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1. INTRODUCTION

1.1. Overview

Diesel-powered marine vessels emit high levelszaine precursors, particulate
matter, and other hazardous air pollutants assatiafth long-term and acute public
health effects, and much of the marine activityusscin close proximity to densely
populated areas. Diesel engines typically are usetbmmercial applications because
they are more fuel efficient, durable, and powetifiisin gasoline engines; however, most
were not required to meet an emissions standard Wiey were manufactured. Although
more stringent federal standards will go into dffiec newly manufactured engines over
the next decade, nationwide tens of thousands-akéncommercial diesel engines and
millions of pleasure craft diesel engines will dooe to emit large amounts of pollution
for the foreseeable future, absent further comtr@asures. In addition, marine vessels are
under-regulated relative to other mobile sourceaiopollution. Consequently, a variety
of cost-effective emissions control measures caalieve significant reductions in this
sector.

The marine fleet in Boston Harbor includes a broadge of recreational and
commercial vessels that are powered primarily ®geli engines. To better characterize
pollutants emanating from the harbor's commerciaetf NESCAUM developed a
preliminary inventory of emissions from passenggriés, tour boats, tugboats, military
craft, and other vessels, which are collectivelpwn as “harbor craft.” In 2005, there
were 93 harbor craft in Boston Harbor. The inventdoes not include either fishing or
recreational vehicles. NESCAUM also developed revemdations and a menu of
control options for reducing emissions from thesarses, as well as a set of potential
partnerships and outreach strategies. This rejponimarizes the findings of the scoping
study and provides preliminary information to theaddachusetts Department of
Environmental Protection for its consideration wfigsions reduction strategies.

1.2. Background

In 1999 NESCAUM published a study that estimatexissions from commercial
and private vessels operating in Boston HafbdFhat inventory included commercial
marine vessels, ocean-going vessels, fishing boatseational vessels, and harbor craft.
The study concluded that for the study year (128Ayessels emitted 1,400 tons of NOx
and that the harbor craft sector emitted approxiyat9 percent of total NOx if fishing
and recreational boats are included -- 23 peri€gunst ferries and tugboats are included.
Figure 1-1 below shows the NOx contribution in 19&m all marine vessels in Boston
Harbor.

! NESCAUM, "Nonroad Engine Emissions in the Northeak399.
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Figure 1-1 Boston Harbor Vessel NOx Emissions (‘9Report)
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The 1999 NESCAUM study estimated that 51 percenallbfarine emissions
from Boston Harbor come from ocean-going vesselsn@rily tankers) carrying fuel,
vehicles, textiles, and other cargo. The Inteamati Maritime Organization (IMO) sets
emissions standards for ocean-going vessels (@gCat 3 - "C3") with guidance from
the U.S. EPA and environmental agencies from castrround the world. States and
multi-state organizations are working with EPA tafluence the IMO to set more
stringent standards. While the IMO process unfoltates can achieve emissions
reductions in busy ports by focusing on the smallessels that, at least in Boston
Harbor, emit nearly half of all marine NOx emissqd9 percent).

The current study adds to the 1999 NESCAUM repgrptoviding an updated
and more detailed inventory of harbor vessels.fitréifom ferry and excursion vessels
has increased since the previous study, and the @€$brt did not evaluate emissions
from excursion vessels, which are an important @af emissions in the harbor. The
report is divided into five sections: section 1\pdes an overview of the issues; section 2
summarizes the Boston Harbor vessel and emissiorentory; section 3 provides an
overview of emissions control options for marine rbdw craft and specific
recommendations for the fleets; section 4 providé&gmation on outreach and emission
control policy options; and section 5 presents tmions and recommendations.
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2. INVENTORY METHOD AND RESULTS

2.1. Overview

The goal of this component of the study was to tigvea preliminary vessel and
nitrogen oxides (NOx), particulate matter (RM Carbon Monoxide (CO), and
hydrocarbon (HC) emissions inventory for harborftcoperating in Boston Harbor; this
study does not include ocean-going vessels, fishaads, or recreational vessels.

As a first step, the fleet was grouped accordingngine size, age, and manufacturer.
This information was needed for calculating emissiand for matching potential control
options to the specific vessels in the fleet. Tiaes relied on fuel usage, hours of use,
and recent emission factors determined by engingepower as the primary means for

calculating emissions

2.2. Methods

This section describes the methodology used in |ldpie the emissions
inventory. This section: (1) describes the differgessel types and their operational
characteristics; (2) provides information on howadaere obtained for each vessel type;
and (3) describes how emissions were estimated.

2.2.1. Vessel Types and Operational Characteristics
The scope of this inventory includes marine hartyaft that primarily operate

within or near Boston Harbor. NESCAUM collectedommation on the following types
of harbor craft:

» Ferry/Excursion Vessels

* Towboats/Pushboats/Tugboats
» Government Vessels

* Dredging Vessels

These category classifications are similar to thessifications used in the
California Air Resources BoardSatewide Commercial Harbor Craft Survey and other
ports’ commercial marine vessel inventories. Tabl@rovides a breakdown of the
number of vessels by vessel category operatingpstd® Harbor.

Table 1: Number and Type of Vessels Operating in Bxton Harbor

Vessel Type Number of vessels
Ferry/Excursion Vessels 35
Tugboat/pushboat/towboats 15

Government Vessels 46

Dredging Vessels 1

Total 97
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Ferries and Excursion Vessels

Ferries and excursion vessels are common in Badabor. A portion of the
ferries that operate in the harbor are commutetshoahich tend to run on a fixed
schedule throughout the year, with lower activityidg the winter season. On average,
ferries operate approximately fourteen hours a dapending on the route. A typical
route is forty-five minutes to an hour long. Exdarsvessels include harbor cruises,
whale watching, and charter cruises that are f@r florr the general public.

Towboats/Pushboats/Tugboats

Towboats, pushboats, and tugboats are self-prapediesels that engage in two primary
operations: unit tow and line haul. A unit tow maglude hauling bulk materials such as
rock, sand, gravel, and scrap metal. These vealmisundertake bunkering moves (to
fuel ocean-going vessels) and haul bulk liquid mteey. Another form of unit tow,
called fleeting, involves moving and positioningrdes around the harbor. Fleeting
operations are conducted by towboats, pushboadstugioats. Line hauling operations
typically extend beyond the harbor and entail abi&t and barge moving to and from
the port.

Government Vessels

Federal, state, and local government vessels @pardoston Harbor, including
those of the U.S. Navy, Massachusetts State Pblaméne Division, U.S. Coast Guard,
and the Boston Police Harbor Control. The Bostbot$?Association also operates two
pilot boats to transfer port pilots to and fromsas. The U.S. Coast Guard operates a
number of vessels in Boston. Emissions from C@asird rescue and other boats that
operate in and around the harbor were includedis ihventory. Large Coast Guard
ships that are based in Boston, but operate outdittee region were not included in this
inventory.

Dredging Vessels
Dredging includes both harbor maintenance, whighlayes smaller clamshell or

excavator dredges to remove silt build-up, andditeelging of new channels for the port
or the deepening of existing channels.

2.2.2.Data Acquisition

NESCAUM interviewed vessel owners and operatorsnveetings, phone calls,
email, and fax to ascertain key operating pararaefar individual vessels. Specific
operating parameters were needed both to calcefaiesions and to determine the best
strategies for reducing diesel emissions from nearvarbor craft. The operating
parameters collected included:

» annual fuel consumption

* hours of operation

» vessel characteristics

* number and horsepower of the primary engine(s)
* passenger carrying capacity
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» wet/dry exhaust; and
* hull type (catamaran or mono-hull).

For some vessels, NESCAUM was not able to colleet éonsumption, hours of
use, and complete horsepower information. ForethmEsats, we estimated horsepower
and hours of use based on data from other vessetduated schedules posted on
websites, and looked at other available informatioorder to calculate emissions. For
that reason the emissions inventory numbers faethessels are just estimates and need
to be refined. A list of vessels for which we didt obtain information is provided in
Appendix B.

2.2.3.Inventory Method

NESCAUM collected data on three operating pararsetenours of use, fuel
consumption (gallons per year), and primary engdmesepower (hp) to calculate
emissions for NOx, PM, HC, and carbon monoxide (CDhe equation used to estimate
diesel emissions from marine harbor craft comesnfigtarcrest Consulting Group’s
report Port-wide Baseline Air Emissions Inventory at the Port of Los Angeles.’
NESCAUM used EPA emission factors for NOx, PM, &id and cited from Starcrest's
New York, Northern New Jersey, Long Island Non-attainment Area Commercial Marine
Vessel Emissions Inventory

Table 2-1: Emission factors from EPA

Minimum g/kW-hr
kW HP NOy co HC PM,, S0,
F 50 11.0 20 027 0.9 a1
75 101 100 1.7 027 0.4 081
1.30 174 100 1.5 027 0.4 081
225 J02 100 1.5 027 0.3 081
450 603 10.0 1.5 0.z7 0.3 081
Fa0 751 100 1.5 027 0.3 081
1,000 1,241 13.0 25 027 0.3 .51

Source: Starcrest 2003.

The emissions calculation equation is:
E =kW x Act X LF x EF

Where:

2 Starcrest Consulting Group, Inc., 2003.

3 EPA, 1999 Final Regulatory Impact Analysis: Control ofi§sions from Compression-Ignition Marine
Engines, EPA 420-R-99-026.
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E = Emissions, g/yr

kW = Kilowatts

Act = Activity, hours/yr

LF = Load factor

EF = emission factor, g/kW-hr

Since EPA emission factors are in g/kW-hr, engines@power is converted to
kW by dividing by 1.341. Calculated emissions weanverted to tons by dividing
emissions by 2,000 Ibs/ton and 453.6 g/lb.

