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Executive Summary

This report describes current methodologies used for preparation of a port-related emission
inventory. An emission inventory is necessary for port authorities, those doing business at ports
(such as terminal operators, tenants, and shipping companies), state and local entities, or other
interested parties to understand and quantify the air quality impacts of current port operations, and
to assess the impacts of port expansion projects or growth in port activity. An inventory provides the
baseline from which to create and implement emission mitigation strategies and track performance
over time. This report focuses on mobile emission sources at ports, including oceangoing vessels
(OGVs), harbor craft, and cargo handling equipment (CHE), as well as other land-side mobile
emission sources at ports, such as locomotives and on-highway vehicles. For this report we
reviewed current information on port emission inventory preparation and summarized the most
current practices.

This report was prepared for the U.S. Environmental Protection Agency’s (EPA’s) Sector Strategies
Program, which works with several industry sectors, including ports, to address the most significant
impediments to better environmental performance in each sector. EPA, in partnership with the
American Association of Port Authorities (AAPA), is encouraging ports to proactively address air
quality issues. This report is intended to help port authorities and others who want to prepare a port
mobile source emission inventory and thereby quantify current emissions. The inventory can then
be used to develop strategies to minimize current and projected emissions and to quantify progress.
An emission inventory can inform regulatory requirements such as those in State Implementation
Plans (SIPs), the National Environmental Policy Act (NEPA), and the California Environmental
Quality Act (CEQA), and also inform voluntary initiatives such as a collaborative regional air toxics
assessment or development of a port environmental management system (EMS).

This report expands on and adds to the previous Current Methodologies and Best Practices in
Preparing Port Emission Inventories report’ published in 2006. The new report adds
methodologies which have evolved since the last report and includes updated emission and
load factors as well as adds significant detail on calculating emissions from harbor craft, cargo
handling equipment, rail and on-road vehicles serving ports and calculation of greenhouse gas
(GHG) emissions. In addition, for each source category, both detailed and streamlined
calculation methodologies are discussed.

Ports can be large sources of nitrogen oxides (NOXx), particulate matter (PM), sulfur oxides
(SOx), toxic emissions and GHGs, therefore, more detailed and accurate emission inventories
are needed. Port inventory methodologies have been improving over the last several years, as
reflected in the newer port inventories. However, there is still little guidance on preparing port
inventories for ports with fewer resources.

Because the rationale and resources to prepare inventories vary between ports, this report
provides a range of preparation approaches to provide the appropriate level of detail to meet
ports’ needs. The two approaches presented in this report are:

o A detailed approach in which each ship trip into and out of a port is quantified. Harbor craft
and land-side emissions are estimated in detail.

1 ICF Consulting, Best Practices and Current Methodologies in Preparing Port Emission Inventories, Final Report, Prepared for
U.S. Environmental Protection Agency Sector Strategies Program, April 2006.

ICF International vii U.S. Environmental Protection Agency
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e A streamlined approach in which ship trips are averaged by ship type and dead weight
tonnage, and then average trip characteristics are calculated. Harbor craft and land-side
emissions also can be averaged by type of ship or equipment.

The report concludes with seven recommendations for further study that will lead to
improvements in port emission inventory development.

It should be noted that this guidance document reflects current best practices and is not intended
to be the last word in port inventory development methodology. To better understand current
techniques, the reader should continually look for new inventory methodologies being developed
by ports. The AAPA will likely be able to provide contact information for a specific port?.
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1. Introduction
An emission inventory is a quantification of all Examples of Emission Sources at Ports

emissions of criteria and other pollutants (including ) .

. - e Container ships
toxics and greenhouse gases) that occur within a
designated area by their source. Emissions sources are
categorized broadly as mobile sources, point sources

e Tanker ships

e Bulk carrier ships
Oceangoing

(e.g., a refinery), and area sources (e.g., agricultural vessels * Cruise ships
tilling). Mobile sources are further categorized as on- * Reefer ships
road sources (e.g., automobiles, trucks, buses) and ¢ Roll-on/Roll-off ships
non-road sources (e.g., construction equipment, e Vehicle carrier ships
cranes, yard trucks, locomotives, and marine vessels). « Tugboats and pushboats
Mobile source port-related emissions are generated y Fe”'esl
by marine vessels and by land-based sources at Harbor vessels ¢ Excursion vessels
ports. Marine emissions come primarily from diesel » Fishing vessels
engines operating on oceangoing vessels (OGVs), ¢ Dredging equipment
tugs and tows, dredges, and other vessels operating e Terminal tractors
within a port area. Land-based emission sources « Top and side loaders
inclugie cargo handling equipmgnt (CHE) such as Cargo e Forkiifts
terminal tractors, cranes, container handlers, and handling e Wharf cranes
forklifts, as well as heavy-duty trucks and locomotives equipment Rubber fi .
operating within a port area. . In port-related emission * Rubbertire gantry cranes
inventories, emissions are generally characterized by * Skid loaders
the activity sector generating the emissions. That is, L ’ e Line haul locomotives
the mode of transportation. Figure 1-1 shows OCOMOIVES  Switch yard locomotives
approximate contributions to total port complex e On-road trucks

N . .. 3
emissions from the various activity sectors. Vehicles . Buses
Both land- and sea-based sources are likely to have *_Other port vehicles

diesel engines. Diesel emissions of concern are
discussed in Section 1.3. Stationary emission sources at ports also need to be included in total
port emissions, but are beyond the scope of this report.

This report is intended to help port authorities, those doing business at ports (such as terminal
operators, tenants, and shipping companies), state and local air quality agencies, and other
interested parties who want to prepare mobile source port-related emission inventories.

1.1. Background

Ports can be a major contributor to regional NOx, SOx, toxics, PM, and GHG emissions.
Without an inventory of the port as an entity, it is difficult to assess opportunities for emission
reductions and to quantify reductions over time. In addition, a port emission inventory is
necessary to properly assess the impacts of port improvement projects or growth in marine
activity, as well as to plan mitigation strategies.

3 Determined as the mean and standard deviation of values from PM2s, NOx, and SO2 emissions from 88 ports across the North
Pacific, South Pacific, Gulf Coast, East Coast, and Great Lake regions. Emissions were calculated for the 2005 baseline year.
Values are intended only to estimate the range of contributions expected by sector. Results at individual ports will vary.

ICF International 1-1 U.S. Environmental Protection Agency
09-024 April 2009
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Figure 1-1. Typical Emission Contribution by Transportation Mode at Ports
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Estimating emission inventories generally involves applying emission factors* to measures of
port activity across a range of activity sectors. Currently, the U.S. Environmental Protection
Agency (EPA) offers only limited guidance regarding the development of port emission
inventories, and most small and mid-size ports do not have extensive resources to devote to
inventory development. As a consequence, many current emission inventories suffer from poor
quantification of port activity and use of outdated emission factors. This report discusses current
methods of determining emissions from ports and offers recommendations for improvements.

Historically, port emissions developed by state and local air quality agencies have not been
evaluated as a sector but as part of engine classifications. As such, emissions emanating from a
port could not be easily quantified. In addition, emission factors for OGVs have been developed
from very limited data sets.

