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Commercial Marine Vessel Engine Replacement Program

ABSTRACT

Since 2004 the Port Authority has sponsored and funded the replacement of older
diesel engines in fifteen commercial marine vessels that operate primarily within
New York Harbor. These vessels have included various tug boats and excursion
vessels. A total of twenty six main engines and thirteen auxiliary engines have
been replaced under this program. Twenty of the replacement engines meet or
exceed the requirements of EPA’s Tier 1 emission standards, while nineteen are
compliant with EPA’s current Tier 2 standards.

Projects were solicited by RFP in three programs, the KVK Tug Repower Program
in 2003 (KVK), the Tug Emissions Reduction Program in 2004 (TERP), and the
Marine Vessel Emission Reduction Program in 2005 (MVERP).

Under each round, vessel owners could request up to 100% of the purchase cost
of the new engine; all other costs including installation and any costs associated
with vessel down time were the responsibility of the vessel owner. Awards were
made based on the magnitude of projected NOx reductions (annual tons), cost
effectiveness ($/ton).

Vessel owners had to commit to operate the re-powered vessel for 80 - 90% of the
time within the New York — Northern New Jersey — Long Island Non-Attainment
Area (NY-NJ-LI NAA), and to provide vessel activity logs and fueling records to
the Port Authority for a minimum of ten years. In addition, the Port Authority
required proof that the old engine was destroyed.

The vessels re-powered to date are projected to emit 399 fewer tons of NOx annu-
ally than they did with their original engines. The cost of these reductions to the
Port Authority has averaged $1,400/ton.

A second round of MVERP funding was advertised in late 2007. It is currently
expected that up to 47 engine replacements in up to 10 additional vessels will be
funded in this fourth round, resulting in an additional 244 tons of annual NOx
reductions. The actual engine replacements will be completed in 2008 and 2009.
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PROJECT CONTEXT

National Ambient Air Quality Standards (NAAQS) are
used to define acceptable levels of certain “criteria”
pollutants in the air we breathe. Many areas of the
United States have air quality that does not meet the
NAAQS, and have received “non-attainment” designa-
tions for specific pollutants from the Environmental
Protection Agency (EPA). One of several ozone non-
attainment areas in the United States is the New York
— Northern New Jersey — Long Island Non-Attainment
Area (NY-NJ-LI NAA), which includes New York City
and The Port of New York and New Jersey.

Nitrogen oxides (NOx) and volatile organic com-
pounds (VOC) are the two primary criteria pollutants
regulated by the EPA which contribute to the forma-
tion of ground level ozone. Emissions of these pollut-
ants can come from a variety of sources, including
electric generators, industrial facilities and vehicles,
including marine vessels. For an area to move from
ozone “non-attainment” to attainment, emissions
within the area must be reduced. This is often a signifi-
cant challenge because emissions from existing sources
are generally increasing due to economic growth.

The Port of New York and New Jersey is currently ex-
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Tugs at work
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Commercial Marine Vessel Engine Replacement Program

Destroying an old engine

Engine acceptance tests
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Port Authority of New York and New Jersey

oUND The Port Authority of New York and New

Jersey manages and maintains bridges and
tunnels across the Hudson River, as well as
bus terminals and regional airports, the
PATH commuter rail system between New
Jersey and Manhattan, and many of the ma-
rine terminals on New York Harbor. All of
these assets are critical to the Bi-State region's
trade and transportation capabilities.
Through these facilities and services the citi-
zens of both New York and New Jersey are
able to make vital connections and businesses

¥ 1
L ”':W Ay THE WAL TRAGE CENTER SITE ca Rt are able to grow. Providing safe and efficient
YA ,.~_v“ﬂ“tl.'1 - DOWNTOWN MANHATTAN HELIPORT AIRTRAIN JEK travel is the Port Authority’s highest priority.
AY < p JOHM F.
_— ‘.'-Am“ 7 ji RRODKLYN MARINE TERMINAL NeueDy On April 30, 1921, The Port of New York Au-
= 'EI)TE':;,':':I RED HOOK COMTAINER TERMINAL _MIRPORT thority was established to administer the
THORITY MARINE TERMINAL : common harbor interests of New York and
MEW . . . .
S KORK New Jersey. The first of its kind in the West-
E BRIDGE . o
R BAY | BROOKLYN ern Hemisphere, the organization was cre-
ated under a clause of the Constitution per-
> mitting Compacts between states, with Con-
' s gressional consent. The compact established
an area of jurisdiction called the "Port Dis-
ATLANTIC trict," a bi-state region of about 1,500 square
LOWER NEW YORK BAY OCEAN miles centered on the Statue of Liberty. In
1972, the organization's name was changed to
bbbl ML JERFONLY v et The Port Authority of New York and New
= RIRTRAINS B BuUs TERMINALS & STATIONS == TUMMELS ]ersey to more accurately identify their role
—— PATH [PORT AUTHORITY TRANS-HUDSON) B FCONOMIC DEVELOPMENT

as a bi-state agency.