Emission factors are from the EPA Regulatory Impaoalysis. Activity (in
either hours of use per year or fuel consumptiom) kW information was obtained from
operators. The load factor used for this calcofativas .43, based on the load factor
estimated in the Starcrest report (see below fdiseussion of the load factor assumed
for this calculation). The emission factors frorable 2.1 were used for Category 1
engines. Emission factors for Category 2 engines were &g&en from the Starcrest
report, based on ENTEC factors for medium speedneagwhich are characteristic of
most of these engines. The EPA RIA emission factor Category 1 engines could be
used, but are not well defined for engines ovefQ,Bp. For that reason, the ENTEC
factors were used for engines over 1,000 hp. Wdbkese numbers results in emissions
that are 11 percent to 40 percent higher for HC RMdrespectively than what the result
would be using EPA RIA emission factors:

g/kW-hr
NOXx (6] HC PMiq SO2
13.20 1.10 0.50 0.72 0.81

Activity was estimated for some vessels based amdiof-use operating data.
For vessels for which activity data were not aydéafuel consumption data were used.
In these cases, the following conversion factor wsed to convert fuel consumption to
hours of use:

4 Category 1 Engines are engines with rated power at or abok/3¥t with a specific displacement of
less than 5 liters per cylinder. These engines are similantbbased nonroad diesel engines that are used
in applications ranging from skid-steer loaders to large @aoing machines.

Category 2 Engines have a specific displacement at or abtitezsSto 30 liters per cylinder. These are
similar to locomotive engines.

Category 1 and Category 2 marine diesel engines are often déowedr use the same technologies as
their land-based counterparts. EPA believes that most ofetitmdlogy being developed to enable the
land-based counterparts to achieve recently finalized emissigrot standards can be applied to marine
diesel engines. Already, limited experience with the applicatibland-based nonroad Tier 2 control
technologies to marine engines, as part of low-emission deratos programs, shows that Category 1
marine diesel engines can achieve emission levels comparable teth standards for nonroad diesel
engines.
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HP-hrs = G x BTU/gal x thermal efficiency x hp-hr/BTU
Where:

G = gallons

BTU/gal = 138,690

Thermal efficiency = 40%

Hp-hr/BTU = 3.93 x 1¢

HP-hrs was substituted in the above emissions flaniar activity. The above
conversion yields an estimate for activity (hourkibowatt hours x load factor) that is
substituted in the Starcrest equation as illusirdielow. The estimate for activity is
substituted for the parts of the equation highkghih bold and large font:

E=kW X Act X LF x EF

For some operators (identified in Appendix B) neitlnours of use, fuel consumption,
nor complete horsepower information was availalESCAUM therefore estimated that
each of their boats has a total of 1,000 horsepewgine(s) and operated for 2,000 hours
each year. For these ships, we also used emissitor$ for Category 1 engines.

2.3. RESULTS

This section provides the emissions inventory farblr vessels operating in
Boston Harbor, calculated in tons per year for N®k], CO, and HC. Table 2-2
summarizes the findings of the inventory for th&fedent types of vessels. In 2005
harbor craft emitted 857 tons of NOx, 20 tons of,Rlg5 tons of CO, and 18 tons of HC.
The highest emissions came from ferry/excursiorseiss which emitted 595 tons of
NOx and 14 tons of PM. The second largest amofimfi@x and PM came from
towboats and tugboats which emitted 174 tons of ld@k4 tons of PM.

Table 2-2: Harbor vessel emissions by vessel type

Boston Harbor Craft NOXx PM CO HC
Ferry/Excursion Vessels 594.89 13.71 114.41 12.94
Tow Boats/Push Boats/Tug Boats 173.90 4.01 33.44 3.41
Government Vessels 84.12 1.95 16.18 1.69
Dredging 9.16 0.21 1.76 0.19
Total Emissions 862.0¢ 19.8¢ 165.7¢ 18.0¢

Figures 2-2 and 2-3 below show that, as a percentdgtotal harbor vessel
emissions, ferries and excursion vessels emit 70epé of NOx and PM emissions.
Tugboats emit the second largest amount of NOx g contributing 20 percent of
NOx PM. Government boats are the third largestgaty, emitting 9 percent of NOx
and PM from all harbor craft vessels. The one deemjgerating in Boston Harbor in 2005
emitted one percent of NOx and one percent of PM. 2005, Ferry/excursion vessels



Scoping Sudy to Evaluate Emissions from Harbor Craft Page 8

numbered 34, government vessels numbered 42, ttggboanbered 15, and there was
one dredge located in the Harbor. While the nundfderry/excursion vessels is less
than the number of government vessels, activity lmmdepower for the ferry/excursion
vessels was significantly greater than for the gowent (Navy and police) boats.

Figure 2-2 Boston Harbor Craft NOx Emissions by Vesel Type
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Figure 2-3 Boston Harbor Craft PM Emissions by Vessl Type
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Figures 2-2 and 2-3 show that the majority of hadraft NOx and PM emissions
in 2005 came from ferry and excursion boats.

Given the low level of dredging activity in 200%iig report does not focus on
control options for dredges. If, however, a harlg@epening project were to be
undertaken in Boston (as in the Port of New YorkiNkrsey), emissions from dredges
would need to be considered for mitigation. Tabl@ provides a summary of harbor
vessel emissions by vessel operator.
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Table 2-3: Summary of Boston Harbor Vessel Emissis by Operator

Boston Harbor Craft NOX (tly) PM (tly) CO (tly) HC (t/ y)
Mass Bay Lines 34.02 0.79 6.54 0.71
Boston Harbor Commuter Service - MassPort 3.39 0.08 65 0. 0.07
Harbor Express - MBTA 246.62 5.69 47.43 5.12
Odyssey Cruise Ship 6.98 0.16 1.34 0.14
Princess Yard Charters Limited 9.31 0.21 1.79 0.1
Boston Harbor Cruises 237.51 5.48 45.68] 4.93
A.C.Cruise Line 18.62 0.43 3.58 0.39
Charles River Boat Company 18.62 0.43 3.58 0.3
Schooner Liberty, Inc. - Liberty 9.31 0.21 1.79 0.19
U.S Coast Guard 4.98 0.12 0.96 0.05
Spirit of Boston - Spirit of Boston 9.31 0.21 1.79 0.38
Constellation Tug Corporation 13.00 0.30 2.50 0.274
Boston Line and SVC Co 1.21 0.03 0.23 0.03
Sea Tow 2.33 0.05 0.45 0.05
Naval Ships to Charlestown 0.35 0.01 0.07 0.01
Great Lakes Dredging 9.16 0.21 1.76 0.19
Mass. State Police Marine Division 27.86 0.64 5.36 0.5
Boston Police Harbor Patrol 8.37 0.19 1.61 0.17
Boston Towing & Transportation 158.57 3.66 30.49 3.29
Boston Pilots Association 42.56 0.98 8.18 0.88
Total Emissions 862.0¢ 19.8¢ 165.7¢ 18.0¢

The operations that emit the highest amount of N@w, CO, and HC are Harbor
Express (MBTA), Boston Harbor Cruises, Boston Tayamd Transportation, Boston
Pilots Association, and Mass Bay Lines. Togethese five operations emit 84 percent
of the NOx and PM emissions from all harbor crafBoston Harbor. It should be noted
that NESCAUM was not able to obtain fuel consummptioours of use, or complete
horsepower data for Boston Harbor Cruises anddhusre in depth analysis of the
activity of these vessels needs to be completeghir activity (hours of use and fuel
consumed) for ferry/excursion vessels greatly edsdleat for other categories of harbor
craft. Other operators with significant emissiamgude A.C. Cruise Line and Charles
River Boat Company (19 tons of NOx edctand the Massachusetts State Police Marine
Division (28 tons of NOx). Appendix B provides issions information for each vessel
in the fleets evaluated. The next section discussgssions control options.

Emissions for some Coast Guard vessels were nlodied in this inventory.
Three boats operate outside of the harbor for th&t part - either patrolling the New
England coast, or on longer trips out of the regi@mly emissions from rescue boats,
and two smaller vessels that operate in the Haseoe included.

® These operators did not provide data on their boatshaisdiese numbers should be confirmed in a
future study.
® The Escanaba, Seneca, and Spencer are the ships which opisidteaf the Harbor.
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3. EMISSION CONTROL TECHNOLOGY OPTIONS

This section provides a general overview of optiéms controlling emissions
from harbor craft, an assessment of control teadyybptions by vessel/engine type, and
specific control technology recommendations forwassels operating in Boston Harbor.

3.1. Emission Control Technology Options

NESCAUM evaluated available emission control opgi@md developed a matrix
providing options by the vessel type, dependingeagine model, horsepower of the
engine, and whether the exhaust is water jacket@tsolated dry exhaust (see Appendix
A). Potential control options include clean fuelfier-treatment, repowering, and vessel
replacement. While not discussed in this study, a simple arekpensive way to reduce
particulate matter emissions from existing diesefjiges is to ensure that they are
properly maintained. Proper maintenance and tumitignot only ensure the fuel is
more completely burned during combustion, but afsduce operating costs by
improving fuel economy, preventing more costly nance, and extending engine life.

