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Executive Summary

Project Overview

- Within California, diesel emissions have been subject to increasing scrutiny and regulatory
action. Most recently, the California Air Resources Board (CARB) named the particulate matter
in diesel exhaust as a toxic air contaminant (TAC). The regulatory implications of this listing are
not yet clear; but at a minimum, it has increased the liability associated with concentrated diesel
emissions. In addition to this action, several high profile lawsuits have been initiated against four
of the State’s largest supermarket chains, alleging that diesel emissions from their distribution
facilities violate Proposition 65 statutes. These and other developments have heightened public
awareness of the potential health risks associated with diesel fuel and spurred renewed interest in
a variety of low emission technologies.

The Seaport Liquid Natural Gas (LNG) Study evaluates the feasibility of using LNG as a heavy-
duty vehicle and equipment fuel--that is, as an alternative to diesel--at the Ports of Los Angeles
and Oakland. The Ports appear to contain a broad range of potentially suitable applications for
LNG; however, this analysis focuses exclusively on the Class 7 and 8 trucking operations, and the
heavy-duty shipping and rail terminal container handling equipment that are associated with the
two facilities. At present, all of these activities are heavily dependent on diesel-powered, heavy-
duty vehicles and equipment, the utilization of which contributes significantly to the overall
emissions inventory stemming from port-related activities.

At present, LNG is considered the most viable alternative to diesel for heavy-duty applications.
The use of this alternative fuel in place of diesel typically results in substantial reductions of key
criteria pollutant emissions. Because LNG is domestically produced, its use at ports and
elsewhere would also support the Department of Energy’s stated goal of reducing reliance on
imported energy sources. In addition, under certain circumstances, the overall operational costs
associated with the fuel’s use can be competitive with those of diesel. At the same time, on-going
technological advancements continue to expand the range of potential applications for the fuel.
Yet, in spite of both LNG’s potential and the Ports’ emissions profiles, the fuel has not found use
in this setting. These conditions provide both the backdrop and the impetus for this feasibility
study.

CALSTART’s feasibility analysis contains a number of distinct components. These are as

follows:

¢ Characterization of the Ports’ trucking and terminal operations, including equipment
inventories and identification of key features with respect to alternative fuel use (Chapter 2);

e Assessment of the current state of LNG technology, including discussion of engine, refueting
and small-scale liquefaction systems, as well as selected case studies (Chapter 3);

e Comparison of the characteristics of port operations and LNG technology, and identification
of critical barriers to and benefits of LNG use in this setting (Chapter 4);

e Description of actions that could aid in overcoming the key obstacles to LNG use (Chapter 5);

e Summary of key findings and recommendations (Chapter 6).

ix
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Findings and Recommendations

The findings of CALSTART’s research effort are mixed. Under current conditions, LNG use at
the Ports appears to be -

1) Technologically feasible: suitable LNG engine and refueling technologies are
presently available for most of the potential port applications detailed in this study.

2) Environmentally beneficial: most equipment currently in use at the ports is highly
polluting. Utilization of LNG technologies in place of existing diesel systems would
generally result in at least a 50% per unit decrease in NOx and PM emissions.
Therefore even limited penetration of LNG technologies could produce significant
aggregate emissions reductions.

3) Logistically problematic: the organization and composition of both terminal and
trucking fleets have a number of characteristics that pose obstacles to the use of
LNG. Conversely, the Ports and their operators also have certain features that are
extremely amenable to LNG use.

4) Economically questionable: the current price relationship between LNG and diesel in
California does not offer a clear economic incentive to utilize the alternative fuel in
the applications evaluated here. Moreover, in certain sectors of port operations,
LNG use would result in significant operational cost penalties, relative to diesel.
Incremental vehicle and refueling station costs, and the inherent efficiency penalties
associated with natural gas engines only augment the economic barriers posed by
current fuel prices.

Based upon these findings, use of LNG at the Ports faces significant obstacles and it would,
therefore, be premature for the Ports to promote exclusive utilization of the fuel and its
associated technology at this time. However, the magnitude of the potential emissions reductions,
the heightened focus on diesel fuel and the apparent conditionality of many of the current barriers
to LNG use all suggest that it is worthwhile to attempt to address these barriers, and premature to
dismiss the fuel as a viable alternative. CALSTART therefore recommends that several critical
steps be taken that would benefit the Ports and their surrounding communities, without
committing them to a particular technology pathway. These are as follows:

Both Ports should move immediately to develop general alternative fuel incentive
programs, incorporating provisions such as priority access for AFVs and AFV-friendly
lease agreements. Such measures are critical if low-emission technologies are to find
application at the Ports.

