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2. Will I Be Able To Average, Bank, or
Trade Emissions Credits?

Section III.C.3 gives an overview of
the proposed emission-credit program,
which is consistent with what we
adopted for Category 1 commercial
marine diesel engines. We are proposing
that the emission-credit program be
limited to HC+NOx and PM emissions.

Consistent with our land-based
nonroad and commercial marine diesel
engine regulations, we are proposing to
disallow simultaneous generation of
HC+NOx credits and use of PM credits
on the same engine family, and vice
versa. This is necessary because of the
inherent trade-off between NOx and PM
emissions in diesel engines. We request
comment on whether an engine should
be allowed to generate credits on one
pollutant while using credits on
another, and whether allowing such an
additional flexibility would necessitate
a reconsideration of the stringency of
the proposed emission limits.

We are proposing the same maximum
value of the Family Emission Limit
(FEL) as for commercial marine diesel
engines. For engines with a
displacement of less than 1.2 liters/
cylinder, the maximum values are 11.5
g/kW-hr HC+NOx and 1.2 g/kW-hr PM;
for larger engines, the maximum values
are 10.5 g/kW-hr HC+NOx and 0.54 g/
kW-hr PM. These maximum FEL values
were based on the comparable land-
based emission-credit program and will
ensure that the emissions from any
given family certified under this
program not be significantly higher than
the applicable emission standards. We
believe these proposed maximum values
will prevent backsliding of emissions
above the baseline levels for any given
engine model. Also, we are concerned
that the higher emitting engines could
result in emission increases in areas
such as ports that may have a need for
PM or NOx emission reductions.
Balancing this concern is the fact that
recreational marine diesel engines
constitute a small fraction of PM and
HC+NOx emissions in nonattainment
areas. Thus, if a few engine families
have higher emissions then our
proposed FEL cap, the incremental
emissions in these areas may not be
significant. Also, if we do not
promulgate FEL caps for this category,
manufacturers will need to offset high
emitting engines with low-emitting
engines to meet the average standard.
We are interested in comments on these
issues, on the degree to which FEL caps
would hinder manufacturer flexibility
and impose costs, and the
environmental impact of FEL caps. We

ask commenters to address whether we
should promulgate FEL caps.

As an alternative, we are requesting
comment on whether we should
consider using the MARPOL Annex VI
NOx standard as the appropriate NOx
FEL upper limit. Under this approach
we would continue to use the land-
based Tier 1 PM standard as the
recreational marine diesel engine FEL
upper limit. As part of this approach we
would have to accommodate the fact
that the MARPOL Annex VI standard is
for NOx only and these proposed
standards are HC+NOx. We further
request comment under this approach as
to how best to deal with this
inconsistency.

We are proposing that emission
credits generated under this program
have no expiration, with no discounting
applied. This is consistent with the
commercial marine credit program and
gives manufacturers greater flexibility in
implementing their engine designs.
However, if we were to revisit the
standards proposed today at a later date,
we would have to reevaluate this issue
in the context of spillover of credits in
the new program.

Consistent with the land-based
nonroad diesel rule, we are also
proposing to disallow using credits
generated on land-based engines for
demonstrating compliance with marine
diesel engines. In addition, we propose
that credits may not be exchanged
between recreational and commercial
marine engines. We are concerned that
manufacturers producing land-based
and/or commercial marine engines in
addition to recreational marine engines
could effectively trade out of the
recreational marine portion of the
program, thereby potentially obtaining a
competitive advantage over small
companies selling only recreational
marine engines. In addition, there are
two differences in the way that land-
based, commercial marine, and
recreational marine credits are
calculated that make the credits
somewhat incompatible. The first is that
the difference in test duty cycles means
there is an difference in calculated load
factors for each of these categories of
engines. The second is that there are
significant differences in the useful
lives. EPA seeks comment on the need
for these restrictions and on the degree
to which imposing them may create
barriers to low-cost emission reductions.

We are proposing to allow early
banking of emission credits once this
rule is finalized. We believe that early
banking of emission credits will allow
for a smoother implementation of the
recreational marine standards. These
credits are generated relative to the

proposed standards and are
undiscounted. We are aware that there
are already some marine diesel engines
that meet the proposed standards, and
we are concerned about windfall credits
from engines that generate early credits
without any modifications to reduce
emissions. We request comment on
whether or not these engines should be
able to generate credits.

We also propose that manufacturers
have the option of generating credits
relative to their pre-control emission
levels. If manufacturers choose this
option they will have to develop engine
family-specific baseline emission levels.
Credits will then be calculated relative
to the manufacturer-generated baseline
emission rates, rather than the
standards. To generate the baseline
emission rates, a manufacturer must test
three engines from the family for which
the baseline is being generated. The
baseline will be the average emissions of
the three engines. Under this option,
engines must still meet the proposed
standards to generate credits, but the
credits will be calculated relative to the
generated baseline rather than the
standards. However, any credits
generated between the level of the
standards and the generated baseline
will be discounted 10 percent. This is to
account for the variability of testing in-
use engines to establish the family-
specific baseline levels, which may
result from differences in hours of use
and maintenance practices. We request
comment on all aspects of the proposed
emission-credit program.

One engine manufacturer commented
after the ANPRM that all their
recreational engine product lines fall
into the per-cylinder displacement
range with the proposed
implementation date of 2006. This
manufacturer expressed concern that it
would be burdensome to introduce all
their product lines at one time and
presented the idea of phasing in their
product lines from 2005 through 2007
instead. An alternative to early banking
or a revised phase-in would be “family-
banking.” Under the “family-banking”
concept, we would allow manufacturers
to certify an engine family early. For
each year of certifying an engine family
early, the manufacturer would be able to
delay certification of a smaller engine
family by one year. This would be based
on the actual sales of the early family
and the projected sales volumes of the
late family; this would require no
calculation or accounting of emission
credits. We request comment on this
approach or any other approach that
would help manufacturers bring the
product lines into compliance to the
proposed standards without
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compromising emissions reductions (see
§1048.145 of the proposed regulations).