3.1.1.Refuel

Refueling involves substituting cleaner-burningléutor the conventional diesel
fuel. EPA and CARB have verified a variety of e¢leafuels for on-road applications.
Though not specifically verified for nonroad apphlions, alternatives such as low and
ultra-low sulfur diesel, biodiesel, emulsified fuelnd oxygenated diesel can reduce
emissions from harbor craft. For harbor vesseilsgusigh sulfur diesel (3000 ppm) the
use of low sulfur diesel (300-500 ppm) is a viakled effective strategy. Some
alternative fuels present challenges, such as lwatdiing concerns with biodiesel,
unknown and untested durability issues with emigdifuel in two-stroke engines; and
issues with supply and lubricity.

ULSD

Fuel with reduced sulfur content is an effectivéueting option for reducing
emissions. Ultra-low sulfur diesel (ULSD) fuel tvih maximum sulfur content of fifteen
parts per million has been adopted by EPA as a @laits heavy-duty on-highway
regulatory program, which will begin implementation mid-2006. In a number of
regions of the country, including Boston, ULSD alitg is available for use by centrally
fueled fleets. Sulfur in fuel tends to affect thmdtion and longevity of after-treatment
devices, so ULSD often is required for the effeetilse of diesel particulate filters and
can enhance the effectiveness of diesel oxidatadalysts. Reduced sulfur content also
provides emission benefits without additional afteatment, because a portion of PM

’ Note that all marine engines are water cooled, either directaoa Vieat exchanger. Marine
exhaust systems must be insulated to prevent surface tempsgiatthe engine room from rising above the
flash point of diesel fuel. Insulating the surface of thieaest can be accomplished with either insulating
material or by water jacketing the exhaust. Some enginesnaiitr jacket exhaust go a step further and
inject that water into the exhaust system for additional sgand sound attenuation. In these systems the
installation of a catalyst for instance would require redesfgiinie water injection location and may also
require some physical insulation if water jacketing cannot beghed.
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emissions is comprised of sulfates. The use ofWhka®ne (without after-treatment) in
nonroad applications can reduce PM emissions fraon1% percent.

Biodiesel

Biodiesel is a cleaner burning fuel that can bendbdel into petroleum diesel to
improve emission characteristics. Derived from dstit, renewable sources such as fats
and vegetable oils (usually soy bean-based), Betliieefers to the pure fuel (“neat”)
before blending with diesel fuel. A blend of 20rgent biodiesel and 80 percent
petroleum diesel fuel (B20) has been demonstratqatdvide emission benefits without
adversely affecting engine operation. Pure biadi€é3100) is biodegradable, non-toxic,
and virtually free of sulfur and aromatics. Theigsions reduction effectiveness varies
between B20 and B100 biodiesel. Generally, NOxssimons increase from 2 to 10
percent with the level of biodiesel in the fuelrddein mobile sources,. Conversely, PM
emissions decrease proportionately with higher I¢ewd biofuel. There is a linear
reduction in CO and HC emissions with the addibbbiodiesel.

Emulsified Diesel Fuel

Emulsified diesel fuel (EDF) is a petroleum disti#-based fuel that undergoes a
process, called emulsification, in which a proigtchemical additive agent is used to
suspend water micro-droplets in the fuel, typicaliyh the following ratio: 77 percent
diesel, 20 percent water, and 3 percent emulsifggent. The water content ranges from
5 to 40 percent, depending on the production sigatibn and end-user application. The
use of EDF can achieve NOx reductions of 10 to @@gnt and PM reductions of 15 to
60 percent. However, significant losses in fuebrexny, on the order of 10 to 30
percent, have been experienced with emulsifiedetieeel. The actual fuel economy
penalty is a function of the percentage of watdahafuel, the onroad or nonroad engine
application, and the age of the engine.

Oxygenated Diesel Fuel (O2D)

Oxygenated diesel is a diesel fuel blend using dkggenate ethanol and a
stabilizing proprietary additive technology. Maacturers of oxygenated diesel fuels
claim a significant reduction in PM and visible dmoplus some NOx and CO
reductions. The product is fully fungible with aliesel fuels and can be blended
effectively with any base diesel fuel. There igagential NOx reduction up to 6 percent
and a PM reduction up to 40 percent when used mjuaoation with a diesel oxidation
catalyst.

3.1.2. After-treatment

This section provides an overview of retrofit teglogies available to control
marine engine emissions.

Diesel Oxidation Catalyst

A diesel oxidation catalyst (DOC) is virtually ideral in size and shape to a
conventional muffler, with only marginal additionakight. The DOC *“oxidizes” or
“adds oxygen” to the CO and HC exhaust pollutatasprm carbon dioxide (C£ and
water. Oxygen is present in diesel exhaust inelaggantities, so oxidation occurs
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naturally; a DOC provides a substrate for increqsire oxidation rate of the otherwise
unreacted species as well as lowering the temperauhe exhaust at which oxidation
will occur. The soluble organic fraction (SOF)tiee hydrocarbon derivative organic
carbon (so called “wet” carbon) portion of PM; DO&sdize the SOF fraction, resulting
in PM reductions. DOCs can reduce PM emissionerines by up to 20 percent, and
this percentage can increase in two-stroke apprsitwhere the SOF content of the PM
is higher.

Diesel Particulate Filter

When used in conjunction with a catalyst (“catatyzeaps”), a diesel particulate
filler (DPF) is capable of reducing PM emissions lgy to 90 percent. DPFs have
evolved into the most effective method for reductotal PM emissions from diesel
engines. DPFs remove PM through two stages. , FivetDPF physically entraps the
elemental carbon portion of PM. Then, through @mppbn of elevated exhaust
temperatures, the DPF oxidizes these solid paatiesl to form gaseous products,
primarily CQO,, through a process termed “regeneration.” DPgsire the use of ULSD,
as the high sulfur levels in conventional dieseldunterfere with the oxidation process.

Catalyzed Wire Mesh Filter

The catalyzed wire mesh filter (CWMF) is a relativnew technology that has
been verified by EPA for onroad use in conjunctiath a fuel-borne catalyst (FBC). A
similar “Level 2” flow through filter (FTF) devic@as been verified by CARB. These
devices yield emission reductions more effectivant®OCs but less effective than DPFs.
A CWMF requires an exhaust gas temperature of 236rGt least 25 percent of the
daily duty cycle, which is lower than a DPF typlgalequires.Thus, if low exhaust gas
temperatures prohibit using a DPF, a CWMF mightkwédr CWMF weighs about the
same as a DPF. EPA has verified the following eimsseduction rates for CWMF when
used with a fuel-borne catalyst: 0-9 percent forxN®5-76 percent for PM, 75-89
percent for HC, and 50-66 percent for CO.

Selective Catalytic Reduction

Selective catalytic reduction (SCR) is one of thee¢ commercially available
technologies that show significant promise in radgcNOx from diesel engines
(emulsified diesel fuel and lean NOx catalyststaseother NOx-reducing technologies).
Due to the low transient duty cycle of many maramplications, as well as central
fueling of vessels (typical of ferries), SCR is a@tractive NOx-reduction option. SCR
systems are more complex than other NOx-reductemhriologies and typical PM-
reducing retrofit options such as DPFs and DOCER $equires a dosing mechanism,
typically a source of urea, to introduce a spedicount of ammonia into the exhaust
stream to reduce engine-out NOx. The ammonia at8\OXx to nitrogen gas and
water. An SCR system can be used in conjunctidh a/DPF to achieve effective NOx
and PM reductions. The SCR alone reduces NOx lig 9p percent.
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Lean NOx Catalyst

A lean NOx catalyst (LNC) operates much like an S@, with an outside
agent effecting the NOx reduction. The LNC introelsi@ charge of hydrocarbons into
the exhaust through direct injection or throughaee linjection of fuel into the engine
cylinders. With this system, NOx can be reducedhfB0 to 50 percent.

3.1.3.Rebuild Existing Engines to Tier 2 Standards

While long lived, diesel engines do require pemadibuilding. Rebuilding older,
higher emitting engines to newer engine emissidaadards can provide emissions
benefits. Rebuilding engines reduces emissiongmpyoving combustion through in-
cylinder and fuel injection modifications. The Tig Standard for Category 1 and 2
marine diesel engines took effect beginning wite #004 model year. It is a NO
standard only, at a value of 9.8 g/kW-hr. The Te$tandards (g/kW-hr) for Category 1
and 2 marine diesel engines are as follows:

Tier 2 Standards For Category 1 & 2 Marine Diesel Bgines

Category| Displacement| Power| Model | HC +| PM | CO
(liters/cylinder)| (kW) | Year | NOy
C-1 <0.9 >37 | 2005 | 75 | 0.4 |5.0
C-1 09-1.2 2005 | 7.2 | 0.3 |5.0
C-1 1.2-25 2004 | 7.2 | 0.2 | 5.0
C-1 25-5.0 2007 | 7.2 | 0.2 5.0
C-2 5-15 2007 | 7.8 | 0.27|5.0
C-2 15-20 <3300| 2007 | 8.7 | 0.5|5.0
C-2 15-20 >3300| 2007 | 9.8 | 0.5 | 5.0
C-2 20 - 25 2007 | 9.8 | 0.5 |5.0
C-2 25-30 2007 | 11.0| 05| 5.0

3.1.4.Repower Existing Engines with New Tier 2 Engines

Replacement of the engine (repowering) may be gp@te where a fleet
operator has diesel-powered equipment (e.g., cenanroad equipment) with a useful
life that is longer than the life of the engine.eg@wering may also be an appropriate
alternative where use of ULSD is not a viable aptidbecause new engines are
engineered to dramatically reduce emissions, evieenwsing the currently available
diesel fuel. In some cases, however, repowering nwybe cost-effective. To prevent
damage to the vehicle or equipment, owners showdswdt original equipment
manufacturers to ensure that the torque and honsapof replacement engines are
properly matched to the original application.
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3.2. Operational Strategies to Reduce Diesel Emissions

Other control strategies do not involve the appiocaof technology per se, but
rather address the way in which diesel vehiclesused. Reducing idling time from
harbor craft is an effective operational stratedysing off-shore power, also known as
“cold ironing,” can reduce idling time. This skgly is most effective for vessels that
have long hotelling times, multiple annual vessdls¢ and high auxiliary power needs.
Cold ironing uses shoreside power at berth ratrear tunning auxiliary diesel engines.