More recently, a number of port authorities have made detailed estimates of their emissions
inventories. Most of the recent inventories listed in Table 1-1 represent recent bottom-up,
activity-driven inventories; many of these represent the current best practice in creating
emission inventories. Other ports are in the process of preparing detailed inventories. Some
shown in Table 1-1 (e.g., the Lake Michigan and Alaskan inventories) rely on scaling or other

4 An emission factor is a representative value that attempts to relate the quantity of a pollutant released to the atmosphere with
an activity associated with the release of that pollutant. Marine emission factors are usually expressed as the weight
(commonly measured in grams) of pollutant divided by the energy (commonly measured in kilowatt-hours (kWh)) of the engine
used to produce that emission.

ICF International 1-2 U.S. Environmental Protection Agency
09-024 April 2009
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Introduction

external data sources and may be considered more streamlined inventories. Still other ports
have used more streamlined methods for preparing port emission inventories or prepared

inventories for a specific terminal or industry. While not considered “best practice,” they can
provide reasonable estimates from limited amounts of information available.

Table 1-1: Summary of Recent Port Inventories

Year Data Oceangoing | Harbor | Land-Side a b

SOQ, NOX,
Selected Alaska PM1o PM2s,
Ports 2005 2002 Yes Yes No CO, NHs, Pechan
VOC
Beaumont/Port NOx, CO, HC,
Arthur 2004 2000 Yes Yes No PMio, SO, Starcrest
NOx, TOG,
Charleston 2008 2005 Yes Yes Yes CO, PMyo, M,\?Eit&&
PMZ'S, SOZ
Corpus Christi 2002 1999 Yes Yes Yes® NOxégOC, ACES
Houston/Galveston 2000 1997 Yes Yes No NOx, VOC, Starcrest
CO, PMyo
Houston/Galveston 2003 2001 No No Yes NOxégOC, Starcrest
NOx, VOC,
CO, PMyo,
Houston 2009 2007 Yes Yes Yes PM, s, SOs, Starcrest
CO,
Great Lakes (Ports Tuds HC, NOx, CO, Lake
of Cleveland, OH, 2006 2004 Yes ¢ onSIJ No PM1o, PM25, Carriers
and Duluth, MN) y and SO, Assoc.
. NOX, PM10,
'E,i‘;t‘:M'Ch'ga“ 2007 2005 Yes Yes No PM,s, HC,  ENVIRON
CO, SOx
NOx, TOG,
CO, PMyo,
Los Angeles 2005 2001 Yes Yes Yes PMy s, SOs, Starcrest
DPM
NOx, TOG,
CO, PMyo,
Los Angeles 2007 2005 Yes Yes Yes PM, s, SOs, Starcrest
DPM
NOx, TOG,
CO, PMyo,
Los Angeles 2008 2007 Yes Yes Yes PMs5, SO, Starcrest
DPM. COy,
CHg4, N2O
Continued
ICF International 1-3 U.S. Environmental Protection Agency
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Table1-1: Summary of Recent Port Inventories (continued)

Year Data Oceangoing | Harbor | Land-Side a b

NOx, TOG,

CO, PMyo,

Long Beach 2004 2002 No No Yes PMys, SO, Starcrest
DPM

NOx, TOG,

CO, PMyo,

Long Beach 2007 2005 Yes Yes Yes PMys, SO, Starcrest
DPM

NOx, TOG,

CO, PMyg,

Long Beach 2009 2007 Yes Yes Yes PMy5, SO,, Starcrest

DPM. COa,

CHa, N2O

h NOx, VOC,
how vorkNew 2003 2000 Yes Yes No CO,PMy,  Starcrest

z Yy PMa.s, SO2

NOx, VOC,

L ’J\';‘;"eYork/NeW 2003 2002 No No Yes CO, PMyo, Starcrest
E y PM2.5, SO2

NOx, VOC,

- hew York/New 2005 2004 No No Yes CO, PMyo, Starcrest
y PMa.s, SO2
U NOx, VOC,
CO, PMyq,
o hew York/New 2008 2006 Yes Tugs Yes PMzs, SO, Starcrest
y y COz, N2O,
[
e NOx, ROG,
Oakland 2008 2005 Yes Yes Yes CO. PM, SOx ENVIRON
m NOx, HC, CO,

SOx, PMyq, Bridgewater
> Portland 2007 2004 Yes Yes Yes PMys. COy, 9 Consulting
= Air Toxics

NOx, TOG,

: CO, PMyy,
u Puget Sound’ 2007 2005 Yes Yes Yes PMy5, SO,, Starcrest

DPM. COa,

m CHa4, NoO
NOx, TOG,
. CO, PMyq,
d San Diego 2007 2006 Yes Yes Yes PM, 5, SOy, Starcrest
DPM
¢ a NOx = oxides of nitrogen, TOG = total organic gases, ROG = reactive organic gases, VOC = volatile organic
n compound, HC = hydrocarbons, CO = carbon monoxide, PM4o = particulate matter < 10 microns, PM, 5 = particulate
matter < 2.5 microns, SO, = sulfur dioxide, DPM = diesel particulate matter, CO, = carbon dioxide, CH4 = methane,
m N20 = nitrous oxide
b Starcrest = Starcrest Consulting Group LLC, ACES = Air Consulting and Engineering Solutions; ENVIRON =
ENVIRON International Corp.
m ¢ Truck and rail only
: d Both Lakers and Salties
e Although definitive results are not included for Cargo Handling Equipment
f Includes the Ports of Anacortes, Everett, Olympia, Port Angeles, Seattle and Tacoma
ICF International 1-4 U.S. Environmental Protection Agency
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Additional national inventories worth noting are the National Emissions Inventory (NEI) and the
National Air Toxics Assessment (NATA), which include emissions from various activity sectors
at ports. Additional references and inventory methods can be found in the reference section at
the end of this report.

Many of the recent inventories listed in Table 1-1 have been done by Starcrest Consulting
Group, LLC. As such, there has been consistency in methodology for detailed port emission
inventories, although the methodology keeps evolving. However, there is little specific guidance
on preparing less detailed inventories; thus, methodologies vary. In most cases, simplified
inventories are prepared based upon fuel use or cargo moved. This report attempts to point out
the most recent discoveries and best practices regarding port inventory preparation to
encourage uniform inventory preparation using the most up-to-date emission and load factors
for both propulsion and auxiliary engines. It also provides information for port authorities and
government agencies to understand the inventories prepared by others.

State Implementation Plans (SIPs)® evaluate the emissions within and contributing to a non-
attainment area. Because that geographic boundary is typically larger than a port, SIPs do not
necessarily call out the geographic boundary of a port and tend to calculate impacts from
engines (e.g., trucks or even non-road equipment) in a manner that may not make explicit the
port’s contribution. The purpose of this report is to lay out a method for doing so, because it is
important for the entities that make up a port to be able to understand the current and future
emissions associated with their sources. Thus, it is important to capture all of the sources of
emissions within the geographic boundary selected for the analysis, including all marine, non-
road, on-highway and stationary sources. This report presents a method for estimating
emissions from marine, non-road, and on-highway sources. Detailed information on calculating
emissions from stationary sources can be found at the EPA Office of Air Quality Planning and
Standards website http://www.epa.gov/ttn/chief/.

1.2. Purpose of Port Emission Inventories

The purpose of a port emission inventory determines what should be included in the inventory
and also may influence the development strategy used.

o For the development of a well-informed emission reduction strategy, all port emissions should
be calculated. This will provide a baseline from which performance can be measured over time.