3. Is EPA Proposing Voluntary
Standards for These Engines?

a. Blue Sky. Section III.B.5 gives an
overview of Blue Sky voluntary
standards. We are proposing to target
about a 45-percent reduction beyond the
mandatory standards as a qualifying
level for Blue Sky Series engines to
match the voluntary standards already
adopted for commercial marine diesel
engines (see Table V.C-2). While the
Blue Sky Series emission standards are
voluntary, a manufacturer choosing to
certify an engine under this program
must comply with all the requirements
proposed for this category of engines,
including allowable maintenance,
warranty, useful life, rebuild, and
deterioration factor provisions. This
program would become effective
immediately once we finalize this rule.
We request comment on the Blue Sky
Series approach as it would apply to
recreational marine diesel engines.

TaBLE V.C.—2.—BLUE SKY VoL-
UNTARY EMISSION STANDARDS FOR
RECREATIONAL MARINE DIESEL EN-
GINES

[a/kW—hr]

Rated B(rk?/I\j;e Power HC+NOx | PM
power =2 37 KW ......ccceeees 40| 0.24
displ.<0.9
0.9<displ.<1.2 40| 0.18
1.2<displ.<2.5 .... . 40| 0.12
2.52displ eeveiiiiiieeee 5.0| 0.12

b. MARPOL Annex VI. The MARPOL
Annex VI standards are discussed above
in Section I.F.3 for marine diesel
engines rated above 130 kW. We are not
proposing to adopt the MARPOL Annex
VI NOx emission limits as Clean Air Act
standards at this time. However, we
encourage engine manufacturers to
make Annex VI-compliant engines
available and boat builders to purchase
and install them prior to the
implementation of our proposed
standards. If the international standards
are ratified in the U.S., they would go
into effect retroactively to all boats built
January 1, 2000 or later. One advantage
of using MARPOL-compliant engines is
that if this happens, users will be in
compliance with the standard without
having to make any changes to their
engines.

To encourage boat manufacturers to
purchase MARPOL Annex VI-compliant
engines prior to the date the Annex goes
into force for the United States, we are
proposing a voluntary certification

program that will allow engine
manufacturers to obtain a Statement of
Voluntary Compliance to the MARPOL
Annex VI NOx limits. This voluntary
approach to the MARPOL Annex VI
emission limits depends on the
assumption that manufacturers will
produce MARPOL-compliant engines
before the emission limits go into effect
internationally. Engine manufacturers
can use this voluntary certification
program to obtain a Statement of
Voluntary Compliance to the MARPOL
NOx limits.135

We request comment on whether or
not we should apply the MARPOL
Annex VI standards as a first Tier to this
proposed regulation. We also request
comment on reasons for whether or not
the MARPOL Annex VI standards
should apply to recreational marine at
all.

4. What Durability Provisions Apply?

There are several related provisions
that would be needed to ensure that
emission control would be maintained
throughout the life of the engine.
Section III gives a general overview of
durability provisions associated with
emissions certification. This section
discusses these proposed provisions
specifically for recreational marine
diesel engines.

a. How long would my engine have to
comply? We propose to require that
manufacturers produce engines that
comply over the full useful life of ten
years or until the engine accumulates
1,000 operating hours, whichever occurs
first. We would consider the hours
requirement to be a minimum value for
useful life, and would require
manufacturers to comply for a longer
period in those cases where they design
their engines to be operated longer than
1,000 hours. In making the
determination that engines are designed
to last longer than the proposed hour
limit, we would look for evidence that
the engines continue to reliably deliver
the necessary power output without an
unacceptable increase in fuel
consumption.

b. How would I demonstrate emission
durability? We are proposing the same
durability demonstration requirements
for recreational marine diesel engines as
already exist for commercial marine
diesel engines. This means that
recreational marine engine
manufacturers, using good engineering
judgment, would generally need to test
one or more engines for emissions

135 For more information about our voluntary
certification program, see “guidance for Certifying
to MARPOL Annex VI,” VPCD—99-02. This letter is
available on our website: http://www.epa.gov/otaq/
regs/nonroad/marine/ci/imolettr.pdf.

before and after accumulating 1,000
operating hours (usually performed by
continuous engine operation in a
laboratory). The results of these tests are
referred to as ““durability data,” and are
used to determine the rates at which
emissions are expected to increase over
the useful life of the engine for each
engine family (the rates are known as
deterioration factors). However, in many
cases, manufacturers would be allowed
to use durability data from a different
engine family, or for the same engine
family in a different model year.
Because of this allowance to use the
same data for multiple engine families,
we expect durability testing to be very
limited.

We are also proposing the same
provisions from the commercial marine
rulemaking for how durability data are
to be collected and how deterioration
factors are to be generated. These
requirements are in 40 CFR 94.211,
94.218, 94.219, and 94.220. These
sections describe when durability data
from one engine family can be used for
another family, how to select to the
engine configuration that is to be tested,
how to conduct the service
accumulation, and what maintenance
can be performed on the engine during
this service accumulation.

c. What maintenance would be
allowed during service accumulation?
For engines certified to a 1,000-hour
useful life, the only maintenance that
would be allowed is regularly scheduled
maintenance unrelated to emissions that
is technologically necessary. This could
typically include changing engine oil,
oil filter, fuel filter, and air filter. We
request comment on the allowable
maintenance during service
accumulation.

d. Would production-line testing be
required? We are proposing to apply the
production-line testing requirements for
commercial marine engines to
recreational marine diesel engines, with
the additional provisions described in
Section III.C.4. A manufacturer would
have to test one percent of its total
projected annual sales of Category 1
engines each year to meet production-
line testing requirements. We are
proposing that manufacturers combine
recreational and commercial engine
families in calculating their sample
sizes for production-line testing. We are
not proposing a minimum number of
tests, so a manufacturer could produce
up to 100 marine diesel engines without
doing any production-line testing.