3.3. Assessment of Control Options by Vessel/Engine Type

This section assesses the limitations in applyisgam control strategies to
harbor craft, based upon vessel and engine chasdici® Considerations include two-
stroke engines vs. four-stroke engines, vessey fluladed speed (surrogate for duty
cycle), space constraints, engine age, and wetiyehy exhaust.

3.3.1. Engine Characteristics

Diesel engines operate under either two-strokewor-§troke combustion cyclés,
and, which type is prevalent for a specific apglamadepends on a number of technical
and economic factors. Most modern diesel engihas gjower on-highway trucks and
buses, nonroad construction equipment, and mangeigesare four-stroke engines.
Locomotives, especially those used in commuter agjplications, typically are two-
stroke engines. For the ferries inventoried in ghigly, four-stroke engines predominate,
although some two-stroke engines are in use. Tiferehce between the two types of
combustion cycles, as well as the underlying reasony each diesel engine type may
have been selected for specific vessels, is disdusslow.

Combustion Cycle

All engines essentially are energy conversion devithat convert chemical
energy (i.e., supplied fuel) into mechanical enefigy., for turning wheels, propellers,
etc. to propel the vehicle or vessel). This corntibascycle to release the chemical
energy involves the following four events: intakieair into the combustion chamber;
compression of the intake air to a specific in4oglér temperature and pressure; injection
of diesel fuel, which ignites and burns as it igated producing additional pressure and
temperature with application of resultant forcethe piston; exhaust and release of
combustion gases from the engine. These fourndisBvents — intake, compression,
power, and exhaust — are common to both two- anddtvoke engines. The two-stroke
engine performs some of these events simultaneousigreas the four-stroke engine
performs these cycles in distinct steps. Accomrtinogahis fundamental difference in
the combustion cycle requires significantly difierggpower, emissions, space, and cost
considerations, which determines their applicatmoertain vessel types.

Four-Stroke Engines

Four-stroke engines distinctly separate the foepsstof the combustion cycle
where each event discussed takes place duringyahe af the piston (i.e. intake stroke,

8 Two-stroke engines are also referred to as twoecgobines; similarly, four-stroke engines are
also referred to as four-cycle engines.
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piston travels to bottom dead center (BDC); congiogs stroke, piston travels to top
dead center (TDC); expansion stroke piston traxeBDC; exhaust stroke, piston travels
to TDC). One advantage of a 4-stroke engines iemeecise management of intake air
than in a two-stroke engine making nearly all of thtake air available for use in the
combustion process. A result is that the fourksreengine typically has lower
emissions. With precise control of fuel injection relative TDC through electronic
controls and turbo-charging to provide more intakemodern four-stroke diesel engines
are considerably cleaner than their older countespand are therefore good candidates
for installation of some type of after-treatmenthe exhaust.

Two-Stroke Engines

In contrast to the four-stroke engine, the twoistrengine combines the four step
process of intake/compression, expansion/exhanist,two cycles of the piston, a two
step process — hence the name, “two-stroke” or -tywae” engine. In a two-stroke
diesel engine the intake event happens at bottaad denter (BDC) and is combined
with compression event as the piston travels oneketor cycle to top dead center
(TDC); The expansion stroke takes place as themistvels to toward BDC with the
exhaust event happening in the same stroke or ojdlee piston. In a diesel two-stroke
engines the intake air is supplied by either a kloar a turbocharger which is forced into
the cylinder via air intake ports near the bottoihreach cylinder, exhaust gases escape
through conventional cam actuated valves in thal heéBwo-stroke engines pose a few
problems related to emissions in addition to thipee a four-stroke engine. The first
issue is that two-stroke engines tend to have pdobeication oil control, which results
in more lube oil on the cylinder walls that is jely combusted leading to high PM SOF
levels. A second issue is that the exhaust arakenevents in a two-stroke engine
overlap far more than they do in a four-stroke pagiresulting in “scavenging” air
passing through the cylinder directly into the exdta Not only does this mean that some
air is not available for combustion (leading to ewair/fuel ratios) but the exhaust
temperatures are also lower than a four-strokejmgakxidation catalysts less effective.

It is generally accepted that emissions from maskstroke engines are so high
as to preclude the use of any after-treatment desigce the high soot content in the
exhaust would cause premature plugging of the éeviRecent innovations in low oll
consumption ring and piston assemblies as welhagviations in the oxidation catalyst
technology itself have overcome many of these ssue

Advantages and Disadvantages — Control Strategyitations

Four-stroke engines have become the predominantechior most on-highway,
nonroad, and marine vessel applications becausdenfdurability, ease of maintenance,
lower emissions (when compared with two-strokel] gonod fuel economy. However,

® Engine emissions characteristics often are refdoes the engine “emissions signature.”
Dirtier engines, such as the two-stroke, typichbye higher emissions signatures than the
cleaner four-stroke.



Scoping Sudy to Evaluate Emissions from Harbor Craft Page 17

the two-stroke engine is attractive for some maapplications, for the following reason:

Most two-stroke engines have fewer moving partsckvimakes them less costly to build
and maintain (i.e., fewer moving parts translatégs fewer components that can fail).
Two-stroke engines spin slower, are far more rididban four stroke engines, and the
engines can be run with some cylinders out of dperaresulting in better vessel

reliability and availability. However, the initiddwer cost of the two-stroke engine must
be weighed against the lower fuel consumption effthur-stroke engine. Indeed, vessel
operators consider yearly hours of service as ac®ff in determining whether to specify
a two-stroke or four-stoke engine. Lighter servicanslates into less fuel demand,
making the initial lower cost of the two-stroke arggmore attractive.

While a number of limiting factors, such as engage, engine compartment
space constraints, and use of wet exhaust systeas,limit the options for emission
control devices (e.g., DPF, DOC), in general, toengaratively cleaner exhaust and
higher exhaust temperatures from the four-strokgnenmakes it a more viable candidate
for add-on control technology. A four-stroke er@that is well-maintained, is relatively
new, and utilizes a thermally insulated dry exhaystem is a likely candidate for any of
the systems described above: DPFs, CWMFs, DOCs, &&RLNC.

The two-stroke engine exhibits a number of openafiocharacteristics that
preclude using most add-on control technologiet stscDPFs, however DOCs are still
possible. First and foremost, the exhaust has wgty PM levels, which would plug most
devices, with the possible exception of the DO@cdnd, even if the exhaust signature
were sufficiently clean to allow use of after-treant, the exhaust temperatures are
generally too low, compromising the ability to effieely reduce NOx and/or PM. For
devices that require elevated exhaust temperatimesoot regeneration (DPF and
CWMF), plugging would result from the lower exhawsmperatures characteristic of
two-stroke engines. Lower exhaust temperaturessadguficantly diminish the emission-
reducing efficiency of the remaining devices (DC&CR, LNC). An SCR unit, for
example, typically requires an exhaust temperdtsineet-spot” to maintain an 80 — 90
percent NOx-reduction capability. At temperatucegside this range (too low or too
high), SCR NOx-reduction drops off dramatically.s A result a DOCs is probably the
only option for retrofitting a two-stroke enginesshof re-powering the vessel with a new
engine.

Engine Age

Determining what model year engine is a suitablartisg point for the
deployment of control technology is complex, withgme duty cycle (see below),
mechanical condition, and state of maintenancegoparamount considerations. Many
engine manufacturers have based their marine pradobnologies on other nonroad
applications that have been subject to federalla¢ign since the late 1990s. In general,
engines manufactured after 2000 are possible catedidfor any of the five control
technologies previously described, and older ersginest be evaluated on a case-by-case
basis. DOCs, which have the lowest maintenancerergants and least susceptibility to
plugging, are likely a viable option for enginesads as the mid-1980s. Finally, engines
that cannot utilize any of the five technologies da high emission signatures or low
exhaust temperatures are candidates for somet, #nof the clean fuels options.
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3.3.2.Vessel Characteristics

In addition to engine type and engine age, mariassels have three other
characteristics that influence control technologynsiderations. Two of these — wet or
dry exhaust and space constraints — are physieahcteristics of the vessel itself, while
the third, duty cycle, is an operational charastarithat directly influences the threshold
exhaust temperature necessary for effective operati the control device. This section
focuses on a description of ferry characteristiceery their large contribution to the
inventory in Boston Harbor. More information onghwat and government vessel
characteristics is needed and could be includedfalow-up study to this report.

Wet Versus Dry Exhaust

Perhaps more so than in the on-highway and congtrusectors, safety is of
paramount concern for ferries, with the U.S. Cdasard invariably involved in control
technology deployment. Within this context, perhépe overarching safety issue is the
risk of fire on board the vessel. The engine eghaystem typically is in an enclosed
space within the hull; the high exhaust temperatunest be isolated from the rest of the
craft to minimize the risk of fire. Two technolegi are employed: the first is a thermal
blanket to insulate the hot exhaust from the ceaft] the second is a wet exhaust cooling
design.