The Ports should carefully monitor the evolving liability risks associated with
concentrated diesel fuel use. This information should be shared with tenants in an on-
going strategy group dedicated to addressing air quality issues at the Ports.

The Ports should begin to identify those fleets and operations that might prove more
receptive and amenable to utilizing non-conventional, low emission technologies. These
potential early-adopters should be given the opportunity to help shape incentive programs
and encouraged to work with the Ports in developing appropriate demonstration projects.
The Ports, in conjunction with regulatory and planning agencies, should design
modernization and expansion projects in such a way as to facilitate and encourage the
utilization of low-emission technologies such as LNG. Many of the barriers and
mitigation strategies (priority lanes for low emission vehicles, space constraints, etc.) are
best addressed during facility construction or modification. :

The Ports should capitalize on new and existing funding sources, and initiate a variety of
technology evaluation projects. One extremely viable project could be the testing of a
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small-scale liquefaction system in conjunction with a LNG vehicle or equipment
application. Such a project would be exceptionally valuable in assessing the ability of
small-scale systems to deliver on their potential for low-cost local LNG production.
Alternatively, the Ports could attempt to coordinate with the Pacific Gas and Electric
Company (PG&E) and The Gas Company of Southern California’s (So. Cal. Gas) on-
going small-scale liquefaction program, concentrating their own efforts on finding
appropriate vehicle and equipment users.

xi
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1. Introduction

1.1  Study Goals

Liquid natural gas (LNG) is currently being used as a low emission ‘alternative’ fuel in a variety
of vehicular applications across the country, including heavy-duty trucking, transit and refuse
hauling, but has not yet found use in the port arena. The Seaport Liquid Natural Gas (LNG) Study
presents and analyzes the key technological, economic, environmental and institutional variables
that affect the potential utilization of LNG in this setting. As originally conceived, the study’s
principal goal was to evaluate the feasibility of using LNG as a transportation fuel in the heavy-
duty, on-road trucking operations associated with the Ports of Los Angeles and QOakland. In
response to early findings, however, CALSTART has expanded the scope of the study to include
like analysis of the heavy-duty ground vehicles and equipment operating at the shipping and rail
terminals located on or near these ports.

1.2  Background

1.2.1 Why Ports?

Modern port facilities such as those in Los Angeles and Oakland are simultaneously conduits and
engines of local, regional and national economic activity. The Ports of Los Angeles and Oakland
directly and indirectly employ hundreds of thousands of people in California, while the economic
worth of the 1997 goods movement through the two ports was valued at $73.8 billion and $25
billion, respectively.l

As major economic hubs, ports are both home to and the nexus of a vast array of equipment and
vehicle operations. The most obvious and dominant constituents of this system are the shipping,
rail and trucking operations. However, ports may also house power generation facilities, liquid
and dry bulk terminals, pleasure cruise lines, fishing fleets, warehousing and consolidation
stations, and food and material processing sites. The vast majority of these operations rely on
vehicles and equipment powered by internal combustion engines running on conventional fuels
such as gasoline and diesel. Consequently, ports are also a major point source for regional
criteria pollutant emissions. This is particularly true for large ports such as those in Los Angeles
and Oakland, whose extraordinarily high volumes of containerized and bulk cargo require myriad
distribution and support operations.

The statistics in Table 1-1 below provide a snapshot of the current Port operations. In fact, both
the Ports included in this study are growing in terms of facility size and cargo tonnage. Annual
growth projections for total cargo throughput at the Ports of Los Angeles and Oakland are 6% and
5%, respectively. Although the precise emissions impact of this cargo handling and facility
expansion is difficult to predict, a direct, if not strictly linear relationship between cargo activity
levels and emissions from port operations must be assumed. And while some trends in port
operations and infrastructure development may slightly off-set the impact of increased cargo
activity, most notably the expansion of on-dock rail facilities and subsequent elimination of short-
haul dock to rail terminal truck trips, they will neither mitigate present emission levels nor
prevent their overall growth.

! Per conversations with Jeff Leung, Public Affairs Officer, Port of Los Angeles and Dan Westerlin,
Manager, Strategic Marketing, Port of Oakland, February 1999.
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Table 1-1: Port Statistics

Port of Los
Angeles Port of Oakland
1998 Container
Throughput (twenty unit 3,145,529 1,575,406
equivalents) -
% of Cargo Tonnage
Containerized 7% 98%
Annual C Shi
Dail
Trucltl'lyrips ~7,500 ~4,000
*1996 Figure

Source: Port of Los Angeles and Port of Oakland Public Affairs Offices.

It would appear then, that there is a significant conflict between regional economic and
environmental health. This tension, however, is not necessarily intractable. A broad range of
strategies exist that may aid in the uncoupling of cargo activity and emissions growth at the Ports.
This study examines the viability and potential impact of just one of these strategies - the
utilization of LNG fuel and technology in place of diesel - in a limited, but extremely significant
subset of port operations - on-road heavy-duty trucking and off-road heavy-duty container
handling equipment.