5. Do These Standards Apply to
Alternative-Fueled Engines?

These proposed standards apply to all
recreational marine diesel engines,
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without regard to the type of fuel used.
While we are not aware of any
alternative-fueled recreational marine
engines that are currently being sold
into the U.S. market, we are proposing
alternate forms of the hydrocarbon
standards to address the potential for
natural gas-fueled and alcohol-fueled
engines. In our regulation of highway
vehicles and engines, we determined it
is not appropriate to apply total
hydrocarbon standards to engines fueled
with natural gas (which is comprised
primarily of methane), but rather that
nonmethane hydrocarbon (NMHC)
standards should be used (59 FR 48472,
September 21, 1994). These alternate
forms follow the precedent set in
previous rulemakings to make the
standards similar in stringency and
environmental impact.

Similarly, we determined that
alcohol-fueled highway engines and
vehicles should be subject to HC-
equivalent (HCE) standards instead of
HC standards (54 FR 14426, April 11,
1989). HC-equivalent emissions are
calculated from the oxygenated organic
components and non-oxygenated
organic components of the exhaust,
summed together based on the amount
of organic carbon present in the exhaust.
Thus, we are proposing that alcohol-
fueled recreational marine engines
comply with total hydrocarbon
equivalent (THCE) plus NOx standards
instead of THC plus NOx standards.

6. Is EPA Controlling Crankcase
Emissions?

We are proposing to require
manufacturers to prevent crankcase
emissions from recreational marine
diesel engines, with one exception. We
are proposing to allow turbocharged
recreational marine diesel engines to be
built with open crankcases, as long as
the crankcase ventilation system allows
measurement of crankcase emissions.
For these engines with open crankcases,
we will require crankcase emissions to
be either routed into the exhaust stream
to be included in the exhaust
measurement, or to be measured
separately and added to the measured
exhaust mass. These measurement
requirements would not add
significantly to the cost of testing,
especially where the crankcase vent is
simply routed into the exhaust stream
prior to the point of exhaust sampling.
This proposal is consistent with our
previous regulation of crankcase
emissions from such diverse sources as
commercial marine engines,
locomotives, and passenger cars.

7. What Are the Smoke Requirements?

We are not proposing smoke
requirements for recreational marine
diesel engines. Marine diesel engine
manufacturers have stated that many of
their engines, though currently
unregulated, are manufactured with
smoke limiting controls at the request of
customers. Users seek low smoke
emissions both because they dislike the
exhaust residue on decks and because
they can be subject to penalties in ports
with smoke emission requirements. In
many cases, marine engine exhaust
gases are mixed with water prior to
being released. This practice reduces
smoke visibility. Moreover, we believe
the PM standards proposed here for
diesel engines will have the effect of
limiting smoke emissions as well. We
request comment on this position and,
specifically, on whether there is a need
at this time for additional control of
smoke emissions from recreational
marine diesel engines, and if so, what
the appropriate limits should be.

We also request comment on an
appropriate test procedure for
measuring smoke emissions, in case we
choose to pursue smoke limits. There is
currently no established test procedure
for a marine engine to measure
compliance with a smoke limit. Most
propulsion marine engines operate over
a torque curve governed by the
propellor. Consequently, a vessel with
an engine operating at a given speed
will have a narrow range of torque
levels. Some large propulsion marine
engines have variable-pitch propellers,
in which case the engine operates much
like constant-speed engines. Note that
the International Organization for
Standardization (ISO) is working on a
proposed test procedure for marine
diesel engines.136 As this procedure is
finalized by ISO and emission data
become available, we may review the
issue of smoke requirements for all
marine diesel engines. We request
comment on this overall approach to
smoke emissions from marine diesel
engines, as well as comment on the draft
ISO procedures.

8. What Are the Proposed Not-To-
Exceed Standards and Related
Requirements?

We are proposing not-to-exceed
requirements similar to those finalized
for commercial marine diesel engines.
At the time of certification, manufacture
would have to submit a statement that

136 International Standards Organization, 8178—4,
“Reciprocating internal combustion engines—
Exhaust emission measurement—Part 4: Test cycles
for different engine applications,”” Docket A—2000—
01, Document [I-A-19.

its engines will comply with these
requirements under all conditions that
may reasonably be expected to occur in
normal vessel operation and use. The
manufacturer would provide a detailed
description of all testing, engineering
analysis, and other information that
forms the basis for the statement. This
certification could be based on testing or
on other research which could be used
to support such a statement that is
consistent with good engineering
judgment. We request comment on
applying the proposed NTE
requirements to recreational marine
diesel engines and on the application of
the requirements to these engines.

a. Concept. Our goal is to achieve
control of emissions over the broad
range of in-use speed and load
combinations that can occur on a
recreational marine diesel engine so that
real-world emission control is achieved,
rather than just controlling emissions
under certain laboratory conditions. An
important tool for achieving this goal is
an in-use program with an objective
standard and an easily implemented test
procedure. Prior to this concept, our
approach has been to set a numerical
standard on a specified test procedure
and rely on the additional prohibition of
defeat devices to ensure in-use control
over a broad range of operation not
included in the test procedure.

We are proposing to apply the defeat
device provisions established for
commercial marine engines to
recreational marine diesel engines in
addition to the NTE requirements (see
40 CFR 94.2). A design in which an
engine met the standard at the steady-
state test points but was intentionally
designed to approach the NTE limit
everywhere else would be considered to
be defeating the standard. Electronic
controls that recognize when the engine
is being tested for emissions and adjust
the emissions from the engine would be
an example of a defeat device,
regardless of the emissions performance
of the engine.