Dry systems, utilizing a thermal blanket, have bemsed successfully in on-
highway applications to maintain the exhaust gagperatures at a sufficiently elevated
level to promote regeneration for DPF-equipped ksudNrapping the exhaust on a
typical ferry vessel accomplishes two functionslasing the hot exhaust pipe from the
vessel to reduce the risk of fire, and maintairtimgy exhaust gas temperature in the pipe,
for the potential use of a DPF. Wet systems diged water into the exhaust itself,
cooling the exhaust gases and thereby reducingiskeof exhaust-heat-induced fires.
While it is an effective and often lower-cost meththan the insulated blanket, the
resultant cooled exhaust precludes the use of anyat system after the water injection
point, essentially requiring that the control devlze integrated into the exhaust system
prior to the water injection point.

Vessel Space Constraints

For the sake of profitability, operators of ferrieant to maximize the vessel
space devoted to carrying passengers. Towarcetidsit is not surprising that engine
compartment space is minimized, making for inswgfic space within the hold for
emission control technology. When a DOC is to bepleyed as a direct muffler
replacement, these space constraints often camdseame. For other technologies, such
as some DPFs and SCR, inventive, custom-built desigth unique shapes must be
developed, or the vessel engine room must be neod#t considerable expense. In the
worst case, the technology must be rejected aaldevemissions-reduction option.

Duty Cycle

The final characteristic determining the suitabildf a specific control system
involves the duty cycle (i.e., the operation of #essel itself) and how it affects exhaust
gas temperature. Heavy duty cycles are charactefigelonger routes and/or higher
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speeds with a full load of passengers. Lightey aytcles are characterized by shorter
routes, at lower speeds, often with vessels nletfilo capacity. Heavy duty cycles tend
to generate exhaust gas temperatures, higher iftgerl duty cycles. While vessel duty
cycle provides a first screen for determining tkasibility of various control devices,

temperature data logging of the exhaust gases wuedéwvorld operating conditions is

the only certain method for making a final decision

4. OUTREACH AND POLICY OPTIONS

4.1. Overview

Marine vessel activity is projected to grow andl wdnstitute a greater share of
the overall NOx and PM emissions inventory in fetyrears. Since more stringent
emissions standards will not take full effect farleast another decade, an important
approach in the short term will be to use incerstiad voluntary actions to reduce diesel
emissions. This section offers recommendations docouraging diesel emissions
reduction programs through education and outrgaalicy, and partnerships.

4.2. Education and Outreach

One of the most important elements in promotingoluntary diesel emissions
reduction program is an effective education andremgh campaign. EPA has
administered a number of outreach programs thraighVoluntary Diesel Retrofit
Program. One of the more successful is the Cledio@ Bus USA program, in which
EPA has worked with state and local officials taafe out to school administrators and
school bus fleet operators to participate in rétrpfograms. Together they have
organized workshops and seminars to emphasize niperiance of reducing diesel
emissions from school buses, which have providéoram for stakeholders to become
better informed, initiate a dialogue, and exchamgermation. Program materials
provide background information on air quality, diepollution and its effects on public
health, and available EPA-verified emission contemhnologies. A similar approach
could be taken with marine operators.

Marine operators are more likely to participateairdiesel emissions reduction
program if they can see advantages, such as imgr@veyuality, long-term reduction in
costs, improved fuel economy, improved relationthwiorkers, and being viewed by the
community as good corporate citizens.

4.3. Policy Options

Several U.S. ports are facing pressures to implemegrams that reduce diesel
emissions from on-road vehicles and nonroad equipinecause of both nonattainment
issues and the negative impact of diesel emissionsurrounding communities. Some
policy options to reduce diesel emissions from m&harbor craft include the following.
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4.3.1.Incentive Programs

Federal, State, and Local Grant Programs

Through grant programs, equipment owners receivectdiunding to purchase
cleaner equipment, cleaner engines, emission dotgobnologies, and cleaner fuels.
Grant programs leverage additional funding to covmremental costs of lower
emissions technology. Grants distributed for dieseissions reduction programs are
administered by EPA, states, regional air qualisyritts, cities, and ports.

The most extensive grant program to reduce dieagstons is EPA’s Voluntary
Diesel Retrofit Program, which encompasses suclatives as Clean School Bus USA,
several regional diesel Collaboratives, Clean Pol8A, Diesel Retrofits to Benefit
Sensitive Communities, SmartWay, and Diesel Ret®fants. Equipment owners who
apply for any of the above grants are required eéetrariteria established by EPA.

State Implementation Plans (SIPs).

States with areas that do not meet National Ambi&int Quality Standards
(NAAQS) are required under the Clean Air Act (CA#) submit State Implementation
Plans, demonstrating how the nonattainment arethsattain the NAAQS within a set
time period. Marine operators who participate iesél emissions reduction programs can
generate credit for the state toward required iRfons reductions.

Mobile Source Emission Reduction Credits (MERCSs)

Credits may be traded between similar sources, (ergdits generated by one
power plant are then traded to another power ptaneed of reductions). Similarly, a
credit program has been established for emissiedisctions from on-road and nonroad
transportation sources. This program providesraeritive for marine operators who
want to exchange or profit from MERCSs.

Supplemental Environmental Projects (SEPS)

A SEP is an environmentally beneficial project .(i.enproves, protects, or
reduces risks to public health or benefits the remvnent at large) that a defendant
voluntarily agrees to undertake to settle an eefment action but that the defendant is
not otherwise legally required to perform. SEPsehheen used more frequently in
recent years. Notable were several SEPs (incluoimegwith Toyota Motor Corporation)
totaling $20 million for the retrofit of 2,500 sabidbuses.

The U.S. Coast Guard’s Qualship 21 Program

In 2001 the U.S. Coast Guard developed “Qualship program that offers to
reduce the frequency of vessel safety inspectionsnfarine vessels that demonstrate a
quality track record.

Tax Incentives

Tax incentives are extensively used by governmnisfluence the behavior of
individuals and corporate entities. They typicakyluce the cost of items or activities by
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reducing or eliminating associated taxes, via exgmgp, deductions, and credits. Several
states have offered tax incentives to promote Hasessions reduction programs.

Environmental Impact Statement (EIS) Approvals

Retrofit requirements or recommendations can bleided as mitigation
measures pursuant to federal or state environmiempaict statements/reports for projects
triggering environmental review.

4.3.2.Contract Specification Programs

Modified Contracting Procedures

Although the Clean Air Act generally prohibits stadnd local governments
(except California) from setting their own emissistandards for either new or in-use
engines, some states have added provisions to dbestruction contracts requiring or
encouraging the use of cleaner equipment and/oofitthg or repowering of older
equipment. Provisions added to contracts candakember of forms:

* The contractor is required to adhere to specifiurements for the duration
of the contract. For example, the cost of rettiofit diesel equipment is
embedded into the project budget when submittiegoid.

* A contractor who commits to using cleaner dieseligment for the job will
receive additional scoring points in the bid.

* The winning bidder may receive a contract allowatweetrofit or repower
the contractor’'s equipment for the job.

4.3.3.Environmental Stewardship and Non-Monetary Incentives

Marine operators may choose to take steps to redmmissions with the goal of
improving operational efficiency or embracing eownmental stewardship. Companies
are increasingly finding that it makes good bussngsnse to proactively participate in
environmental stewardship. Governments can pleyleain encouraging environmental
stewardship in many ways, including:

* Providing public recognition

» Providing outreach materials on reducing dieseksions

* Providing facility-specific guidance on assessiagdline emissions and how
to plan for improvements

* Facilitating information exchange and leveragingding

Environmental Management System (EMS)

One proactive approach to environmental stewardsBipdeveloping an
Environmental Management System (EMS), which idaa pntegrating environmental
decision-making into a company’s day-to-day opersti Some of the benefits of
developing an EMS include;

e Improved community relations and public image
* Cost savings
* Improved internal communication
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* Increased competitiveness and market opportunities.

4.4. Partnerships

Building partnerships and collaborating on projeeith fleet owners/operators
and other local, state, and regional stakeholdezseffective means to reduce diesel
emissions from harbor craft. By bringing togetpartners from different entities, varied
complementary skills and experiences are combiredsdlve a defined problem.
Partnerships create opportunities to apply compheang skills and experience, share a
vision, promote mutual respect, and identify opypoities for creative synergy.
Partnerships throughout the country carry out dliesessions reduction programs. These
partnerships may include government, businessy@mwviental non-profit organizations,
and local community groups with a shared visioproftecting the environment.

The Blue and Gold Fleet ferry retrofit project iarSFrancisco, California, is a
successful partnership formed to reduce dieselstoms from harbor craft. Every year
more than two million people visit Alcatraz by wafythe 14 ferries of the Blue and Gold
Fleet. Each diesel-powered ferry vessel makesrakdaily trips. The Blue and Gold
Feet is a National Park Service concessionary tlag@fore the partners want to do their
part to have the least impact on the environment.

Under the West Coast Diesel Collaborative, the Blnd Gold Fleet formed a
partnership, working with EPA, the National Park\&ze, the San Francisco Bay Area
Water Transit Authority, Lubrizol, Cleaire, and ethgovernmental and environmental
organizations to retrofit all 14 ferries with emdss control technologies. The
technologies include Lubrizol's water emulsion fadernative, PuriNOx, and Cleaire’s
Longview SCR device.

