to compete 
commercially with truck drayage systems. This observation implies in turn that customers—ocean 
carriers, 3PLs, brokers, importers, exporters, and others that control cargo and pay the bills—will 
not use such systems voluntarily. Some fundamental policy questions have not yet been addressed 
and are unlikely to be resolved in the near future:

•	 Can the public sector require the private sector to use a more costly transport option to 
achieve public goals? To some extent, the Ports of Los Angeles and Long Beach (and other 
ports) have done so by implementing clean truck plans, which require customers to use motor 
carriers with “clean” trucks and thus pay higher prices. The emerging requirement for electric 
“shore power” to avoid idling vessels in port is another example. In both these cases, the regu-
lations increased the cost of an existing mode without requiring customers to switch mode, 
and the regulations were based on public air quality and health objectives. Proposals to require 
drayage operators to use employee drivers and meet other conditions as part of the CAAP were 
struck down, however, after legal challenges, which suggests limits to the power of ports to 
intervene in the business decisions of other stakeholders.

•	 Could ports or regional transportation agencies ban truck drayage entirely for some 
category of container moves and require customers to use fixed-guideway transport 
instead? There are myriad examples of truck bans on specific routes or in specific parts 
of cities, but not in industrial areas where truck transportation is integral to commerce. 
There are also weight limits for trucks, and restrictions on the movement of tank trucks 
and hazardous materials. These restrictions, however, are almost entirely safety based and 
do not lead to mode shift.

•	 Can the public sector induce port customers to use more costly transport options to 
promote public goals? All U.S. passenger transit systems are subsidized and charge fares 
that are less than their full economic cost. Transit systems are subsidized in two ways: by 
reducing or eliminating the cost of capital and by subsidizing operations. Although there 
are many variations on these strategies, both are applicable to advanced fixed-guideway con-
tainer transport systems or, indeed, any transport system. The cost estimates for advanced 
fixed-guideway systems indicate that capital costs will be very high. Given that fixed-guide-
way operating costs alone are expected to be higher than truck drayage costs, attempting 
to pay for those capital investments through transport charges would raise those charges 
far beyond a competitive ceiling. Any financial inducement to divert truck drayage trips to 
a fixed-guideway system, therefore, would have to be substantial. To date, there has been 
little or no public-sector interest in massive freight subsidies.
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For the most part, these broad policy issues remain unaddressed in the goods movement field. 
Multiple policy tools are in use to influence the mode choice of passengers, including transit 
subsidies, tax incentives, HOV lanes, and selective auto bans. Outside of emissions regulations 
and funding for inland waterways, few, if any, policy tools are being used to influence mode 
choice among freight customers.

In the United States, the public sector supported the development of waterway, rail, and 
highway networks for freight to various degrees. Various agencies have likewise offered limited 
support (e.g., research grants) for the development of new freight technologies and for a limited 
number of freight infrastructure projects. The advanced fixed-guideway container transport 
technologies proposed to date do not appear to be effective solutions to emissions, capacity, 
and congestion problems at U.S. ports. The question remains, however, whether a genuinely 
promising new technology could be supported if it were not commercially viable.
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Abbreviations and acronyms used without definitions in TRB publications:

A4A Airlines for America
AAAE American Association of Airport Executives
AASHO American Association of State Highway Officials
AASHTO American Association of State Highway and Transportation Officials
ACI–NA Airports Council International–North America
ACRP Airport Cooperative Research Program
ADA Americans with Disabilities Act
APTA American Public Transportation Association
ASCE American Society of Civil Engineers
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
ATA American Trucking Associations
CTAA Community Transportation Association of America
CTBSSP Commercial Truck and Bus Safety Synthesis Program
DHS Department of Homeland Security
DOE Department of Energy
EPA Environmental Protection Agency
FAA Federal Aviation Administration
FHWA Federal Highway Administration
FMCSA Federal Motor Carrier Safety Administration
FRA Federal Railroad Administration
FTA Federal Transit Administration
HMCRP Hazardous Materials Cooperative Research Program
IEEE Institute of Electrical and Electronics Engineers
ISTEA Intermodal Surface Transportation Efficiency Act of 1991
ITE Institute of Transportation Engineers
MAP-21 Moving Ahead for Progress in the 21st Century Act (2012)
NASA National Aeronautics and Space Administration
NASAO National Association of State Aviation Officials
NCFRP National Cooperative Freight Research Program
NCHRP National Cooperative Highway Research Program
NHTSA National Highway Traffic Safety Administration
NTSB National Transportation Safety Board
PHMSA Pipeline and Hazardous Materials Safety Administration
RITA Research and Innovative Technology Administration
SAE Society of Automotive Engineers
SAFETEA-LU Safe, Accountable, Flexible, Efficient Transportation Equity Act: 
 A Legacy for Users (2005)
TCRP Transit Cooperative Research Program
TEA-21 Transportation Equity Act for the 21st Century (1998)
TRB Transportation Research Board
TSA Transportation Security Administration
U.S.DOT United States Department of Transportation
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