¢ |n developing SIPs, land-based port emission sources are usually combined with other land-

based non-road sources of similar type throughout the region. Therefore land-side emissions
of non-road equipment at ports are accounted for by running EPA’s NONROAD model for the
region (California uses its Air Resources Board’s (ARB’s) OFFROAD model). Similarly, land-
side emissions of on-road vehicles at ports are generally calculated using EPA’s MOBILE
model for the region (California uses ARB’s EMFAC model). In a future release of EPA’s new
emission factor model, MOtor Vehicle Emission Simulator (MOVES), ports will be able to
estimate all land-side emissions within port boundaries.

5 A SIP is the federally approved and enforceable plan by which each state identifies how it will attain and/or maintain the
National Ambient Air Quality Standards (NAAQS) described in Section 109 of the Clean Air Act and 40 Code of Federal
Regulations (CFR) 50.4 through 50.12.

ICF International 1-5 U.S. Environmental Protection Agency
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e For NEPA?® (or CEQA’ in California) or general conformity® purposes, land-side emissions, in
addition to those from OGVs, need to be estimated. Ports and government agencies also
may estimate land-side emissions in order to more effectively develop control strategies for
these sources.

There is no right answer to which approach should be followed for each type of port, because
each port authority, terminal operator, shipping company, or state or local air quality agency
must weight its individual needs and available resources. The factors that should be considered
in determining which approach to adopt include the following:

e Purpose of the inventory

o Clean Air Act (CAA) status of the port region (e.g., attainment or non-attainment)

e Location of the port

e Geographic size of port

¢ Financial size of port (and fiscal resources available to conduct the inventory)

e Current and projected increases in the number of vessel calls, and in cargo volume
o Complexity of port owner/operator relationships

e Social, economic, and political issues surrounding the local and regional communities in
which the port is located.

1.3. Pollutants of Concern

Pollutants of concern from the engines operating at ports include criteria and toxic air pollutants,
as well as emissions which can cause global climate change.

6 The National Environmental Policy Act (NEPA) requires federal agencies to integrate environmental values into their decision
making processes by considering the environmental impacts of their proposed actions and reasonable alternatives to those
actions. To meet this requirement, federal agencies initially prepare an environmental assessment (EA) to determine the extent of
environmental impact that may result from a federal action. If the impact is considered to be significant, a more detailed
environmental impact statement (EIS) is prepared to fully calculate the environmental effects resulting from a federal action and its
alternatives and to offer mitigation strategies, where available. Both documents are subject to public review and comment.

7 The California Environmental Quality Act (CEQA) is California’s equivalent to NEPA and applies to projects proposed to be
undertaken or requiring approval by state and local government agencies. An environmental impact report (EIR) provides details
on potential environmental impacts from a state or local action and its alternatives. Mitigation strategies also are considered.

8 General conformity refers to a federal rule established by EPA and the U.S. Department of Transportation (DOT) that requires
agency coordination to ensure that the economic, environmental, and social aspects of transportation and air quality planning
are considered. All federal plans, programs, and projects must be shown to meet the requirements of the Clean Air Act and
any applicable SIPs.

ICF International 1-6 U.S. Environmental Protection Agency
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1.3.1. Criteria Pollutants

Criteria pollutants are those for which either the Federal government and/or the California State
government have established ambient air quality standards based on short- and/or long-term
human health effects associated with exposure to these pollutants. The Federal government, via
the U.S. Environmental Protection Agency (EPA) has established ambient air quality thresholds
for the following six pollutants:

o Ground-level ozone (O3)

e Carbon monoxide (CO)

e Particulate matter less than 10 (PM4o) and 2.5 microns (PM;s)
¢ Nitrogen dioxide (NO,)

e Sulfur dioxide (SO,), and

o Lead (Pb).

While not a criteria pollutant, reactive organic species® are often considered along with criteria
pollutants as they are chemical precursors for ground level ozone. Also, typically PM is
expressed as primary PM. That is, the amount emitted directly. Ammonia and other species also
contribute to secondary PM formation and may also be considered.

Other than lead, diesel (and other) fuel combustion at ports is an emission source for all criteria
pollutants.

1.3.2. Greenhouse Gases, including Elemental Carbon

Transportation is one of the most significant and fastest growing sources of greenhouse gas
emissions in the US, accounting for 29 percent of total U.S. greenhouse gas (GHG) emissions
in 2006 and 47 percent of the net increase in total U.S. emissions since 1990."°

Carbon dioxide (COy), the primary greenhouse gas associated with combustion of diesel (and
other fossil fuels), accounted for about 96 percent of the transportation sector’s global warming
potential-weighted GHG emissions for 2003. Methane (CH,4) and nitrous oxide (N,O) together
account for about 2 percent of the transportation total GHG emissions in 2003. Both of these
gases are released during diesel fuel consumption (although in much smaller quantities than
CO,) and are also affected by vehicle emissions control technologies."

In addition to the GHGs, another climate forcing pollutant of concern is elemental carbon'®. The
IPCC Third Assessment Report (TAR) identified aerosols as potentially significant contributors
to climate change with radiative forcing roughly similar in magnitude as methane, nitrous oxide,
or halocarbons, but with significant uncertainty due to their composition and various

9 Reactive organic species are also are referred to as hydrocarbons, volatile organic compounds, reactive organic gases, total
organic gases and various other names. Each has a specific definition, but in general all react with NOx to form ozone.

10 http://www.grida.no/publications/other/ipcc_tar/?src=/CLIMATE/IPCC_TAR/WG1/index.htm

1 Greenhouse Gas Emissions from the U.S. Transportation Sector, 1990-2003, US EPA, March 2006. Available at:
http://www.epa.gov/otag/climate/420r06003.pdf

12 Also referred to as black carbon.

ICF International 1-7 U.S. Environmental Protection Agency
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atmospheric properties." Of particular concern for ports is the fraction of the exhaust aerosol
from combustion of diesel or other fossil fuels that is black or elemental carbon (soot). This
species can absorb sunlight and directly warm the atmosphere.

1.3.3. Air Toxics

Air toxics, also known as hazardous air pollutants (HAPs), toxic air contaminants (TACs), or
non-criteria air pollutants, are contaminants found in the ambient air that are known or
suspected to cause cancer, reproductive or birth defects, other health effects, or adverse
environmental effects, but do not have established ambient air quality standards. HAPs may
have short-term and/or long-term exposure effects.

EPA currently has implemented programs to reduce emissions of 188 HAPs', however 1,033
total HAPs are listed by EPA as related to mobile source emissions'® and, of these, 644 are
components of diesel exhaust, including benzene, cadmium, formaldehyde, and 1,3-butadiene.
In California, diesel particulate matter is typically the toxic air contaminant of primary concern;
however, there are no specific annual limits on its emissions.

Unlike criteria and climate forcing pollutants, emission factors for TACs are less readily available
for many engines, thus estimating these emissions in a port-related emission inventory is more
difficult. TAC emission factors for on-road vehicles may be obtained directly from the
MOBILEG6.2 model. In other cases, TAC emission factors may be scaled from organic carbon
and particulate matter emissions, using EPA'® or ARB'” methodologies. The reader is directed
to these sources rather than repeat all factors and methods here. However, in many cases,
diesel particulate matter (DPM) is the TAC of primary concern, and can be directly derived from
these emission factor models as exhaust PM for diesel-fueled engines.