NESCAUM has discussed strategies to reduce hartadt emissions with a
number of stakeholders during the course of thggept, including Massport, MBTA,
Greater Boston Breathes Better (GB3), Environmeb&iense, DOT Volpe Center, fuel
providers, and emission control technology prowder The following fleets were
identified as candidates for a harbor vessel eonsgduction project:

Table 4-1:
Fleets
= Massport
= MBTA

= Mass Bay Lines
= Harbor Express
= Harbor Cruises

In addition, we identified an expanded group of eptial partners for a wider
collaboration:

- Asthma Regional Council
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- The Boston Harbor Association

- Boston Natural Areas Network

- Boston Water and Sewer Commission

- Charles River Watershed Association

- The Children’s Museum

- Environmental Defense

- EPARegionl

- Friends of the Boston Harbor Islands

- Greater Boston Breathes Better (GB3)

- Hull Lifesaving Museum

- Island Alliance

- John F. Kennedy Library and Museum

- Massachusetts Bay Transportation Authority

- Massachusetts Department of Conservation and Remrea
- Massachusetts Executive Office of EnvironmentabA§
- Massachusetts Port Authority

- Massachusetts Water Resources Authority

- Museum of Science

- National Park Service

- Neponset River Watershed Association

- NESCAUM

- New England Aquarium

- Save the Harbor

- U.S. Department of Transportation — Volpe Center
- Water Transportation Advisory Committee

5. CONCLUSIONS and RECOMMENDATIONS

This section provides recommendations for reduemgssions from harbor craft
operating in Boston Harbor. It is divided into twarts: technical recommendations and
policy recommendations. Boston Harbor vessels eeuiin this study emitted
approximately 857 tons of NOx, 20 tons of PM, 1é&stof CO, and 18 tons of HC.
Harbor craft emissions are significant when comgaoeotal emissions from the 1999
NESCAUM inventory of Boston Harbor, which were psited to be 1,400 tons of NOx
and 150 tons of PM for all commercial marine vessEmission control programs such
as retrofits and fuels changes could reduce tmsben significantly.

Of the 857 tons of NOx and 20 tons of PM emittgdBmston Harbor craft, 70
percent of these emissions came from ferries aodreion boats. Given the proximity
of the emissions from these vessels to passengaikg dredging or other operations), a
focus on controlling emissions from this sourceldqurovide the greatest public health
benefit.
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5.1. Technical Recommendations

Of the ferry/excursion vessel operations evaluatethe study, two fleets are
responsible for a majority of the emissions: HarBrpress (MBTA) and Harbor Cruises.
Together these fleets emit approximately 485 tdnd@x and 11 tons of PM per year.
Controlling emissions from these fleets would dgseaeduce overall emissions from
harbor craft in Boston. The fleet with the thirigjliest emissions of all harbor vessels
was Boston Towing & Transportation. Recommendatimnghese three fleets with the
highest emissions appear below.

Harbor Express (MBTA)

Several vessels in this fleet (Flying Cloud, Lighte, Voyager, Doc Edgerton)
are candidates for SCR, LNC, DOCs, and possiblgipa®PFs, as engine power is high
and exhaust temperatures are likely to be highheOtessels in the fleet are either too
old or have wet exhaust and therefore are not eiatdndidates for the above
technologies. For these vessels, DOCs may betig#feo some cases. For all vessels,
clean fuels such as emulsified diesel may be alpbiys

Emissions Control Recommendations

» Install DPFs on the Voyager and Doc Edgerton.

» Install DOCs on vessels that either are too oldase exhaust temperatures too low
for DPF use (see specific technology recommendsiioAppendix A). In addition,
the Flying Cloud and Lightening have wet exhaust amre recently re-powered
with new Tier 2 engine¥. DOCs are a good technology choice for these two
vessels.

* For NOx control, consider use of emulsified diefsedl for all fleet vessels. This
strategy could reduce 60 tons of NOx a year anddxat 2 and 7 tons of PM a year
(depending on whether DOCs or DPFs are used).rrdtirvely, SCR or LNC could
be used instead of emulsified fuel if concerns alater emulsion come up during
a more comprehensive analysis of engine charatitsrisit should be noted that the
use of emulsified fuel in marine vessels has baild aveather issues in New
England as well as potential hull/fuel tank coromsissues that have not been fully
vetted by USCG.

Boston Harbor Cruises

For a number of vessels in the fleet (e.g., Nott#o¥ia, Aurora, Anna, Bay State,
James Dougherty, Eugene Louise, Fort Independdfreglerick Nolan), SCR, DOCs,
and passive DPFs are possible control optionse ®®baust gas temperatures should be

191t should be noted that the recent repower of thengl@loud and Lightening with Tier 2 engines will
reduce emissions from these engines - and thus emissiamteckjm this inventory are likely somewhat
higher than actual for these two boats.
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sufficiently high and since engine power is highowever, if exhaust is wet, then SCR,
and DPFs are not viable options. Instead, DOG=arclfuels such as ULSD and/or
emulsions are possible. DOCs and clean fuels dhimilconsidered for the other vessels
in the fleet.

Emissions Control Recommendations:
» Evaluate DPF/SCR candidate boats to determine whetinot wet exhaust is used.
If exhaust is dry, then retrofit boats with DPFBIQ, or SCR.
 Retrofit Edward Rowe Snow, Andrews, Salacia, amgioboats that are not good
DPF candidates with DOCs.
« If wet exhaust is used in most of the fleet, used3(xlean fuels such as emulsified
diesel and/or ultra-low sulfur diesel in the fleet.

Boston Towing and Transportation

This fleet emits approximately 48 tons of NOx ando8s of PM each year.
NESCAUM was not able to obtain sufficient infornmattito make specific technology
recommendations for the engines in this fleet. pest of the development of a
comprehensive strategy to control emissions frorst@o Harbor fleets, it will be critical
to obtain information on engine type, age, exhayse, and other specifics from this
fleet.

5.2. Policy Recommendation

Section 4, “Outreach and Policy Options,” contamsumber of different policy options
to control harbor craft emissions. That sectioscdeed the use of SEP funds,
contractual obligations, and EIS approvals to negdiesel emissions reductions.

This section presents a specific policy approaaiedoicing diesel emissions from Boston
Harbor vessels: using Logan Airport NOx cap funds.

Logan Airport NOx Emissions Cap

Massport, under its Air Quality Initiative (AQI)geeed in 2001 to establish a NOx and
VOC emissions cap for Logan Airport at 1999 levielsairport-related emissions.
Massport agreed to reduce emissions from airgyedtynd service equipment, and airport
stationary sources first, followed by off-airporbjects or emissions offsets projects if
the NOx and VOC cap could not be met by on-airpsattictions. While the emission
caps have never been exceeded (due to the drigine #8ights after 9/11/2001),

landings and take-offs at Logan Airport have relyergturned to pre-9/11 levels. Given
this, and the commensurate growth in NOx emissiimm the increased flights, the
airport will likely need to begin emission reductiprojects to meet the NOx cap.
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Since Boston Harbor is adjacent to the airportucety emissions from harbor vessels
could provide a good opportunity for Massport tcetries NOx emissions cap and at the
same time provide a public health benefit. Furtiee, Massport (the operator of Logan
Airport) operates its own ferries and/or has canitral arrangements with ferry operators
to run water shuttles to and from downtown Bostod #he airport.

If NOx credits are needed, Massport could firsttdig using NOx-reducing technologies
such as emulsified diesel on all ferries that $dyassengers back and forth from
downtown Boston. Massport could insert retrofituegments into its contracts with
ferry operators when they come up for renewal. ddelythe ferries operated by
Massport, other harbor vessels - such as excubbsiats - could also be retrofitted. This
might require some negotiation since operator®tes reluctant to take boats out of
service for retrofitting or to risk using a newheology on their engines. However,
excursion vessel operators have an incentive tnalg their fleets, since most of the
people taking the boats are tourists, who woulelilprefer riding on cleaner, retrofitted
boats rather than the older, dirtier vessels thattle people back and forth to the Harbor
Islands.

Northeast Diesel Collaborative Opportunities

One of the priorities identified by Steering Comedt members of the Northeast Diesel
Collaborative is to reduce diesel emissions atsparthe Northeast. Given this focus, an
emission reduction project at Boston Harbor coddnzluded in a regional effort to
reduce port-related emissions. Funding identifiredugh the Collaborative, such as
those sources listed above and including suppleahenvironmental project funds,
offsets, contractual requirements, fees, and artdrends could be used to reduce
emissions as part of the Collaborative effort.
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Appendix A

Specific Engine Characteristics and Technology Optins
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Pagel