No single test procedure can cover all
real-world applications, operations, or
conditions. Yet to ensure that emission
standards are providing the intended
benefits in use, we must have a
reasonable expectation that emissions
under real-world conditions reflect
those measured on the test procedure.
The defeat-device prohibition is
designed to ensure that emission
controls are employed during real-world
operation, not just under laboratory or
test-procedure conditions. However, the
defeat-device prohibition is not a
quantified standard and does not have
an associated test procedure, so it does
not have the clear objectivity and ready
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enforceability of a numerical standard
and test procedure. As a result, using a
standardized test procedure alone
makes it harder to ensure that engines
will operate with the same level of
control in the real world as in the test
cell.

Because the ISO E5 duty cycle uses
only five modes on an average propeller
curve to characterize marine engine
operation, we are concerned that an
engine designed to the duty cycle would
not necessarily perform the same way
over the range of speed and load
combinations seen on a boat. These duty
cycles are based on average propeller
curves, but a propulsion marine engine
may never be fitted with an “average
propeller.” For instance, an engine fit to
a specific boat may operate differently
based on how heavily the boat is loaded.

To ensure that emissions are
controlled from recreational marine
engines over the full range of speed and
load combinations seen on boats, we
propose to establish a zone under the
engine’s power curve where the engine
may not exceed a specified emission
limit. This limit would apply to all of
the regulated pollutants under steady-
state operation. In addition, we propose

that the whole range of real ambient
conditions be included in this “not-to-
exceed” (NTE) zone testing. The NTE
zone, limit, and ambient conditions are
described below.

We believe there are significant
advantages to taking this approach. The
test procedure is very flexible so it can
represent the majority of in-use engine
operation and ambient conditions.
Therefore, the NTE approach takes all of
the benefits of a numerical standard and
test procedure and expands it to cover
a broad range of conditions. Also,
laboratory testing makes it harder to
perform in-use testing because either the
engines would have to be removed from
the vessel or care would have to be
taken that laboratory-type conditions
can be achieved on the vessel. With the
NTE approach, in-use testing and
compliance become much easier since
emissions may be sampled during
normal vessel use. Because this
approach is objective, it makes
enforcement easier and provides more
certainty to the industry of what is
expected in use versus over a fixed
laboratory test procedure.

Even with the NTE requirements, we
believe it is still important to retain

standards based on the steady-state duty
cycles. This is the standard that we
expect the certified marine engines to
meet on average in use. The NTE testing
is more focused on maximum emissions
for segments of operation and should
not require additional technology
beyond what is used to meet the
proposed standards. We believe basing
the emission standards on a distinct
cycle and using the NTE zone to ensure
in-use control creates a comprehensive
program. In addition, the steady-state
duty cycles give a basis for calculating
credits for averaging, banking, and
trading.

b. Shape of the NTE zone. Figure V-
C-1 illustrates our proposed NTE zone
for recreational marine diesel engines.
We based this zone on the range of
conditions that these engines could
typically see in use. Also, we propose to
divide the zone into subzones of
operation which have different limits as
described below. Chapter 4 of the Draft
Regulatory Support Document describes
the development of the boundaries and
conditions associated with the proposed
NTE zone. We request comment on the
proposed NTE zone.

BILLING CODE 6560-50-P

Figure V.C-1: Proposed NTE Zone for Recreational CI Marine Engines
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We propose to allow manufacturers to

petition to adjust the size and shape of

the NTE zone for certain engines if they

can certify that the engine will not see
operation outside of the revised NTE
zone in use. This way, manufacturers
could avoid having to test their engines
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under operation that they would never
see in use. However, manufacturers
would still be responsible for all
operation of an engine on a vessel that
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would reasonably be expected to be
seen in use and would be responsible
for ensuring that their specified
operation is indicative of real-world
operation. In addition, if a manufacturer
designs an engine for operation at
speeds and loads outside of the
proposed NTE zone (i.e., variable-speed
engines used with variable-pitch
propellers), the manufacturer would be
responsible for notifying us so their NTE
zone can be modified appropriately to
include this operation.

c. Transient operation. We are
proposing that only steady-state
operation be included in the NTE
testing. We are basing the test for
determining certification emissions
levels on the ISO E5 steady-state duty
cycles. The goal of the NTE, for this
proposal, is to cover the operation away
from the five modes on the assumed
propeller curve. Our understanding is
that the majority of marine engine
operation is steady-state; however, we
recognize that recreational marine use
would likely be more transient than
commercial marine use. At this time we
do not have enough data on marine
engine operation to accurately
determine the amount of transient
operation that occurs. We are aware that
the high-load transient operation seen
when a boat comes to plane would not
be included in the NTE zone as defined,
even if we would require compliance
with NTE standards during transient
operation. We are also aware that these
speed and load points could not be
achieved under steady-state operation
for a properly loaded boat in use.

Our proposal to exclude transient
operation from NTE testing is consistent
with the commercial marine diesel
requirements. Also, the proposed
standards are technology-forcing and are
for a previously unregulated industry.
We believe excluding transient
operation will simplify the requirements
on this industry while still maintaining
proportional emission reductions due to
the technology-forcing nature of this
proposal. We intend to study marine
operation to understand better the
effects of transient operation on
emissions. If we find that excluding
transient operation from the compliance
requirements results in a significant
increase in emissions, we will revisit
this provision in the future. We request
comment on the appropriateness of
excluding transient operation from NTE
requirements.

d. Emission standards. We are
proposing emission standards for an
NTE zone representing a multiplier
times the weighted test result used for
certification. Because an emission level
is an average of various points over a

test procedure, a multiplier of is
inconsistent with the idea of a Federal
Test Procedure standard as an average.
This is consistent with the concept of a
weighted modal emission test, such as
the steady-state tests included in this
proposal.