1.4. Overview of Port Emission Inventory Methodologies

There are many different approaches to developing a port emission inventory, and they can vary
greatly in terms of the time and resources required. To account for resource disparities,
throughout this report two different approaches are presented:

e Detailed Inventory—Highly detailed inventories are typically prepared by the “larger” deep-
sea ports in air quality non-attainment areas.® This type of inventory requires detailed data
on vessels and land-based equipment characteristics and activities, as well as detailed

13 http://www.ipcc.ch/meetings/ar4-workshops-express-meetings/geneva-may-2005.pdf
14 http://www.epa.gov/ttn/atw/188polls.html

15 The full list is available at; http://www.epa.gov/otag/regs/toxics/420006002.xIs

16 http://www.epa.gov/ttn/atw/nata/mobile.html

17 http://www.arb.ca.gov/ei/speciate/speciate.htm

18 The Clean Air Act regulates certain air pollutants, called criteria pollutants, which are harmful to human health. EPA sets limits
on the amount of these pollutants that can be present in the air before human health may be impaired. If a pollutant limit is
consistently exceeded within a certain area, generally defined around urban centers on the county level, or a certain area
contributes to an exceedance of the limit in another downwind location, then that area (county or portion of a county) is
designated a non-attainment area. For a list of non-attainment areas, visit EPA’s website at
http://www.epa.gov/oar/oagps/greenbk/index.html.

ICF International 1-8 U.S. Environmental Protection Agency
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information on port geography and ship paths within the port. This is the best practice for all
ports, but its application may be limited by available resources.

¢ Streamlined Inventory— A streamlined inventory approach is often used by “mid-size” and “smaller”
seaports and ports that are either not in an ozone or PM non-attainment area or in a maintenance
area."® Ports on the Great Lakes also might use this approach. Such an inventory requires some
measure of port-specific activity data but applies “typical” port emission parameters by sector. The
methodologies may be tailored to the amount of data available. In some cases, a highly
streamlined inventory can be developed using extrapolations made from typical port data based on
ship calls estimated by the U.S. Army Corps of Engineers (USACE).

As is discussed throughout this report, the quality and extent of input data and resources dictate
which level of inventory that may be produced. This is generally outlined by Figure 1-2.

Figure 1-2: Decision Methodology for Port Inventory Type

Select Sectors for Analysis

Harbor craft

Vessels
Yes Are Data and No
Resources Sufficient?
Perform Detailed Perform Streamlined
Inventory Inventory

1.5. Definition of Port Boundaries

In all cases, boundaries of the inventory must be included. Often these are not immediately clear
since emitting activities do not necessarily follow political or property lines. It is therefore important
to look at the purpose of the inventory to decide on the proper boundaries that it will encompass.

In most cases, the purpose of the inventory helps define useful port boundaries. In most cases, the
land-side boundary should be selected to include at least the first intermodal point and thus includes

9 Maintenance areas are defined as those areas that were once in non-attainment of the NAAQS, but have cleaned their air to a
level below the NAAQS. These areas must be careful to not slip back into non-attainment status.

ICF International 1-9 U.S. Environmental Protection Agency
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trucks, rail, gates, etc. By doing so, improvements such as reducing wait times into and out of gates
and distribution centers, reducing truck vehicle miles traveled (VMT) due to intermodal shifts, and
other mitigation strategies can be evaluated. On the ocean side, it should include at least the first 25
nautical miles from where the pilot boards the ship for entry into the port, but this might be extended if
wind direction is a factor.?’ For SIP purposes, the non-attainment area boundary(ies) might be used.
EPA’s marine inventory in the Category 3 engine rulemaking used 200 nautical miles from the coast
as this represents the boundary of the exclusive economic zone (EEZ)*' Using the 200 nautical mile
boundary will include the effect of transiting ships which are typically considered inter-port emissions.

Another consideration is data resolution. In some cases, the inventory parameter boundaries
might extend to the most resolved scope of the input data. For example, county boundaries
might be used in cases where inputs are available only at the county level or greater.

Further, temporal boundaries must be considered. These, too, are likely to be dictated by data
availability and purpose of the inventory. Typically, an inventory covers a single calendar year.

1.6. Estimated Growth Factors

While actual growth factors should be used if possible, average annual growth factors were
estimated by Research Triangle Institute (RTI) for ocean going vessels based upon cargo
movement data from Global Insights Inc.?? Estimated growth rates by region are given in Table 1-2

Table 1-2: Annualized Growth Rates by Region

Region Annual Growth
Rate

South Pacific 5.00%
North Pacific 3.30%
Gulf Coast 2.90%
East Coast 4.50%
Great Lakes 1.70%

Regional definitions are as follows:

e South Pacific—Includes California and Hawaii

 North Pacific—Includes Oregon, Washington and Alaska?®

o Gulf Coast—All Gulf Coast states including the west side of Florida
e East Coast—All East Coast states including the east side of Florida

e Great Lakes—All Great Lake states.

20 Many detailed port inventories do not include cruise in open ocean because it is outside the air basin boundaries in which the
port is situated.

21 EPA, Final Regulatory Support Document: Control of Emissions from New Marine Compression-Ignition Engines at or Above
30 Liters per Cylinder, EPA420-R-03-004, January 2003.

22 RTI International, Global Trade and Fuels Assessment—Future Trends and Effects of Designation Requiring Clean Fuels in
the Marine Sector: Task Order No. 1, Draft Report, EPA Report Number EPA420-R-07-012, December 2006

23 The RTI document divides North and South Pacific at the Oregon-Washington border; however, due to the fact that Oregon
ports are on the Columbia River, it is more likely that growth will be smaller there than at California ports.

ICF International 1-10 U.S. Environmental Protection Agency
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The dividing line between East Coast and Gulf Coast is a vertical line roughly through Key
Largo (Longitude 80° 26’ West). These growth factors should be applied to the number of
known calls to determine future calls at a future date.

1.7. How this Document Differs from the Previous Best
Practices Report

In 2006, ICF released Current Methodologies and Best Practices in Preparing Port Emission
Inventories.! That document described current methodologies and best practices used for
preparation of a port emission inventory, primarily focused on creation of detailed inventories for
ocean going vessels.

The present report updates that document to reflect the current state of the science in emission
inventories, but also provides additional details on a streamlined approach to inventory creation that
should be useful to those either operating with more limited data and/or resources than those
necessary to create a full, detailed emission inventory or those with more limited knowledge of
emission inventories. It should be noted that “best practices” still dictate that a full detailed inventory be
conducted, however, to address the needs of port authorities, those doing business at ports, state and
local entities, or other interested parties to have a standard approach to inventory development,
additional sections have been added here to address creation of streamlined inventories.

Further, this document addresses the issues of greenhouse gas and black carbon emissions.
These species are of current concern for their climate forcing properties but were not included in
the previous report.

Finally, due to the change in focus, this report is no longer referred to as “Best Practices,” although it
does address current best practices in inventory development. Rather, the title has been changed to
“Current Methodologies in Preparing Mobile Source Port-Related Emission Inventories.”

1.8. How to Use this Document

This document is intended to guide both producers and consumers of information regarding
emissions from port activities—including port authorities, those doing business at ports, state and
local entities, and other interested parties—in a common methodology for analyzing port emissions.

This report is structured in such a way that it may be used as a reference for specific topics or read
completely to inform the reader on the current methods of producing a port emission inventory. It is
intended to provide a reference to both the experienced and novice dealing with port emissions,
especially by enhancing the coverage of streamlined approaches to inventory development.

Each chapter is set out by source category, starting with ocean going vessels then followed by
harbor craft, cargo handling equipment, rail, and trucks. In each chapter, a detailed approach is
discussed along with methods to streamline calculations. Ports may decide to do a detailed
approach in some sectors and a more streamlined approach in others.