periencing significantly increased utilization and ex-
pansion. Part of this expansion includes an enormous
effort to deepen the major deep-water channels in the
Port to facilitate larger vessels with increased capaci-
ties and vessel draft. While growth is expected to bring
significant economic benefits in the long term, govern-
ment, public and private stakeholders in the region
recognize that increased shipping activity and the har-
bor deepening activities themselves could adversely
impact air quality.

The Commercial Marine Vessel Engine Replacement
Program is one of several projects specifically con-

ceived to reduce NOx emissions in the New York City
metropolitan area, as a means to offset the emissions
associated with the harbor deepening dredging activi-
ties over the next decade.

In the near future a full report on
this project will be posted at the
following link:

http://[www.mjbradley.com/documents
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Commercial Marine Vessel Engine Replacement Program

Marine Engine Emissions Regulation

Prior to the 2004 model year commercial marine en-
gines were not regulated by EPA. Starting with the
2004 model year allowable emissions levels from
new engines were limited for the first time - these
Tier 1 standards applied only to emissions of nitro-
gen oxides and hydrocarbons (NOx+HC); particu-
late (PM) emissions were still uncontrolled. Begin-
ning in the 2007 model year new marine engines
were required to meet even more stringent Tier 2
emission standards which set limits on PM emis-
sions for the first time. EPA has also set Tier 3 and
Tier 4 standards that will reduce allowable
NOx+HC and PM emissions from new marine en-
gines even further in the future.

While the engines in new vessels built today are
much cleaner than the engines in vessels built 10
years ago, marine vessels tend to have a very long
life. Commercial marine vessels can stay in service
for 40 years or more, and their diesel engines may
be rebuilt three or more times over their life. The
full effect of the new EPA marine engine regulations
will not be felt until a significant portion of the ex-
isting marine fleet is retired and replaced with new
vessels - which will not happen until 2030 or later.

The availability of cleaner, EPA emissions-
compliant marine engines has provided a signifi-
cant opportunity to accelerate the pace of marine
emissions reductions in the short term— by replac-
ing the original engines in older vessels with new,
cleaner engines. Under this strategy -“re-powering”
- the engine is retired but not the vessel.

Engine re-powering is generally not cost effective as
an emissions reduction strategy for many onroad
trucks and buses, but has proven to be a very cost-
effective strategy for commercial marine vessels due

to their very long life, high utilization, and the fact
that the engine generally represents a proportion-
ally smaller percentage of over-all vessel cost.

An engine replacement is best done in lieu of a
regularly scheduled engine over-haul, which re-
duces both vessel down time and the total incre-
mental cost.

Replacement of a pre-2004 unregulated marine die-
sel engine with a Tier 1 compliant engine will re-
duce NOx emissions by approximately 40% and PM
emissions by approximately 30%. Replacement of
the same engine with a Tier 2-compliant engine will
reduce both NOx and PM emissions by approxi-
mately 60%.

Replacing the engine(s) in a commercial marine ves-
sel can also be a win-win situation, providing bene-
fits to both the environment and the vessel owner.
Tier 2-compliant marine engines generally use elec-
tronic fuel control, which reduces fuel consumption
compared to older, mechanically-controlled en-
gines. A marine vessel can often be repowered with
more powerful engines that none-the-less have sig-
nificantly lower emissions and lower annual fuel
bills.

Annual Emissions

(tons)
Vessel Type Number

NOx | \Y |
Tug Boat 122 5,024 191
Ferry Boat 42 1,484 38
Excursion 25 871 22
Government 25 168 5
Ocean-going 1,425 4,139 234

New York Harbor Vessel Inventory, 2000
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Commercial Marine Vessel Engine Replacement Program

Category 1 Marine Engines, 2000 - 3700 kw

Emissions Limits

(g/kwh)

Vessels Repowered under Port Authority Engine Replacement Programs to Date

New Engine First Applied

Standard

(Model Year)