Consistent with the requirements for
commercial marine engines, we propose
that recreational marine diesel engines
must meet a cap of 1.5 times the
certified level for HC+NOx, PM, and CO
for the speed and power subzone below
45 percent of rated power and a cap of
1.2 times the certified levels at or above
45 percent of rated power. However, we
are proposing an additional subzone,
when compared to the commercial NTE
zone, at speeds greater than 95 percent
of rated. We are proposing a cap of 1.5
times the certified levels for this
subzone. This additional subzone
addresses the typical recreational design
for higher rated power. We understand
that this power is needed to ensure that
the engine can bring the boat to plane.

We are aware that marine diesel
engines may not be able to meet the
emissions limit under all conditions.
Specifically, there are times when
emission control must be compromised
for startability or safety. We are not
proposing that engine starting be
included in the NTE testing. In addition,
manufacturers would have the option of
petitioning the Administrator to allow
emissions to increase under engine
protection strategies such as when an
engine overheats. This is also consistent
with the requirements for commercial
marine engines.

e. Ambient conditions. Variations in
ambient conditions can affect emissions.
Such conditions include air
temperature, humidity, and (especially
for aftercooled engines) water
temperature. We are proposing to apply
the commercial marine engine ranges
for these variables. Chapter 4 of the
Draft Regulatory Support Document
provides more detail on how we
determined these ranges. Within the
ranges, there is no calculation to correct
measured emissions to standard
conditions. Outside of the ranges,
emissions can be corrected back to the
nearest end of the range. The proposed
ambient variable ranges are 13 to 35°C
(55 to 95°F) for intake air temperature,
7.1 to 10.7 g water/kg dry air (50 to 75
grains/pound dry air) for intake air
humidity, and 5 to 27°C (41 to 80°F) for
ambient water temperature.

D. Proposed Testing Requirements

40 CFR part 94 details specifications
for test equipment and procedures that
apply generally to commercial marine
engines. We propose to base the

recreational marine diesel engine test
procedures on this part. Section VIII
gives a general discussion of the
proposed testing requirements; this
section describes procedures that are
specific to recreational marine such as
the duty cycle for operating engines for
emission measurements. Chapter 4 of
the Draft Technical Support Document
describes these duty cycles in greater
detail.

1. Which Duty Cycles Are Used To
Measure Emissions?

For recreational marine diesel
engines, we are proposing to use the ISO
E5 duty cycle. This is a 5-mode steady
state cycle, including an idle mode and
four modes lying on a cubic propeller
curve. ISO intends for this cycle to be
used for all engines in boats less than 24
meters in length. We propose to apply
it to all recreational marine diesel
engines to avoid the complexity of tying
emission standards to boat
characteristics. A given engine may be
used in boats longer and shorter than 24
meters; engine manufacturers generally
will not know the size of the boat into
which an engine will be installed. Also,
we expect that most recreational boats
will be under 24 meters in length.
Chapter 4 of the Draft Regulatory
Support Document provides further
detail on the ISO E5 duty cycle. We
request comment on the appropriateness
of this duty cycle.

2. What Fuels Will Be Used During
Emission Testing?

We are proposing to use the same
specifications for recreational marine
diesel engines as we have used
previously for commercial marine diesel
engines. That means that the
recreational engines will use the same
test fuel that is required for testing
Category 1 commercial marine diesel
engines, which is a standard nonroad
test fuel with moderate sulfur content.
We are not aware of any difference in
fuel specifications for recreational and
commercial marine engines of
comparable size.

3. How Would In-Use Testing Be
Performed?

We have the authority to perform in-
use testing on marine engines to ensure
compliance in use. This testing may
include taking in-use marine engines
out of the vessel and testing them in a
laboratory, as well as field testing of in
use engines on the boat, in a marine
environment. We request comments on
the proposed in-use testing provisions
described below.

We propose to use field-testing data in
two ways. First, we would use it as a
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screening tool, with follow-up
laboratory testing over the ISO E5 duty
cycle where appropriate. Second, we
would use the data directly as a basis for
compliance determinations provided
that field testing equipment and
procedures are capable of providing
reliable information from which
conclusions can be drawn regarding
what emission levels would be in
laboratory-based measurements.

For marine engines that expel exhaust
gases underwater or mix their exhaust
with water, we propose to require
manufacturers to equip engines with an
exhaust sample port where a probe can
be inserted for in-use exhaust emission
testing. It is important that the location
of this port allow a well-mixed and
representative sample of the exhaust.
The purpose of this proposed provision
is to simplify in-use testing.

One of the advantages of the not-to-
exceed requirements will be to facilitate
in-use testing. This will allow us to
perform compliance testing in the field.
As long as the engine is operating under
steady-state conditions in the NTE zone,
we will be able to measure emissions
and compare them to the NTE limits.

E. Special Compliance Provisions

The provisions discussed here are
designed to minimize regulatory
burdens on manufacturers needing
added flexibility to comply with the
proposed engine standards. These
manufacturers include engine dressers,
small-volume engine marinizers, and
small-volume boat builders.

1. What Are the Proposed Burden
Reduction Approaches for Engine
Dressers?

Many recreational marine diesel
engine manufacturers take a new, land-
based engine and modify it for
installation on a marine vessel. Some of
the companies that modify an engine for
installation on a boat make no changes
that would affect emissions. Instead, the
modifications may consist of adding
mounting hardware and a generator or
reduction gears for propulsion. It can
also involve installing a new marine
cooling system that meets original
manufacturer specifications and
duplicates the cooling characteristics of
the land-based engine, but with a
different cooling medium (i.e., water). In
many ways, these manufacturers are
similar to nonroad equipment
manufacturers that purchase certified
land-based nonroad engines to make
auxiliary engines. This simplified
approach of producing an engine can
more accurately be described as
dressing an engine for a particular
application. Because the modified land-

based engines are subsequently used on
a marine vessel, however, these
modified engines will be considered
marine diesel engines, which then fall
under these proposed requirements.