1.9. Report Organization

The remainder of this report is organized into seven chapters. Chapters 2 through 5 describe how
to prepare emission inventories for the various sectors active at ports (ocean going vessels,
harbor craft, cargo handling equipment, rail, and trucking). Each of these chapters includes a

ICF International 1-11 U.S. Environmental Protection Agency
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discussion of best practice, detailed emission inventory development, as well as methods for
creating streamlined inventory calculations. Chapter 6 describes several case studies of how port
emission inventories have been used in the development and implementation of emission
reduction strategies at ports. Finally, Chapter 7 provides recommendations for further study to
improve port emission inventories. A list of the references reviewed to prepare this document is
attached at the end of the report. A list of acronyms is at the beginning of this report.
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2. Ocean Going Vessels

This section describes the necessary steps to prepare a detailed ocean going vessel (OGV) port
emissions inventory. It includes (1) emissions determination, (2) data sources, (3) vessel
characteristics, (4) activity determinations, (5) load factors, and (6) emissions factors. It then
describes how to prepare more streamlined approximations.

2.1. Emissions Determination

The current practice to calculate emissions from OGVs is to use energy-based emission factors
together with activity profiles for each vessel. The bulk of the work involves determining
representative engine power ratings for each vessel and the development of activity profiles for
each ship call. Using this information, emissions per ship call and mode can be determined
using the equation below.

E=PxLFxAXEF

Where E = Emissions (grams [g])
P = Maximum Continuous Rating Power (kilowatts [k\W])
LF = Load Factor (percent of vessel’s total power)
A = Activity (hours [h])
EF = Emission Factor (grams per kilowatt-hour [g/kWh])

The emission factor is in terms of emissions per unit of energy from the engine. It is multiplied
by the power needed to move the ship in a particular activity.

The next several sections describe data sources to use and how to determine (1) ship
characteristics, (2) activity profiles, (3) load factors, and (4) emissions factors for ocean going
vessels. In each subsection, the detailed approach will be described followed by methods to
streamline the calculations if less accuracy is acceptable.

In a detailed inventory, emissions for each mode (cruise, reduced speed zone, maneuvering,
and hotelling with and without cold ironing) during a call should be calculated using ship type,
actual speed, engine power, load factor, time in that mode and emission factors for propulsion
and auxiliary engines and boilers. It should first be summed by call, then summed by DWT
ranges and then by ship type for an entire year of calls. These data can be used by others when
developing port emission inventories. For the highest level of detailed inventory, parameters
used in the calculation should be weighted by activity. In a simpler methodology, parameters
such as load factor, time in mode, and average power can be weighted by call.

2.2. Data Sources

Various data sources are available to those preparing port emission inventories. These include
Marine Exchange/Port Authority (MEPA) data, U.S. Army Corps of Engineers (USACE)
entrances and clearances data, Lloyd’s Register of Ships (Lloyd’s Data), and Pilot data. The
importance and use of each are discussed below and shown in Figure 2-1. The Coast Guard
Vessel Traffic System (VTS) and the Automatic Identification System (AlS) also can be used to
determine vessel movements. Other data sources that can be found useful are listed in the
reference section at the end of this report.

ICF International 2-1 U.S. Environmental Protection Agency
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Figure 2-1: Data Sources and their Uses

Marine Exchange/ Lloyd’s Register

Pilot Data Port Authority of Ships
+ Distance between + Ship-name “raidina > Ship name
docks + IMO number Riliieieiettvinty >+ IMO Number
+ Average speeds for + Vessel type LAENEEE, . ship-type
each time-in-mode « DWT €mmmmmee- > <+ DWT
+ Tug assist speeds * Flag of Registry = <«--------- > * Flag of Registry
and behavior * Vessel Speed * Vessel Speed
+ Date of Arrival * Engine Type
+ Time of Arrival * Engine Power
« Date of Departure * Engine Speed
« Time of Departure * Build Date
Calculated Average Average Vessel
Vessel Movements Characteristics
. Ca_lls * Ship-type
. ?_hlfts_ Vod » Engine Type
* Time-in-Mode * DWT
» Cruise » Engine Power
* Reduced Speed Zone * Vessel Speed
. Maneyvering » Engine Speed
* Hotelling * Build Date

2.2.1. Marine Exchange/Port Authority Data

The best source of data on vessel operations can be obtained from the local port authority,
marine exchange, board of trade, or other local organization with reliable information on vessel
movements. In most cases, data are in electronic format. Almost all MEPAs record vessel
name, date and time of arrival, and date and time of departure. Larger MEPAs also record
Lloyd’s register numbers, flag of registry, ship type, pier/wharf/dock (PWD) names, dates, and
times of arrival and departure from various PWDs, anchorages, next ports, cargo type, cargo
tonnage, activity description, draft, vessel dimensions, and other information. Generally, one
record of data corresponds to one call within the MEPA but may include shifts between berths
located in the MEPA. MEPASs also can contain more than one port, such as for the Ports of Los
Angeles and Long Beach. Because those ports are in close proximity, one MEPA records ship
movements into and out of both ports.

The electronic data received from the MEPAs provide a way to characterize a typical vessel call
in each port, using the following elements:

o Total time the vessel was in port
e Port(s) of call within the MEPA

e Vessel characteristics (using Lloyd’s vessel characteristic data).

ICF International 2-2 U.S. Environmental Protection Agency
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222 US. Army Corps of Engineers Entfrances and Clearances

As a substitute for MEPA data, the USACE entrances and clearances data can be used to
determine ship calls. The Maritime Administration (MARAD) maintains the Foreign Traffic
Vessel Entrances and Clearances database, which contains statistics on U.S. foreign maritime
trade. Data are compiled during the regular processing of statistics on foreign imports and
exports. The database contains information on the type of vessel, commodities, weight, customs
districts and ports, and origins and destinations of goods.

There are several drawbacks to using USACE entrances and clearances data. First, it does not
contain any call time-in-mode information. Average time in mode and speeds need to be used
with the USACE data to perform a mid-tier analysis. Second, it only represents foreign cargo
movements. Thus domestic traffic, U.S. ships delivering cargo from one U.S. port to another
U.S. port covered under the Jones Act®, is not accounted for in the database. However, U.S.
flagged ships carrying cargo from a foreign port to a U.S. port or from a U.S. port to a foreign
port are accounted for in the USACE entrances and clearances database as these are
considered foreign cargo movements. While at most ports, domestic commerce is carried out by
Category 2 ships, there are a few exceptions, particularly on the West Coast. Unfortunately,
there is little or no readily available information on domestic trips, so determining this without
direct port input is difficult. Third, the entrances and clearances data does not always match
MEPA data because it does not differentiate between public and private terminals at a port. This
is important because a Port Authority may not have jurisdiction over private terminals. A recent
ICF study found that the USACE entrances and clearances data accounted for over 90 percent
of the emissions from Category 3 ships calling on US ports.?

2.2.3. Lloyd’s Register of Ships

Lloyd’s Data is produced by Lloyd’s Register-Fairplay Ltd., headquartered in Surrey, England.?
They offer the largest database of commercially available maritime data in the world in several
formats. The newest version (2008) of Lloyd’s Register of Ships has details on 170,000 vessels
and 200,000 companies that own, operate, and manage them. Two versions worth noting are
the Sea-Web (ships over 100 GT) at $2,950 for a single user and the Internet Ships Register
(ships over 299 GT) at $1,450 for a single user.