NOx + HC

PM

Engine Make/Model/HP
[epplbs| E Unregulated | Prior to 2004 ~20.0 ~0.70
Engines Original N
rigina ew EPA Tier 1 2004 11.5 NA (~0.50)
Buchanan 1 Buchanan Marine LP 2 main CAT D398; 1020HP CAT 3512B; 1020 HP EPA Tier 2 2007 70 020
Virginia Weeks Marine 2 main DDC 12V149; 700 HP CAT 3512E; 720 HP EPA Tier 3 2013 36 0.1
EPA Tier 4 2016 1.8 0.04
Buchanan 12 | Buchanan Marine L.P. | 2main | EMD 12-645E6; 1500 HP | EMD 8-710B7B; 1500 HP -
Robert IV Henry Marine Service 2 main DDC 12V71; 450 HP Cum QSK-19M; 660 HP
Category 2 Marine Engines
Dorothy ] Henry Marine Service 2 main DDC 16V92; 600 HP DDC 8V4000; 940 HP sory . 8 .
<3700 kw & 7-15 liters/cylinder
Duchess New York Cruise Lines | 2 main DDC 8V71N; 260 HP Cum QSM11-300; 295 HP eI CEE TIiE
2 auxiliary DDC 6-71T; 275 HP Cum QSM11-300; 295 HP New Engine  First Applied (g/kwh)
Standard (Model Year)
Princess New York Cruise Lines 2 main DDC 8V71IN; 260 HP Cum QSM11-300; 295 HP NOx + HC
2 auxiliary DDC 6-71T; 275 HP Cum QSM11-300; 295 HP
Unregulated Prior to 2004 ~20.0 ~0.70
Circle Line X | New York Cruise Lines 2 main Cum VT-12 700M; 600 HP | Cum QSK-19M; 660 HP EPA Tier 1 2004 11.5 NA (~0.50)
EPA Tier 2 2007 7.8 0.27
Circle Line |New York Cruise Lines| 2main | Cum VT-12 700M; 600 HP | Cum QSK-19M; 660 HP -
XVI EPA Tier 3 2013 6.2 0.14
Iron Eagle Bridge Construction 2 main DDC 12V-71; 480HP DDC S60; 400 HP EPA Tier 4 2016 1.8 0.04
Service 2 auxiliary | DDC 2-71/3-71; 40/55 HP NL M20CRW?2; 32 HP
Mary Alice DONJON Marine 2 main CAT D399; 1125 HP CAT 3512B HD; 1500 HP
Company Marine Engine Categories
Glen Cove Eastern Barge Services 2 main DDC 16V149: 930 HP DDC S4000: 940 HP For the purpose of emissions regulation, EPA segregates commercial marine diesel engines into three catego-
’ ’ ries:
2 auxiliary DDC 4-71; 64 HP NL M40C2; 62 HP ) ) ) »
Category 1 and Category 2 engines are typically 500—5,000 hp, and are used for propulsion and auxiliary
. . ) ) power in coastal vessels such as tugs, barges, fishing boats, ferries, and work boats. They may also be used
Buchanan 10 | Buchanan Marine L.P. 2 main CAT D398 JWAC; 1075 CAT 3512B HD; 1020 HP as auxiliary engines in ocean-going vessels.
2 auxiliary CAT D320; 81 HP CAT C4.4;90 HP , o ) ) , ) )
Category 1 engines are similar to the engines used in large land-based construction equipment, while Cate-
) ) . ) ] gory 2 engines are similar to the engines used in locomotives. Compared to Category 1 engines, Category 2
Robert IV Henry Marine Service | 2 auxiliary DDC 3-71; 63 HP JD 4045DFM70; 62 HP engines are heavier and operate at slower speeds (maximum speed of ~900 RPM). Both Category 1 and 2
marine engines burn distillate fuel similar to the fuel used by locomotives and construction equipment.
Dorothy ] Henry Marine Service | 2 auxiliary DDC 4-71; 85 HP JD 4045DFM70; 62 HP
Category 3 marine engines are typically 10,000—100,000 hp and are used to provide propulsion power for
) ) — ) i ocean-going vessels such as container ships, tankers, and cruise ships. These slow-speed engines (less than
CAT=Caterpillar; CUM=Cummins; DDC=Detroit Diesel; EMD=ElectroMotive; JD=John Deere; NL=Northern Lights 500 RPM) are unlike any diesel engines used on land, and they usually burn heavy residual fuels with high
sulfur content.
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Commercial Marine Vessel Engine Replacement Program

Marine Engine Replacement Programs

In 2003 the Port Authority advertised an RFP to re-
place the existing engines in tugboats operating
within a specific area of New York Harbor with
new, cleaner engines. Under this KVK Tug pro-
gram (KVK) the Port Authority sponsored and par-
tially funded the replacement of four main engines
in two different tug boats. While the original en-
gines were unregulated, the new replacement en-
gines were compliant with EPA’s Tier 1 NOx emis-
sion standards that first took effect in the 2004
model year.