To clarify the responsibilities of
engine dressers under this rule, we
propose to exempt them from the
requirement to certify engines to the
proposed emission standards, as long as
they meet the following seven proposed
conditions.

(1) The engine being dressed (the
“base” engine) must be a highway, land-
based nonroad, or locomotive engine,
certified pursuant to 40 CFR part 86, 89,
or 92, respectively, or a marine diesel
engine certified pursuant to this part.

(2) The base engine’s emissions, for
all pollutants, must be at least as good
as the otherwise applicable recreational
marine emission limits. In other words,
starting in 2005, a dressed nonroad Tier
1 engine will not qualify for this
exemption, because the more stringent
standards for recreational marine diesel
engines go into effect at that time.

(3) The dressing process must not
involve any modifications that can
change engine emissions. We would not
consider changes to the fuel system to
be engine dressing because this
equipment is integral to the combustion
characteristics of an engine.

(4) All components added to the
engine, including cooling systems, must
comply with the specifications provided
by the engine manufacturer.

(5) The original emissions-related
label must remain clearly visible on the
engine.

(6) The engine dresser must notify
purchasers that the marine engine is a
dressed highway, nonroad, or
locomotive engine and is exempt from
the requirements of 40 CFR part 94.

(7) The engine dresser must report
annually to us the models that are
exempt pursuant to this provision and
such other information as we deem
necessary to ensure appropriate use of
the exemption.

We propose that any engine dresser
not meeting all these conditions be
considered an engine manufacturer and
would accordingly need to certify that
new engines comply with this rule’s
provisions.

Under this proposal, an engine
dresser violating the above criteria
might be liable under anti-tampering
provisions for any change made to the
land-based engine that affects
emissions. The dresser might also be
subject to a compliance action for
selling new marine engines that are not
certified to the required emission
standards.

2. What Was the Small Business
Advocacy Review Panel?

As described in Section XI.B, the
August 1999 report of the Small
Business Advocacy Review Panel
addresses the concerns of sterndrive and
inboard engine marinizers,
compression-ignition recreational
marine engine marinizers, and boat
builders that use these engines.

To identify representatives of small
businesses for this process, we used the
definitions provided by the Small
Business Administration for engine
manufacturers and boat builders. We
then contacted companies
manufacturing internal-combustion
engines employing fewer than 1,000
people to be small-entity representatives
for the Panel. Companies selling or
installing such engines in boats and
employing fewer than 500 people were
also considered small businesses for the
Panel. Based on this information, we
asked 16 small businesses to serve as
small-entity representatives. These
companies represented a cross-section
of both gasoline and diesel engine
marinizers, as well as boat builders.

With input from small-entity
representatives, the Panel drafted a
report with findings and
recommendations on how to reduce the
potential small-business burden
resulting from this proposed rule. The
Panel’s recommended flexibility options
are described in the following sections.

3. What Are the Proposed Burden
Reduction Approaches for Small-
Volume Engine Marinizers?

We are proposing several flexibility
options for small-volume engine
marinizers. The purpose of these
options is to reduce the burden on
companies for which fixed costs cannot
be distributed over a large number of
engines. For this reason, we propose to
define a small-volume engine
manufacturer based on annual U.S. sales
of engines. This production count
would include all engines (automotive,
other nonroad, etc.) and not just
recreational marine engines. We
propose to consider small businesses to
be those that produce fewer than 1000
internal combustion engines per year.
Based on our characterization of the
industry, there is a natural break in
production volumes above 500 engine
sales where the next smallest
manufacturers make tens of thousands
of engines. We chose 1000 engines as a
limit because it groups together all the
marinizers most needing the proposed
burden reduction approaches, while
still allowing for reasonable sales
growth.
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The proposed flexibility options for
small-volume marinizers are discussed
below and would be used at the
manufacturers’ discretion. We request
comment on the appropriateness of
these flexibility options or other
options.

a. Broaden engine families. We
propose to allow small-volume
marinizers to put all of their models into
one engine family (or more as necessary)
for certification purposes. Marinizers
would then certify using the “worst-
case”’ configuration. This approach is
consistent with the flexibility offered to
post-manufacture marinizers under the
commercial marine regulations. The
advantage of this approach is that it
minimizes certification testing because
the marinizer can certify a single engine
in the first year to represent their whole
product line. As for large companies,
the small-volume manufacturers would
then be able carry-over data from year
to year until engine design changes
occur that would significantly affect
emissions.

We understand that this flexibility
alone may not be able to reduce the
burden enough for all small-volume
manufactures because it would still
require a certification test. We consider
this to be the foremost cost concern for
some small-volume manufacturers,
because the test costs are spread over
low sales volumes. Also, we recognize
that it may be difficult to determine the
worst-case emitter without additional
testing.

b. Minimize compliance requirements.
We propose to waive production-line
and deterioration testing for small-
volume marinizers. We would assign a
deterioration factor for use in
calculating end-of-life emission factors
for certification. The advantages of this
approach would be to minimize
compliance testing. Production-line and
deterioration testing would be more
extensive than a single certification test.

There are also some disadvantages of
this approach, because there would be
no testing assurance of engine emissions
at the production line. This is especially
a concern without a manufacturer-run
in-use testing program. Also, assigned
deterioration factors would not be as
accurate as deterioration factors
determined by the manufacturer
through testing. We request comment on
appropriate deterioration factors for the
technology discussed in this proposal.

c. Expand engine dresser flexibility.
We propose to expand the engine
dresser definition for small-volume
marinizers to include water-cooled
turbochargers where the goal is to match
the performance of the non water-cooled
turbocharger on the original certified

configuration. We believe this would
provide more opportunities for diesel
marinizers to be excluded from
certification testing if they operate as
dressers.