Lloyd’s Data contains information on ship characteristics that are important for preparing
detailed marine vessel inventories including the following:

e Name e Dead weight tonnage (DWT)

e Ship Type e Vessel service speed

e Build Date e Engine power plant configuration and
power.

o Flag

24 Merchant Seaman Protection and Relief 46 USCS Appx § 688 (2002) Title 46. Appendix. Shipping Chapter 18.
25 |CF International, Inventory Contribution of U.S. Flagged Vessels, June 2008.
% http://www.Irfairplay.com/Maritime data/ships.html
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All data are referenced to both ship name and Lloyd’s number (IMO Number). Only Lloyd’s
number is a unique identifier for each ship. Lloyd’s insures many of the OGVs on an
international basis, and for these vessels, the data are quite complete. For other ships using a
different insurance certification authority, the data are less robust.

2.2.4. Pilot Data

Information from pilot associations and tide books can be invaluable to the calculation of time-in(
modes.?” A harbor pilot will often board an OGV near the breakwater. This transfer takes place
while the pilot’s vessel and the vessel calling on the MEPA are traveling at a reduced speed of 5
to 7 knots. The harbor pilot takes over from the main pilot and coordinates with any tugs that are
going to assist the vessel in docking. Many times, it is this boarding by the harbor pilot and the
subsequent record keeping that allow the MEPAs to have such detailed records of vessel activity.

Pilots at all of the MEPA waterways should be contacted and asked about typical operations, including
speeds by vessel type. Information on reduced speeds in a typical waterway can be obtained through
conversations with knowledgeable personnel at the MEPA and, when possible, directly with the pilots
responsible for actually handling the vessels in the waterway. Vessel movements then can be
calculated from the MEPA data, and any inconsistencies or lack of data can be resolved by
discussions with the pilots. The data provided by pilots can be used to supplement the data received
from the MEPA and to form a more complete record of each time-in-mode.

2.2.5. Coast Guard Vessel Tracking System (VTS)

The Coast Guard maintains a vessel tracking system to improve maritime safety as well as
national security, and also could enhance port operations. The tracking system provides static
information about vessels, including identity, vessel type, and size, as well as dynamic
information, including its current cargo, destination, course, speed, and estimated arrival time.
This information can be used to verify and improve upon MEPA data as well as provide
statistics of compliance rates for reduced speed zones. It can also be used to determine
average speeds by vessel types in the various waterways of a port.

2.2.6. Automatic Identification System (AlS)

An Automatic Identification System (AIS) is used for identifying and monitoring maritime traffic.?
The AIS sends and receives vessel identification information which can be displayed on a laptop
computer or chart plotter. Information such as vessel name, radio call sign, navigational status
(e.g., at anchor or under way using engine), speed, heading, type of ship/cargo, destination, and
estimated time of arrival are all examples of information that can be displayed. A schematic of
the AIS system is shown in Figure 2-2. The main problem with AIS is that because it is
transmitted from the ship, the receiver needs to be within a reasonable distance of the ship to
pick up the signal. Generally the ship needs to be no more than 60 nautical miles from the
receiver, less for receiving stations that are at lower elevations.

27 Different modes of concern in determining emissions (based on the amount of time spent in each mode) per a vessel call
include cruise, reduced speed zone, maneuvering, and hotelling.

28 http://www.shinemicro.com/AlISOverview.asp
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Figure 2-2: How AIS Works
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Lloyds Fairplay offers an integrated network of AlS receivers in their AIS Live product. >° AIS
Live was the first global AlS network and continues to provide an online application with access
to real time ship movements. Lloyd’s network coverage extends from Europe to North America,
the Caribbean, Mediterranean, and Far East. The AlS Live network provides real time
information in over 100+ countries and over 2,000 ports and terminals around the world. It
currently shows the live positions of circa 27,000 vessels a day. The position of each vessel
within the areas of coverage is displayed on a chart and is updated every 3 minutes, 24 hours a
day. Simply by clicking on a vessel, additional details are available such as IMO number,
MMSID, latitude, longitude, course, speed, and next port.

2.3. Vessel Characteristics

OGVs vary greatly in speed and engine sizes based on ship type. Various studies break out
vessel types differently, but it makes most sense to break vessel types out by the cargo they
carry. Table 2-1 lists various OGV types that should be described in any detailed inventory.

Other characteristics that should be determined from Lloyd’s Data are the propulsion engine
power and engine speed, maximum vessel speed, and engine speed. EPA defines marine
vessel engines (propulsion and auxiliary) in terms of categories as shown in

Table 2-2. These categories relate to land-based engine equivalents. Engine speed
designations are shown in Table 2-3. Most ships have diesel engines, although some older
ships are steamships.

29 http://www.lrfairplay.com/Maritime_data/AlSlive/AlSlive.html
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Table 2-1: Oceangoing Vessel Ship Types

Ship Type

Auto Carrier Self-propelled dry-cargo vessels that carry containerized automobiles.
Barge Carrier Self-propelled vessel that tows lashed barges.

Bulk Carrier Self-propelled dry-cargo ship that carries loose cargo.

Container Ship Self-propelled dry-cargo vessel that carries containerized cargo.
Cruise Ship Self-propelled cruise ships.

General Cargo Self-propelled cargo vessel that carries a variety of dry cargo.

Category for those vessels that do not fit into one of the other categories

Miscellaneous . o
or are unidentified.

Oceangoing Self-propelled tugboats and towboats that tow/push cargo or barges
Tugs/Tows in the open ocean.

Reefer Self-propelled dry-cargo vessels that often carry perishable items.
Roll-on/Roll-off Self-propelled vessel that handles cargo that is rolled on and off the ship,
(RORO) including ferries.

Self-propelled liquid-cargo vessels including chemical tankers,

Tanker petroleum product tankers, liquid food product tankers, etc.

Table 2-2: EPA Marine Compression Ignition Engine Categories

Approximate

Category Specification Power
Ratings
Gross Engine Power = 37 kW? Small harbor craft and
1 . X . : . < 1,000 kW
Displacement < 5 liters per cylinder recreational propulsion
Displacement 2 5 and < 30 liters OGV auxiliary engines, 1,000 — 3,000
2 or cvlinder harbor craft, and KW
per cy smaller OGV propulsion
3 Displacement = 30 liters per cylinder OGV propulsion > 3,000 kW

@ EPA assumes that all engines with a gross power below 37 kW are used for recreational
applications and are treated separately from the commercial marine category.

Table 2-3: Marine Engine Speed Designations

Speed Category Engine RPM® Engine Stroke Type

Slow <130 RPM 2
Medium 130 - 1,400 RPM 4
High > 1,400 RPM 4

¥ RPM = revolutions per minute
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In the 2001 emission inventory for the Port of Los Angeles (PoLA), Starcrest shows that Lloyd’s
Data fairly accurately records both ship power and vessel service speed.*

Auxiliary engine power also can be determined from Lloyd’s Data, but many records are missing
this information. Prior practice has been to use a fixed power rating for auxiliaries based on ship
type and activity mode or to assume auxiliary power is equivalent to 10 percent of propulsion
power.>" In the PoLA inventory, Starcrest collected information from Lloyd’s Data and
Starcrest’s vessel boarding program. California Air Resources Board (ARB) conducted an
Oceangoing Ship Survey of 327 ships in January 2005.%? Table 2-4 shows average auxiliary
engine power compared to propulsion power obtained from the ARB survey. While it is
important to determine proper ratios for each port because of differences in the types of ships
calling on that port, these ratios and engine speeds can be used in mid-tier inventory
development as a surrogate for auxiliary power if no other data are available.