Total No People Catamaran Wet or | Speed Catg.
Boston Harbor Craft h Stroke En' Engines/YR Model/Make Ca P or Dry Fully (EPA Comments Re Technology Options
P 9 P Mono-hull Exhaust Loaded /IMO)
Mass Bay Lines
. Wet
Freedom 800 4 2 1974 Caterpillar D343 346 Catamaran Exhaust 14 knots 2 Wet exhaust precludes use of DPFs, CWMFs,
SCR, or LNC. DOCs or clean fuels -- ULSD,
Massachusetts 1,200 | 4 2 Detroit Diesel Series 60 300 Catamaran \Igfhtaust 20 knots | 2 BioD, FBCs or EDF are viable options.
L Dry Hi soot content of 2-cycle engine precludes use
Nantascot 250 2 1 1961 Detroit Diesel 871 255 Mono-hull Exhaust 10 knots 2 of any ECT in the exhaust, i.e. DPFs, DOCs,
CWMFs, SCR, or LNC; clean fuels -- ULSD,
New Boston 250 2 1 1964 Detroit Diesel 871 390 catamaran | 0% 9 knots 2 BioD, FBCs or perhaps EDF are the only viable
Exhaust options.
Wet Wet exhaust precludes use of DPFs, CWMFs,
Harbor Belle 130 4 1 1986 Volvo Penta 149 Mono-hull Exhaust 8 knots 1 SCR, or LNC; clean fuels. DOCs, ULSD, BioD,
FBCs or EDF are viable options.
EGTs most likely too low for SCR (poor
efficiency) or DPFs (regen issues) based upon
Samuel Clemens 250 4 1 1974 Cummins NH 856 273 Mono-hull | B gknots | 2 the low "fully loaded speed”, CWMF & LNC
Exhaust may work; DOCs should work if engines are not
too sooty (they are VERY old at 1974);clean
fuels would be a viable option.
EGTs most likely too low for SCR (poor
efficiency) or DPFs (regen issues) based upon
Seaport Belle 210 4 1 1989 Cummins GBT 5.9 149 Mono-hull Dry 9 knots 2 the low fully loaded speed ; CWMF & LNC
Exhaust may work; DOCs should work if engines not too
sooty (they are old at 1989); clean fuels would
be a viable option.
Mass Port - Commuter Service
Hi soot content of 2-cycle engines, & wet
. i . exhaust, precludes use of any ECT in the
Com\r]1l1jjt“enre5ervice Logan  Airport 550 2 1 1982 Detroit Diesel 200+ Mono-hull \Ig:itaust 2 exhaust, i.e. DPFs, DOCs, CWMFs, SCR, or
LNC; clean fuels -- ULSD, BioD, FBCs or EDF
are the only viable options.
Wet Wet exhaust precludes use of DPFs, DOCs,
Rowes Wharf Water Taxi 130 4 1 1993 Volvo <150 Mono-hull Exhaust 1 CWMFs, SCR, or LNC. DOCs, clean fuels --

ULSD, BioD, FBCs or EDF are viable options.
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Boston Harbor Craft

Total
hp

Stroke

No.
Eng

Engines/YR Model/Make

People
Cap

Catamaran
or
Mono-hull

Wet or
Dry
Exhaust

Speed
Fully
Loaded

Catg.
(EPA
/IMO)

Comments Re Technology Options

Princess Yard Charters Limited

Majestic Princess

200

Insufficient information

Boston Harbor Cruises

Aurora

1998 Cummins KTA 38

400

Catamaran

35

Nora Vittoria

1998 Cummins KTA 38

400

Catamaran

35

SCR, DOCs, and potentially passive DPFs --
exhaust gas temps (EGTs) should be
sufficiently high (good SCR performance &
DPF regen) since engine power is high and
there appears to be high speed operation (35
knots); these Cummins KTA engines are
relatively new & clean; only caution is if exhaust
is wet, then neither SCR, DPF or DOC works,
w/only option being clean fuels (ULSD &/or
emulsions)

Massachusetts

2,400

1988 General Motors 1271

346

Mono-hull

20

Hi soot content of 2-cycle engine precludes use
of any ECT in the exhaust, i.e. DPFs, DOCs,
CWMFs, SCR, or LNC; clean fuels -- ULSD,
BioD, FBCs or perhaps EDF are the only viable
options.

Laura

2300

1989 Caterpillar 3408

349

Mono-hull

21

EGTs most likely too low for SCR (poor
efficiency) or DPFs (regen issues) based upon
the low "fully loaded speed"; CWMF & LNC
may work; DOCs should work assuming
exhaust is not too sooty (they are old at
1989);clean fuels would be a viable option with
either wet or dry exhaust.

Bostonian I

440

1979 Caterpillar 3306

149

Mono-hull

16

As per the Laura (immediately above) with the
caveat that the age of the engines (1979) might
make them too sooty even for DOCs.

Rookie

1985 Caterpillar 3412

149

Mono-hull

21

EGTs most likely too low for SCR (poor
efficiency) or DPFs (regen issues) based upon
the low "fully loaded speed"; CWMF & LNC
may work; DOCs should work assuming
exhaust is not too sooty (they are old at
1985);clean fuels would be a viable option with
either wet or dry exhaust.
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Mono-hull
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Dry
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Speed
Fully
Loaded

Catg.
(EPA
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Comments Re Technology Options

Andrews

1995 Caterpillar 3208

49

Mono-hull

EGTs most likely too low for SCR (poor
efficiency) or DPFs (regen issues) based upon
the low "fully loaded speed"; CWMF & LNC
may work; DOCs should work assuming
exhaust is not too sooty (engine are
comparatively new at 1995); clean fuels would
be a viable option with either wet or dry
exhaust.

Edward Rowe Snow

440

1982

193

Catamaran

11

EGTs most likely too low for SCR (poor
efficiency) or DPFs (regen issues) based upon
the low "fully loaded speed"; CWMF & LNC
may work; DOCs should work assuming
exhaust is not wet or engines too sooty (they
are old at 1982);clean fuels would be a viable
option with either wet or dry exhaust.

Salacia

300

Catamaran

18

EGTs most likely too low for SCR (poor
efficiency) or DPFs (regen issues) based upon
the low "fully loaded speed; DOCs should work
assuming exhaust is not too sooty (age
unknown); clean fuels would be a viable option
with either wet or dry exhaust.

Anna

1800

1981 Caterpillar 3406

149

Mono-hull

21

Bay State

700

1976

561

Mono-hull

20

James J. Doherty

2340

1992 Caterpillar 3406

348

Mono-hull

21

Eugine Louise

1755

or

AWl »

1990

149

Mono-hull

18

Fort Independence

700

N

1984

519

Mono-hull

20

Frederick L. Nolan, Jr.

864

1985

561

Mono-hull

18

DOC, CWMF, SCR, LNC, and potentially
passive DPFs -- exhaust gas temps (EGTs)
should be sufficiently high (good SCR
performance & DPF regen) since engine power
is high and there appears to be high speed
operation (30 knots); two cautions are age of
engines for all these vessels that may exhibit
high soot loading and determination if exhaust
is wet -- for either case, neither SCR or DPF
will work. If so, DOC or clean fuels (ULSD &/or
emulsions) are likely viable.

Alison

456

1981

35

Mono-hull

10

Betty Joe Tyler

670

1981 General Motors 671

49

Mono-hull

18

Hi soot content of 2-cycle engine precludes use
of DPFs, CWMFs, SCR, or LNC. DOC or clean
fuels -- ULSD, BioD, FBCs or perhaps EDF are
viable options.
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Breeds Hill

330

1981

36

Mono-hull

10

EGTs most likely too low for SCR (poor
efficiency) or DPFs (regen issues) based upon
the low "fully loaded speed"; CWMF & LNC
may work; DOCs should work assuming
exhaust is not too sooty (they are VERY old at
1981);clean fuels would be a viable option with
either wet or dry exhaust.

Bunker Hill

330

1981 General Motors 871

36

Mono-hull

16

Lulu

2300

1991

149

Mono-hull

18

Hi soot content of 2-cycle engine precludes use
of any ECT in the exhaust, i.e. DPFs, DOCs,
CWMFs, SCR, or LNC; clean fuels -- ULSD,
BioD, FBCs or perhaps EDF are the only viable
options.

Matthew J. Hughs

2300

1989 Caterpillar 3408

349

Mono-hull

21

DOC, CWMF, SCR, LNC, and potentially
passive DPFs -- exhaust gas temps (EGTSs)
should be sufficiently high (good SCR
performance & DPF regen) since engine power
is high and there appears to be high speed
operation (30 knots); two cautions are age of
engine (1989) that may exhibit high soot
loading and determination if exhaust is wet --
for either case, neither SCR or DPF works,
w/only option being DOC, clean fuels (ULSD
&/or emulsions)

Native Son

1800

1965

102

Mono-hull

10

EGTs most likely too low for SCR (poor
efficiency) or DPFs (regen issues) based upon
the low "fully loaded speed"; CWMF & LNC
may work; DOCs should work assuming
exhaust is not too sooty (they are VERY old at
1965);clean fuels would be a viable option with
either wet or dry exhaust.

A.C.Cruise Line

Cape Ann

539

2o0r3

Virginia C Il

215

Insufficient information

Charles River Boat Company

Charles |

110

Charles Il

49

Schooner Liberty, Inc. - Liberty

49

Spirit of Boston - Spirit of Boston

WL |FP|N

Insufficient information
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Harbor Express — MBTA

Flying Cloud

1920

Detroit Diesel 2000 series

149

Catamaran

30 knots

Lightning

1920

Detroit Diesel 2000 series

149

Catamaran

30 knots

Voyager 1 (325 max
passengers)

3840

2000 Detroit Diesel

349

Catamaran

30 knots

SCR, DOCs, and potentially passive DPFs --
exhaust gas temps (EGTs) should be
sufficiently high (good SCR performance &
DPF regen) since engine power is high and
there appears to be high speed operation (30
knots); these DDC (actually German-made
MTUs) engines are relatively clean (knowing
how new they are would help); only caution is if
exhaust is wet, then neither SCR or DPF
works, w/only option being DOC, clean fuels
(ULSD &/or emulsions)

Adventurer

3840

Detroit Diesel

Catamaran

18 knots

Hi soot content of 2-cycle engine precludes use
of any ECT in the exhaust, i.e. DPFs, DOCs,
CWMFs, SCR, or LNC; clean fuels -- ULSD,
BioD, FBCs or perhaps EDF are the only viable
options.

Doc Edgerton

7720

2000 Detroit Diesel

Catamaran

30 knots

SCR, DOCs, and potentially passive DPFs --
exhaust gas temps (EGTs) should be
sufficiently high (good SCR performance &
DPF regen) since engine power is high and
there appears to be high speed operation (30
knots); these DDC (actually German-made
MTUs) engines are relatively clean (knowing
how new they are would help); only caution is if
exhaust is wet, then neither SCR or DPF
works, w/only option being DOC, clean fuels
(ULSD &/or emulsions)

Odyssey Cruise Ship

800

400 HP Diesel

600

Catamaran

10.5
knots

EGTs most likely too low for SCR (poor
efficiency) or DPFs (regen issues) based upon
the low "fully loaded speed"; CWMF & LNC
may work; DOCs should work assuming
exhaust is not too sooty (age unknown); clean
fuels would be a viable option with either wet or
dry exhaust.