There would be some potential for
adverse emissions impacts because
emissions are sensitive to turbo-
matching; however, if the goal of the
marinizer is to match the performance
of the original turbocharger, this risk
should be small. We recognize that this
option would not likely benefit all
diesel marinizers because changes to
fuel management for power would not
qualify under engine dressing.

d. Streamlined certification. We are
requesting comment on allowing small-
volume marinizers to certify to a
performance standard by showing their
engines meet design criteria rather than
by certification testing. The goal would
be to reduce the costs of certification
testing. We are concerned that this
approach must be implemented
carefully to work effectively. This
would put us in the undesirable
position of specifying engine designs for
marinizers, which we have historically
avoided by setting performance
standards.

We are not clear on how to set
meaningful design criteria for marine
diesel engines. We expect that emission
reductions in diesel engines will be
achieved through careful calibration of
the engine fuel and air management
systems using strategies such as timing
retard and charge-air cooling. It may not
be feasible to specify criteria for ignition
timing, charge-air temperatures, and
injection pressures that would ensure
that every engine can achieve the
targeted level of emission control. While
we do not believe design criteria can be
set to provide sufficient assurance of
emission control from these engines, we
ask for comment on any possible
approaches.

We propose to allow small-volume
marinizers to certify to the proposed
not-to-exceed (NTE) requirements with
a streamlined approach. We believe
small-volume marinizers could make a
satisfactory showing that they meet NTE
standards with limited test data. Once
these manufacturers test engines over
the proposed five-mode certification
duty cycle (E5), they could use those or
other test points to extrapolate the
results to the rest of the NTE zone. For
example, an engineering analysis could
consider engine timing and fueling rate
to determine how much the engine’s
emissions may change at points not
included in the E5 cycle. For this
streamlined NTE approach, we propose
that keeping all four test modes of the
E5 cycle within the NTE standards

would be enough for small-volume
marinizers to certify compliance with
NTE requirements, as long as there are
no significant changes in timing or
fueling rate between modes. We request
comment on this approach.

e. Delay standards for five years. We
propose that small-volume marinizers
not have to comply with the standards
for five years after they take effect for
larger companies. Under this plan the
proposed standards would take effect
from 2011 to 2014 for small-volume
marinizers, depending on engine size.
We propose that marinizers would be
able to apply this delay to all or just a
portion of their production. They could
therefore still sell engines that meet the
standards when possible on some
product lines while delaying
introduction of emission-control
technology on other product lines. This
option provides more time for small
marinizers to redesign their products,
allowing time to learn from the
technology development of the rest of
the industry.

While we are concerned about the
loss of emission control from part of the
fleet during this time, we recognize the
special needs of small-volume
marinizers and believe the added time
may be necessary for these companies to
comply with the proposed emission
standards. This additional time will
allow small-volume marinizers to obtain
and implement proven, cost-effective
emission-control technology. Some
small-volume marinizers have
expressed concern to the Small Business
Advocacy Panel that large
manufacturers could have competitive
advantage if they market their engines
as cleaner than the small-business
engines. Other small-volume
manufacturers commented that this
provision would be useful to them.

We are also requesting comment on
limited exemptions for small-volume
marinizers. Under this sort of flexibility,
upon request from a small-volume
marinizer, we would exempt a small
number of engines per year for 8 to 10
years. An example of a small-volume
exemptions would be 50 marine diesel
engines per year. We are concerned,
however, that this approach may not be
appropriate given our goal of reducing
burden on small businesses without
significant loss in emission control.

f. Hardship provisions. We are
proposing two hardship provisions for
small-volume marinizers. Marinizers
would be able to apply for this relief on
an annual basis. First, we propose that
small marinizers could petition us for
additional time to comply with the
standards. The marinizer would have to
make the case that it has taken all
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possible steps to comply but the burden
of compliance costs would have a major
impact on the company’s solvency.
Also, if a certified base engine were
available, we propose that the marinizer
would have to use this engine. We
believe this provision would protect
small-volume marinizers from undue
hardship due to certification burden.
Also, some emission reduction could be
gained if a certified base engine
becomes available.

Second, we propose that small-
volume marinizers could also apply for
hardship relief if circumstances outside
their control caused the failure to
comply (such as a supply contract
broken by parts supplier) and if failure
to sell the subject engines would have
a major impact on the company’s
solvency. We would consider this relief
mechanism as a option to be used only
as a last resort. We believe this
provision would protect small-volume
marinizers from circumstances outside
their control.

g. Use of emission credits. We request
comment on the appropriateness of
allowing small-volume manufacturers to
purchase credits under the streamlined
certification approach described above.
Under this approach, the engine’s
emission performance for purposes of
certification is determined on the basis
of design features rather than emission
test results alone. Certification would
therefore depend on engineering
analysis and design criteria. Without a
full set of emission test data, however,
it would not be possible for these
manufacturers to participate in an
emission-credit program.

We believe the level of credits
necessary to offset emissions from
uncontrolled engines could be
established conservatively to maximize
assurance of compliance. For this
reason, the baseline emissions of the
uncontrolled engine could be based on
the worst-case baseline data we are
aware of, which would currently be 20
g/kW-hr HC+NOx and 1 g/kW-hr PM.
The credits needed would then be
calculated using the proposed standards
and the usage assumptions presented in
Chapter 6 of the Draft Regulatory
Support Document.