On-road heavy-duty trucks are integral to the movement of containerized and bulk cargo to, from
and within each of the Ports. Although no exact figure is available, the Port of Los Angeles
supports a truck population of approximately 3500 vehicles, which generate 7500 average daily
trips.2 The Port of Oakland truck population is significantly smaller at approximately 2000
vehicles, and generates an average of 4000 daily trips. > The off-road heavy-duty equipment
included in this study is used in the handling and maintenance of containerized cargo at the on-
port and port-associated shipping and rail terminals. The total population of these diverse units at
the Ports of Los Angeles and Oakland is approximately 800 and 500, respectively.’

CALSTART has elected to focus on these two sectors of port operations for several reasons, chief
among these being their reliance on and high consumption of diesel fuel. Exhaust resulting from
the combustion of diesel fuel produces substantial amounts of two of the most serious criteria
pollutants, oxides of nitrogen (NOx) and particulate matter (PM), and is suspected of causing a
* variety of serious health problems.”> Diesel exhaust was designated as a known carcinogen by
the State of California in 1990, while diesel exhaust particulate matter was listed as a Toxic Air
Contaminant (TAC) by the California Air Resources Board (CARB) in 1998. In addition, several
? In actuality, the truck population serving the Port of Los Angeles is closer to 7,000 vehicles; however,
these same vehicles also service the contiguous and similarly sized Port of Long Beach. On any given day,
this population will be roughly split between the two facilities. The overall estimate is based on
information gathered from interviews with port trucking operators and corresponds closely with estimates
?rovided by Port officials.

Again this data is based on estimates provided by port trucking operators. It should be noted, however,
that this figure differs considerably from the estimate of 1000 vehicles provided by Port of Oakland
officials. B
* Totals based on interviews with port terminal operators. See Chapter 4 for exact figures.

5 U.S. Environmental Protection Agency, Final Regulatory Impact Analysis: Control of Emissions of Air
Pollution from Highway Heavy-Duty Engines, September 1997.

1-2

Seaport Liquid Natural Gas Study — Final Report

—atawy

prenernt

S —




£}

lawsuits were filed in 1998 against four of California’s largest supermarket chains, in connection
with diesel emissions from their distribution facilities. These lawsuits have raised serious
concerns within the transportation community regarding the liability associated with concentrated
diesel. The Ports could prove similarly vulnerable. Emissions from ‘heavy-duty vehicles
emissions are heavily concentrated in the immediate area of the facilities, both of which are
embedded in densely populated urban areas.

Figure1-1: Key California Diesel Regulations

CARB Diesel 1 CARB listing diesel

Fuel ] particulates as TAC

Regulations
Diesel designated as (low sulfur) :
a known carcinogen California Prop. New diesel standards
in California 65 Lawsuit take effect

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

In addition to their emissions characteristics, the heavy-duty diesel vehicles and equipment
involved in the movement of containerized cargo also appear well-suited to utilize the current and
near-term LNG technology. Duty-cycles and power demands appear to match available
technology. Moreover, although both off-road and on-road heavy-duty vehicles have been the
subject of considerable evaluation with respect to their potential for LNG use, little if any
research has been done on port-specific applications. As discussed in later sections, this arena
presents unique opportunities and challenges to the use of LNG, or any other alternative fuel.

1.2.2 Why LNG?

Liquid natural gas is currently used in a wide variety of stationary and mobile applications
throughout the world. In the U.S., stationary power generation is the most common consumer of
the fuel; however, LNG is finding increasing use in the transportation sector.® This alternative
fuel is garnering increased interest in transportation applications for three principal reasons:
e The fuel is domestically produced and therefore an important component in the effort to
ease reliance on foreign energy sources.
e On an energy equivalent basis, the price of LNG may be highly competitive with or
favorable to conventional fuels in certain applications.
¢ Because of its relatively simple molecular structure, the fuel is extremely clean burning in
comparison to diesel and gasoline.
Of the three, it is the emissions characteristics of LNG technologies that provide the primary
initial impetus to examine their potential for use in port applications. NOx and PM emissions
from heavy-duty LNG engines are significantly lower than those produced by comparable diesel
units. Carbon monoxide (CO) emissions may also be reduced depending on the application and
engine type. Figure 1-2 below shows the emission standards for a representative +300
horsepower (hp) on-road diesel truck engine, an off-road, diesel-powered container handling unit
engine and a comparable LNG system.