Constellation Tug Corporation

Orion

2750

Draco

2850

Insufficient information
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Total No. _ People Catamaran Wet or | Speed Catg. _
Boston Harbor Craft hp Stroke Eng Engines/YR Model/Make Cap or Dry Fully (EPA Comments Re Technology Options
Mono-hull Exhaust Loaded /IMO)
Boston Line and SVC Co
#1 400
#2 400
Sea Tow
Rescue 1 400 2
Rescue 2 270 1
Rescue 3 280 1
Reliant 300 2
Responder 300 2
Rescue 17 90 1
Naval Ships to Charlestown
1 5000 3
2 5000 3
3 5000 3 L .
2 5000 3 Insufficient information
5 5000 3
6 5000 3
Great Lakes Dredging
Insufficient information but mostly likely very
sooty engines, typical of dredges will preclude
2| ECT nhe exaust e DFF,
ULSD, BioD, FBCs or EDF are the only viable
options.
Mass. State Police Marine Division
Patroller 1 -41' 680 4 2 (2) 903 Cummins Diesel
Patroller 2 -41' 680 4 2 (2) 903 Cummins Diesel 2 Insufficient information
Patroller 3 -41' 680 4 2 (2) 903 Cummins Diesel
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Total No People Catamaran Wet or | Speed Catg.
Boston Harbor Craft h Stroke En' Engines/YR Model/Make Ca P or Dry Fully (EPA Comments Re Technology Options
P 9 P Mono-hull Exhaust Loaded /IMO)
Hi soot content of 2-cycle engine precludes use
@) Detroit Diesel of any ECT in the exhaust, i.e. DPFs, DOCs,
Patroller 4 -44' 680 2 2 "Driopers"” 2 CWMFs, SCR, or LNC; clean fuels -- ULSD,
pp BioD, FBCs or perhaps EDF are the only viable
options.
Patroller 5 -32' 680 4 2 (2) C Series Cummins Insufficient information
#12 Monarch 450 2 2 stroke
#9 -27' Whaler 450 2 2 stroke
25' Whaler 1 300 2 2 stroke
; Hi soot content of 2-cycle engine precludes use
25' Whaler 2 300 2 2 stroke of any ECT in the exhaust, i.e. DPFs, DOCs,
25" Whaler 3 300 2 2 stroke CWMFs, SCR, or LNC; clean fuels -- ULSD,
17 Whaler 1 20 5 2 stroke Blo‘D, FBCs or perhaps EDF are the only viable
options.
17' Whaler 2 90 2 2 stroke
17' Whaler 3 90 2 2 stroke
27" Interceptor 600 2 2 stroke
Kawasaki Jet ski 1 (2004) 1200 4 4 stroke
Kawasaki Jet ski 2 (2004) 1200 4 4 stroke
Kawasaki Jet ski 3 (2003) 1200 4 4 stroke Insufficient information; HP values should be
- - re-checked, very high for jet ski type of
Kawasaki Jet ski 4 (2003) 1200 4 4 stroke watercraft
Kawasaki Jet ski 5 (1999) 1200 4 4 stroke
Kawasaki Jet ski 6 (1999) 1200 4 4 stroke
*Patrollers
Max- 2600 RPM 40 G/hr Insufficient information
Cruise 2300 RPM 30 G/hr
Fuel Consumption best estimates
Boston Police Harbor Patrol
Patroller 1 -41' "St. Michael" 680 Insufficient information
Patroller 2 -41" 680
57" "Guardian"
27" Interceptor "Protector” 600
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Total No. _ People Catamaran Wet or | Speed Catg. _
Boston Harbor Craft hp Stroke Eng Engines/YR Model/Make Cap or Dry Fully (EPA Comments Re Technology Options
Mono-hull Exhaust Loaded /IMO)
27" Interceptor "Persuader" 600
Boston Towing & Transportation
1 1200
2 1200
3 1500
4 1500
5 2400
6 2400
7 3000
8 3000
9 Tractor Tug 4000
10 tractor Tug 4000
80 G/hr all tugs
Boston Pilots Association
1 800 4 Caterpillar 8206
Hi soot content of 2-cycle engine precludes use
of any ECT in the exhaust, i.e. DPFs, DOCs,
2 800 2 Detroit Diesel 892 CWMFs, SCR, or LNC; clean fuels -- ULSD,
BioD, FBCs or perhaps EDF are the only viable
options.
Abbreviations:
ECT Emission Control Device (generic term)
EGT "Exhaust Gas Temperature" (generic term)
DPF Diesel Particulate Filter
DOC Diesel Oxidation Catalyst)
CWMF Catalyzed Wire Mesh Filter
SCR Selective Catalytic Reduction
LNC Lean NOx Catalyst
ULSD Ultra-Low Sulfur Diesel
BioD Biodiesel
FBC Fuel Borne catalyst
EDF Emulsified Diesel Fuel
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Appendix B: Emissions Inventory Detall

Table B-1 below provides information for those @ters that provided either hours of
use or fuel consumption for 2005.

Table B-1 Vessel Inventory Information for Operators that Provided Information
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Boston Harbor Craft NOXx (tpy) | PM (tpy) | CO (tpy) |HC (tpy )
Mass Bay Line:
Freedom 1.86 0.04 0.36 0.04
Massachusetts 29.07 0.67 5.59 0.60
Nantascot 0.93 0.02 0.18 0.02
New Boston 0.35 0.01 0.07 0.01
Harbor Belle 0.19 0.00 0.04 0.00
Samuel Clemens 0.81 0.02 0.16 0.02
Seaport Belle 0.81 0.02 0.16 0.02
Boston Harbor Commuter Service - MassPol
Justice - Logan Airport Commuter Service 2.54 0.06 90.4 0.05
Rowes Wharf Water Taxi 0.85 0.02 0.16 0.0
Harbor Express - MBTA
Flying Cloud 63.32 1.46 12.18 1.32
Lightning 63.32 1.46 12.18 1.32
\Voyager Il (325 max passengers) 62.79 1.45 12.08 1.30
Adventurer 28.60 0.66 5.50 0.59
Doc Edgerton 28.60 0.66 5.50 0.59
Odyssey Cruise Shi 6.98 0.16 1.34 0.14
Constellation Tug Corporation
Orion 9.26 0.21 1.78 0.19
Draco 3.74 0.09 0.72 0.08
Boston Line and SVC C«
#1 0.60 0.01 0.12 0.01
#2 0.60 0.01 0.12 0.01
Sea Tov
Rescue 1 0.58 0.01 0.11 0.01
Rescue 2 0.61 0.01 0.12 0.01
Rescue 3 0.62 0.01 0.12 0.01
Reliant 0.31 0.01 0.06 0.01
Responder 0.19 0.00 0.04 0.00
Rescue 17 0.02 0.00 0.00 0.00
Naval Ships to Charlestowr
1 0.06 0.00 0.01 0.00
2 0.06 0.00 0.01 0.00
3 0.06 0.00 0.01 0.00
4 0.06 0.00 0.01 0.00
5 0.06 0.00 0.01 0.00
6 0.06 0.00 0.01 0.00
Great Lakes Dredging
Dredge # 54 9.16 0.21 1.76 0.19
Mass. State Police Marine Divisio
Patroller 1 -41" 2.33 0.05 0.45 0.05
Patroller 2 -41" 2.33 0.05 0.45 0.05
Patroller 3 -41" 2.33 0.05 0.45 0.05
Patroller 4 -44' 2.33 0.05 0.45 0.05
Patroller 5 -32' 2.33 0.05 0.45 0.05
#12 Monarch 1.40 0.03 0.27 0.03
#9 -27' Whaler 1.40 0.03 0.27 0.03
25' Whaler 1 1.86 0.04 0.36 0.04
25' Whaler 2 1.86 0.04 0.36 0.04
25' Whaler 3 1.86 0.04 0.36 0.04
17" Whaler 1 1.86 0.04 0.36 0.04
17' Whaler 2 1.86 0.04 0.36 0.04
17" Whaler 3 1.86 0.04 0.36 0.04
27" Interceptor 1.86 0.04 0.36 0.04
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Inventory for ships with partial operating data

Table B-2 shows emissions estimates for Boston ¢tafiyuises, A.C. Cruiseline, Charles River Boat @any, Schooner
Liberty and the Spirit of Boston. Parameters, sashhours of activity, horsepower, or fuel consuamtwere not available.
NESCAUM estimated these parameters based on prestadies. Further work will be needed to moreieately estimate emissions
from these vessels, given the large number of sippsated by these companies.

Table B-2: Emissions Inventory with Partial Operational Data

Emissions Inventory with Partial Operational Data
Boston Harbor Craft NOX (tly) PM (tly) CO (tly) HC (tly)
Princess Yard Charters Limited 9.31 0.21 1.79 0.19
Boston Harbor Cruises 237.51 5.48 45.68 4.93
A.C.Cruise Line 18.62 0.43 3.58 0.39
Charles River Boat Company 18.62 0.43 3.58 0.39
Schooner Liberty, Inc. - Liberty 9.31 0.21 1.79 0.19
Spirit of Boston - Spirit of Boston 9.31 0.21 1.79 0.19
Total Emissions 302.67 6.98 58.21 6.29