Table 2-4: Auxiliary Engine Power Ratios (ARB Survey)

Average Auxiliary Engines

Average Auxiliary to
Ship Type Propulsion Power | 1otal Power Engine Propulsion
Engine (kW) Each (kW) Speed Ratio

(kW)
Auto Carrier 10,700 2.9 983 2,850 Medium 0.266
Bulk Carrier 8,000 2.9 612 1,776 Medium 0.222
Container Ship 30,900 3.6 1,889 6,800 Medium 0.220
Cruise Ship® 39,600 4.7 2,340 11,000 Medium 0.278
General Cargo 9,300 29 612 1,776 Medium 0.191
RORO 11,000 29 983 2,850 Medium 0.259
Reefer 9,600 4.0 975 3,900 Medium 0.406
Tanker 9,400 2.7 735 1,985 Medium 0.211

@ Cruise ships typically use a different engine configuration known as diesel-electric. These vessels use large
generator sets for both propulsion and ship-board electricity. The figures for cruise ships above are estimates
taken from the Starcrest Vessel Boarding Program.

Fuel type also is instrumental in determining emission factors and should be determined for
each port. Practically all OGVs operate their main propulsion engines on residual oil (RO).
However, most ships have at least two tanks and reserve one for either marine diesel oil (MDO)
or marine gas oil (MGO). The later two fuels are refined and used mostly for auxiliary engines
and for cleaning and cold start-up of propulsion engines.

Data collected during the ARB survey in January 2005 indicated that approximately 29 percent
of auxiliary engines used MGO instead of RO. For cruise vessels, only 8 percent used MGO

30 Starcrest Consulting Group LLC, Port of Los Angeles Baseline Ai Emissions Inventory -2001, prepared for the Port of Los
Angeles, July 2005.

31 ENVIRON International Corporation, Commercial Marine Emission Inventory Development, prepared for the U.S.
Environmental Protection Agency, April 2002.

32 California Air Resources Board, 2005 Oceangoing Ship Survey, Summary of Results, September 2005.
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instead of RO. Generally older ships require MDO in their auxiliary engines while newer ships
can tolerate RO. As the price of fuel increases, many ship operators will opt to use RO in their
auxiliary engines due to its lower cost. While it is better to determine actual percentages of ships
that use MGO instead of RO for their auxiliary engines for a given port, the percentages listed
above can be used as a surrogate.

Generally, one should calculate auxiliary power from the total propulsion power (listed in the
Lloyds data) using the ratios in Table 2-4. Auxiliary power is considered in addition to the
propulsion power on a ship. However, many passenger ships and tankers have either diesel-
electric or gas turbine-electric engines that are used for both propulsion and auxiliary purposes.
Lloyds clearly calls out these types of engines in their database and that information can be
used to distinguish them from direct and geared drive systems. Generally the power Lloyds lists
for electric drive ships is the total power, which includes power for both propulsion and auxiliary
uses. To separate out propulsion from auxiliary power for purposes of calculating emissions for
electric drive ships, the total power listed in the Lloyds data should be divided by 1 plus the ratio
of auxiliary to propulsion power to give the propulsion power portion and the remaining portion
should be considered auxiliary engine power.

Great Lake deep draft vessels are unique from OGVs in several ways. First, much of the fleet
remains within the Great Lakes and never transits to the open ocean. These ships are called
“Lakers.” Lakers are generally self unloading bulk carriers and most have Category 2 propulsion
engines. Ships that enter the Great Lakes from the open ocean through the St. Lawrence River
are known as “Salties.” While there is considerable transit of Salties down the St. Lawrence
River and cruise in the open ocean, most of the transit and cruise modes occur in Canada and
thus are ignored in the U.S. inventory.

Some ship types are also unique to the Great Lakes. These include self-unloaders, shuttles,
and ITBs. Self-unloaders are bulk carriers with self-unloading equipment. Shuttles are self(’
unloaders that shuttle cargo from one dock to another within a port and are unique to Cleveland,
OH. ITBs are integrated tug-barges and include ATBs or articulated tug-barges. These are
unique from pushboats/towboats and barges because the barge is always attached.

2.4. Activity Determination

The description of a vessel's movements during a typical call is best accomplished by breaking
down the call into sections that have similar speed characteristics. Vessel movements for each
call are described by using four distinct time-in-mode calculations. A call combines all four
modes, while a shift normally occurs as maneuvering. Each time-in-mode is associated with a
speed and, therefore, an engine load that has unique emission characteristics. While there will
be variability in each vessel’'s movements within a call, these time-in-modes allow an average
description of vessel movements at each port. Time-in-modes should be calculated for each
vessel call occurring in the analysis year over the waterway area covered by the corresponding
MEPA. The time-in-modes are described in Table 2-5.

ICF International 2-8 U.S. Environmental Protection Agency
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Table 2-5: Vessel Movements and Time-In-Mode Descriptions within the MEPA Areas

Summary Table s

Call A call is one entrance and one clearance from the MEPA area.

A shift is a vessel movement within the MEPA area. Shifts are contained in calls. While
Shift many vessels shift at least once, greater than 95 percent of vessels shift three times or
less within most MEPA areas. Not all MEPASs record shifts.

Time at service speed (also called sea speed or normal cruising speed) usually
considered to be 94 percent of maximum speed and 83 percent of MCR. Calculated for

Cruise (hr/call) each MEPA area from the port boundary to the breakwater or reduced speed zone. The
breakwater is the geographic marker for the change from open ocean to inland waterway
(usually a bay or river).

Time in the MEPA area at a speed less than cruise and greater than maneuvering. This is
the maximum safe speed the vessel uses to traverse distances within a waterway leading
to a port. Reduced speeds can be as high as 15 knots in the open water of the
Chesapeake Bay, but tend to be more in the order of 9 to 12 knots in most other areas.
Some ports are instituting RSZs to reduce emissions from OGVs as they enter their port.

Reduced Speed
Zone® (RSZ) (hr/call)

Time in the MEPA area between the breakwater and the PWD. Maneuvering within a port
generally occurs at 5 to 8 knots on average, with slower speeds maintained as the ship
reaches its pier/wharf/dock (PWD) or anchorage. Even with tug assist, the propulsion
engines are still in operation.

Maneuver (hr/call)

Hotelling is the time at PWD or anchorage when the vessel is operating auxiliary engines
only or is cold ironing. Auxiliary engines are operating at some load conditions the entire
time the vessel is manned, but peak loads will occur after the propulsion engines are shut

Hotelling (hr/call) down. The auxiliary engines are then responsible for all onboard power or are used to
power off-loading equipment, or both. Cold ironing uses shore power to provide electricity
to the ship instead of using the auxiliary engines. Hotelling needs to be divided into cold
ironing and active to accurately account for reduced emissions from cold ironing.

@ Referred to as the Transit zone in many inventory documents.

Cruise speed (also called service speed) is listed in Lloyd’s data and is generally taken as 94
percent of the maximum service speed. Distances from the maximum port boundary to either the
RSZ or the breakwater®® are used with the cruise speed to determine cruise times into and out of
the port. Some MEPAs record which route was used to enter and leave the port and this information
can be used to determine the actual distances the ships travel. Average cruise speeds by ship type
from the Category 3 inventory® are given in Table 2-6. While actual cruise speeds should be
calculated in a detailed inventory, these can be used as surrogates for more streamlined analyses.