In their proposals vessel owners were allowed to
request up to 100% of the purchase cost of the new
engines, to be paid by the Port Authority. All other
project costs were required to be borne by the vessel
owners themselves, including all removal and in-
stallation costs, and any costs associated with dry
dock time and loss of use during the engine replace-
ment.

As a condition of receiving Port Authority funding
vessel owners had to:

e commit to operate the vessel for 80 - 90% of the
time within the New York — Northern New Jer-
sey — Long Island Non-Attainment Area (NY-
NJ-LI NAA), which encompasses New York
Harbor,

e semi-annually, for a period of at least 10 years,
provide to the Port Authority vessel activity logs
and fueling records, and

e physically destroy the old engines so that they
could not be re-used in another vessel.

Ten different companies responded to the RFP, with
engine replacement proposals for thirteen different
vessels.  Project awards were
made to the two top proposals,
based on three evaluation crite-
ria: 1) the magnitude of pro-
jected NOx reductions (annual

tons), 2) project cost effectiveness ($/ton), and 3) the
location of the reductions within the Port of New
York and New Jersey.

The chosen tugs were re-powered in early 2004. Port
Authority personnel witnessed the destruction of
the old engines, and tests to prove that the new en-
gines were operating according to the manufac-
turer’s specifications. Vessels were tested at maxi-
mum engine RPM both free running and in a static
push test. The Port Authority also retained owner-
ship of all emissions reductions generated from the
engine replacements, in the context of their use as
emissions reduction credits or off-sets for NAAQS
conformity.

Based on the success of the KVK Tug Program, in
late 2004 the Port Authority issued an RFP for a sec-
ond round of projects. Under this Tug Emissions
Reduction Program (TERP), all tug boats operating
within New York Harbor were eligible to submit a
proposal to replace their main engines. This pro-
gram funded the replacement of two main engines
in each of three tug boats owned by two different
companies.

In 2005 a third round of projects were solicited, un-
der the first Phase of the Marine Vessel Emissions
Reduction Program (MVERP). This RFP expanded
eligibility to all commercial marine vessels operat-
ing in New York Harbor, and contemplated the re-
placement of both main engines and auxiliary en-
gines in each vessel.

The MVERP program funded the replacement of a
total of sixteen main engines and thirteen auxiliary
engines in ten different vessels. These vessels

included tug boats and harbor excursion (sight see-
ing) vessels. The actual replacements were com-
pleted in 2006 and 2007. Under the first three fund-
ing rounds the Port Authority has spent a total of $4
million to replace 39 engines in 15 vessels—an aver-
age cost of $100,000 per engine and $270,000 per
vessel.

Actual costs per engine and per vessel varied sig-
nificantly because some vessel owners did not re-
quest full funding in order to make their proposals
more competitive.

A second round of MVERP funding was advertised
in late 2007. It is currently expected that up to 28
main engines and 19 auxiliary engines will be re-
placed in up to ten additional vessels in this fourth
round, with the actual engine replacements com-
pleted in 2008 and 2009.

PANY&NJ Brochure 08-03

The Benefits: Annual NOx Reductions

Total reductions in annual NOx emissions from the
fifteen vessels currently in the engine replacement
program total 399 tons. Annual reductions from a
single vessel range from two (2) to 139 tons, based
on significant differences in vessel/engine size and
annual fuel use.

The average cost to the Port Authority of NOx emis-
sions reductions under this program has been
$1,400/ton, based on ten years of continued vessel
usage after engine replacement. This
value includes only the funding provided
by the Port Authority for each vessel and

The cost effectiveness of the emissions reductions
achieved under this program compare favorably to
other mobile source emissions reduction options.
The EPA has estimated that NOx reductions from
retrofit and upgrading of land-based nonroad die-
sel equipment costs from $2,300 - $23,000 per ton
of NOx reduced*

Annual NOx Average
Number of

. Program i

does not include the costs of replacement 8 Vessels SR L

borne by the vessel owner . (ton) ($/ton)
KVK Tugs 2 51 $1,620
TERP 3 171 $1,170
MVERP 2005 10 177 $1,550

*U.S. Environmental Protection Agency, Diesel Retrofit Tech-

nology An Analysis of the Cost-Effectiveness of Reducing MVERP 2007 10* 244* $1 400*

Particulate Matter and Nitrogen Oxides Emissions from ’

Heavy-Duty Nonroad Diesel Engines Through Retrofits,

EPA420-R-07-005, May 2007. TOTAL 25 643 $1,400
* Currently projected totals; no awards have been made to date.
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