® Nimocks, Bob, LNG: Downstream Market Review, presented at ‘LNG: Prospecting Downstream Markets’
conference, May 1998.
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Figure1-2: Comparative Emissions
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In addition to its emission advantages, LNG has several other characteristics that make it an
attractive alternative to diesel in heavy-duty applications. Because it is a liquid fuel, the refueling
process is rapid and comparable to that of diesel or gasoline, albeit with some additional safety
precautions due to the fuel’s cryogenic state. This liquid character also gives LNG systems a
particular advantage over compressed natural gas (CNG) units with respect to heavy-duty use.
Although both systems use the same engines and deliver similar emissions benefits, LNG’s
higher energy density means less fuel storage volume is required to achieve a given range. This
is a critical consideration in heavy-duty applications where fuel consumption is high and weight
and storage space are at a premium. In total, these characteristics make LNG, as a fuel and a
technology family, the most viable current or near-term alternative to diesel in the types of heavy-
duty applications found at the Ports.

1.3  Assessing the Feasibility of LNG Use at the Ports

1.3.1 Report Structure

Despite its promise, LNG has not penetrated the port arena. This study has attempted to assess
the critical factors in LNG use at the Ports, with the goal of determining the overall feasibility of
its utilization in this sector. The process and organization of this assessment is as follows:

* Chapter 2 presents an analysis of the trucking and container handling operations at the Ports
of Los Angeles and Oakland, including an inventory of existing equipment and estimations of
their current emissions impact.

e Chapter 3 offers a concise overview of the current and near-term heavy-duty LNG engine,
refueling and small-scale liquefaction systems, as well as a discussion of LNG fuel prices.
This chapter also includes a review of relevant case studies.

e Chapter 4 synthesizes data from the previous two chapters and evaluates the technical and
economic feasibility of using LNG in particular port applications covered here. A variety of
additional factors that may impact LNG feasibility, ranging from regulatory measures to
competing technologies, are also discussed.

e Chapter 5 discusses actions that could be taken by the Ports and other interested parties to
encourage the use of LNG in lieu of traditional diesel technologies. Each of the critical
barriers identified in Chapter 4 is revisited. Appropriate policy actions and mitigation
measures are then presented. _

e Chapter 6 summarizes the report’s key findings, identifies areas where further research is
needed and suggests a variety of paths that may be taken to encourage the use of alternative
fuels and low emission advanced transportation technologies at the Ports.
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1.3.2 Methodology and Data Collection

The data used in this feasibility analysis is drawn from a variety of sources. Virtually all of the
operational data on trucking and container handling activity was gathered directly through
interviews with relevant personnel at each firm or facility. Table 1-2 below characterizes the
sample that CALSTART was able to obtain.

Table 1-2: Survey Sample

Trucking Shipping Rail
Port of Los
A ngges 19 firms 4 of 6 terminals 3 of 5 facilities
Port o,
Oaklar-zcl 29 firms 7 of 9 terminals 3 of 3 facilities

Although it proved impossible to interview all relevant port tenants and operators (participation
was voluntary) and the level of detail supplied by interviewees varied significantly from facility
to facility, this appears to be the most complete data set available at present.

In general, because the Ports act only as landlords, they have what one port official described as
“a wealth of ignorance” regarding the day-to-day operations at and around the terminals.” Various
port officials were interviewed, however, and provided valuable statistics regarding the overall
operations at their respective facilities. Officials at the South Coast and Bay Area air quality
management districts (AQMDs) and transportation planning agencies were also interviewed.
While extremely helpful and forthright regarding emissions methodologies and planning, they
proved similarly uninformed about the day-to-day operations at the ports and their air quality
impacts. This is to be expected, given that these facilities are not regulated as distinct entities;
however, the dearth of information necessitated reliance on primary data drawn from the
interview process. Where relevant, the possible biases of the data are noted.

In-use operational data from current LNG users also proved difficult to obtain. Comparison of
the operational costs of LNG versus diesel units requires a level of detail and analytical rigor that
is beyond the interests of most users. At present, little detailed cost comparison data exists.
Moreover, it is extremely problematic to generalize from what data is available, given that small
differences in duty-cycles or operational types may significantly affect the comparison. As a
result, the discussion of these variables is often more qualitative than quantitative in nature.

Finally, it should be noted that feasibility is not a static assessment. Many of the critical variables
and factors identified by CALSTART are highly and rapidly mutable. In keeping with the
original project proposal, CALSTART has attempted to assess not only the current potential for
LNG use at the Ports, but also the likely impact of a range of possible actions and future industry
developments. Although highly speculative, this exercise serves to highlight the very signifiCant
impact that the Ports and other relevant parties could have on the present, near and long-term
viability of low emission, advanced transportation technology use in the applications discussed
here.

7 Per conversation with anonymous Port of 