RSZ time-in-mode also is an estimation based on average ship speed and distance. Starcrest
refers to this time-in-mode as “Transit” in their inventory documents. Pilots generally can report
average ship speeds for a precautionary or reduced speed zone. As was found in the PoLA
study, ships tend to move at less than the maximum RSZ speed. For instance, in the PoLA, the
precautionary zone speed is 12 knots or less. Starcrest found, through conversations with pilots
and its vessel boarding program, that auto carriers, container ships, and cruise ships average
11 knots in the RSZ while other ship types average 9 knots in the RSZ. In addition, compliance
with RSZ speeds should be determined. Generally the RSZ starts when a ship enters the US

3 Not all ports have a physical breakwater. Thus for these ports, an imaginary breakwater needs to be defined.
3 |CF International, Commercial Marine Port Inventory Development—2002 and 2005 Inventories, September 2007.
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coastline such as a shipping channel, river or bay where speeds need to be reduced for
navigational purposes. The RSZ ends at the port entrance.

Maneuvering time-in-mode is estimated based on the distance a ship travels from the
breakwater to the pier/wharf/dock (PWD). Average maneuvering speeds vary from 3 to 8 knots
depending on direction and ship type. Generally, outbound speeds are greater because the ship
does not need to dock. Ships go from half speed to dead slow to stop during maneuvering.
Time-in-mode varies depending on the location of and the approach to the destination terminal
and turning requirements of the vessel. Maneuvering speeds should be determined through
conversations with the pilots. In the PoLA inventory, inbound auto carriers, container ships, and
cruise ships averaged 7 knots during maneuvering, while all other ship types averaged 5 knots.
On the outbound route, all vessels averaged 8 knots.

Table 2-6: Average Cruise Speeds by Ship Type

. Cruise Speed

Auto Carrier 18.7
Bulk 14.5
Container Ship 21.6
Cruise Ship 20.9 One Knot,
or one nautical mile per hour,
General Cargo 15.2 is equivalent to
Miscellaneous 13.0 1.15 miles per hour.
OG Tug 14.5
RORO 16.8
Reefer 19.5
Tanker 14.8

Hotelling can be calculated by subtracting time spent maneuvering into and out of a PWD from
the departure time minus the arrival time into a port. If possible, anchorage time (time at
anchorage within the port but not at a PWD) should be broken out from time at a PWD. Some
MEPAs record shifts as well and this will allow for further refinements in maneuvering time.
Other methods to determine hotelling include conversations with pilots. During hotelling, the
main propulsion engines are off, and only the auxiliary engines are operating, unless the ship is
cold ironing. Hotelling times can also be determined from pilot records of vessel arrival and
departure times when other data is not available. Actual hotelling times should be calculated for
each individual port, because hotelling is generally a large portion of the emissions at a port.
Hotelling times should be separated for those ships that use cold ironing at a port and those that
do not. It is important to also look for outliers (ships with extremely long hotelling times) to
eliminate those in the average since they may represent ships at a PWD but not with auxiliary
engines on.

Many variables affect one or more time-in-mode calculations. These variables cannot be
accurately predicted for a ship-type category over an entire year of calls. Traffic conditions,

ICF International 2-10 U.S. Environmental Protection Agency
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weather, vessel schedule, and current are some of the more important variables that dictate
how much time is required at each time-in-mode, especially maneuvering as described below.

o Traffic conditions may make travel in the waterway slower because a wake is more damaging
in a congested waterway, forcing vessels to be more careful and travel at slower speeds.

¢ Bad weather in the form of high winds causes vessels to be more difficult and less predictable
to maneuver. Rain and fog obscure visibility and can make a vessel’'s maximum speed in the
waterway one-third of what it would be on a clear day. Docking at a PWD takes much longer in
bad weather and on busy days, resulting in more time spent at maneuvering speeds.

¢ River or Strait currents should also be taken into account. In some locations, travel up river is
much slower than down river and can affect transit times and loads.

o Vessel schedule also affects time-in-mode. The waterway pilot is at least partially
responsible for keeping the vessel on schedule to meet the tug assist for docking, the loading
or unloading crews, and/or the bunkering vessel. If a vessel is ahead of schedule, the pilot
may use slower speeds in the waterway to conserve fuel and arrive closer to schedule. If the
vessel is behind schedule, the pilot may push speeds to the maximum safe limit in an
attempt to get back on schedule.

In a detailed inventory where actual speeds are used, these factors will be accounted for. In a
mid-tier inventory, these issues cannot be accounted for directly, thus averaging time-in-modes
over a year will smooth out some of these issues.

Since much of the Great Lake fleet operates within the lakes, cruise mode is defined to start 10
nautical miles from the port within the lake and end at 3 nautical miles from the port when the
ship begins to slow to maneuvering speed. RSZ mode begins 3 nautical miles from the port and
is estimated at halfway between cruise or service speed and maneuvering speed. Maneuvering
and hotelling are defined similar to OGVs.

Two unique factors need to be taken into account for Great Lake vessels as well. First, much of the
fleet is older Category 2 vessels and they tend to operate on distillate fuels. Second, a considerable
amount of cargo movements are by Jones Act ships (ships which transfer cargo from one U.S. port
to another) and thus not accounted for in USACE entrances and clearances data. Furthermore,
Lakers tend to have many unloaded trips which are also not counted in the USACE data.

2.5. Load Factors

Load factors are expressed as a percent of the vessel’s total propulsion or auxiliary power. At
service or cruise speed, the propulsion load factor is 83 percent. At lower speeds, the Propeller
Law should be used to estimate ship propulsion loads, based on the theory that propulsion
power varies by the cube of speed as shown in the equation below.*

LF = (AS/MS)?

35 When ships move against significant river currents, the actual speed in the above equation should be calculated based upon
the following: for vessels traveling with the river current, the actual speed should be the vessel speed minus the river speed;
for vessels traveling against the river current, the actual speed should be the vessel speed plus the river speed.

ICF International 2-11 U.S. Environmental Protection Agency
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Where LF = Load Factor (percent)
AS = Actual Speed (knots)
MS = Maximum Speed (knots)

Earlier work by Starcrest and others assumed that this law had a lower limit of approximately 10
percent, representing an assumed stall speed for diesel engines.*® This assumption was
consistent with that used by ENVIRON in their calculations of load factors for ships.®' In
Starcrest’s more recent inventories, they found that load factors as low as 2 percent were
possible.***” These lower factors are possible, because ships often cycle their propulsion
engine on and off during maneuvering to reduce speeds below the dead slow setting of
approximately 5.8 knots. In fact, during its vessel boarding program at the PoLA, Starcrest
found container ships had engines stopped 25 to 50 percent of their time during maneuvering.
While load factors should be calculated using the above propeller law for each call, load factors
below 2 percent should be set to 2 percent as a minimum.

Load factors for auxiliary engines vary by ship type and time-in-mode. It was previously thought
that power generation was provided by propulsion engines in all modes but hotelling. Several
studies have shown that auxiliary engines are on all of the time, with the largest loads during
hotelling (except when cold ironing*®). Starcrest determined estimates in their 2005 inventory for
Port of Los Angeles® for auxiliary engine load factors through interviews conducted with ship
captains, chief engineers, and pilots during its vessel boarding programs. The auxiliary engine
load factors shown in Table 2-7 are based upon those estima