Under this limited emission-credit
program, we propose that the
participating manufacturer would be
able to buy credits offered for sale by
recreational marine diesel engine
manufacturers certifying only on the
basis of emission tests (not using the
streamlined certification described
above). We propose that cross-trading
outside of recreational marine not be
allowed, because it could prevent
emission reductions from being

achieved in areas where boats
contribute most significantly to local air
pollution and it could prevent new
technology from being applied to
recreational marine engines. However,
we request comment on whether or not
small-volume marinizers should be able
to use credits generated from other
sectors such as land-based nonroad
engines.

4. What Are the Proposed Burden
Reduction Approaches for Small-
Volume Boat Builders Using
Recreational Marine Diesel Engines?

The SBAR Panel Report recommends
that we propose burden reduction
approaches for small-volume boat
builders. This recommendation was
based on the concern that, although boat
builders would not be directly regulated
under the proposed engine standards,
they may need to redesign engine
compartments on some boats if engine
designs were to change significantly.
Based on comments from industry, we
believe these flexibility options may be
appropriate; however, they may also
turn out to be unnecessary.

We are proposing four flexibility
options for small-volume vessel
manufacturers using recreational marine
diesel engines. The purpose of these
options is to reduce the burden on
companies for which fixed costs cannot
be distributed over a large number of
vessels. For this reason, we propose to
define a small-volume boat builder as
one that produces fewer than 100 boats
for sale in the U.S. in one year and
meets the Small Business
Administration definition of a small
business (fewer than 500 employees).
The production count would include all
engine-powered recreational boats. We
propose that these flexibility options be
used at the manufacturer’s discretion.
The proposed flexibility options for
small-volume boat builders are
discussed below. We request comment
on the appropriateness of these or other
flexibility options.

a. Percent-of-production delay. This
proposed flexibility would allow
manufacturers, with written request
from a small-volume boat builder and
prior approval from us, to produce a
limited number of uncertified
recreational marine engines. We
propose that, over a period of five years
(2006—2010), small-volume boat
builders would be able to purchase
uncertified engines to sell in boats for
an amount equal to 80 percent of engine
sales for one year. For example, if the
small boat builder sells 100 engines per
year, a total of 80 uncertified engines
may be sold over the five-year period.
This should give small boat builders

flexibility to delay using new engine
designs for a portion of business.

We currently believe this flexibility is
appropriate, however, it is possible that
this flexibility could turn out to be
unnecessary if the standards do not
result in significant changes in engine
size, power-to-weight ratio, or other
parameters that would affect boat
design. Moreover, custom boat builders
may not need this flexibility if they
design each boat from the ground up.
We are also concerned that this
flexibility could reduce the market for
the certified engines produced by the
engine manufacturers and could make it
difficult for customs inspectors to know
which uncertified engines can be
imported. We therefore propose that
engines produced under this flexibility
would have to be labeled as such.

b. Small-volume allowance. This
proposed flexibility is similar to the
percent-of-production allowance, but is
designed for boat builders with very
small production volumes. The only
difference with the above flexibility
would be that the 80-percent allowance
described above could be exceeded as
long as sales do not exceed either 10
engines per year or 20 engines over five
years (2006—2010). This proposed
flexibility would apply only to engines
less than or equal to 2.5 liters per
cylinder.

c. Existing inventory and replacement
engine allowance. We propose that
small-volume boat builders be allowed
to sell their existing inventory after the
implementation date of the new
standards. However, no purposeful
stockpiling of uncertified engines would
be permitted. This provision is intended
to allow small boat builders flexibility
to turn over engine designs.

d. Hardship relief provision. We
propose that small boat builders could
apply for hardship relief if
circumstances outside their control
caused the problem (for example, if a
supply contract were broken by the
engine supplier) and if failure to sell the
subject vessels would have a major
impact on the company’s solvency. This
relief would allow the boat builder to
use an uncertified engine and would be
considered a mechanism of last resort.
These hardship provisions are
consistent with those currently in place
for post-manufacture marinizers of
commercial marine diesel engines.

F. Technical Amendments

The proposed regulations include a
variety of amendments to the programs
already adopted for marine spark-
ignition and diesel engines, as described
in the following paragraphs.
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1. 40 CFR Part 91

We have identified three principal
amendments to the requirements for
outboard and personal watercraft
engines. First, we are proposing to add
a definition of United States. This is
especially helpful in clearing up
questions related to U.S. territories in
the Carribean Sea and the Pacific Ocean.
Second, we have found two
typographical errors in the equations
needed for calculating emission levels
in 40 CFR 91.419. Finally, we are
proposing to clarify testing rates for the
in-use testing program. The regulations
currently specify a maximum rate of 25
percent of a manufacturer’s engine
families. We are proposing to clarify
that for manufacturers with fewer than
four engine families, the maximum
testing rate should be one family per
year in place of the percentage
calculation. We request comment on
these amendments. Specifically, we
request comment on whether there is a
need to delay the effectiveness of any of
these amendments to allow
manufacturers time to comply with new
requirements.

2. 40 CFR Part 94

We are proposing several regulatory
amendments to the program for
commercial marine diesel engines.
Several of these are straightforward
edits for correct grammar and cross
references.

We propose to change the definition
of United States, as described in the
previous section.

We are proposing to add a definition
for spark-ignition, consistent with the
existing definition for compression-
ignition. This would allow us to define
compression-ignition as any engine that
is not spark-ignition. This would help
ensure that marine emission standards
for the different types of engines fit
together appropriately. We do not
expect this change to affect any current
engines.

The discussion of production-line
testing in Section III includes a proposal
to reduce testing rates after two years of
consistent good performance. We
propose to extend this provision to
commercial marine diesel engines as
well.

The test procedures for Category 2
marine engines give a cross-reference to
40 CFR part 92, which defines the
procedures for testing locomotives and
locomotive engines. Part 92 specifies a
wide range of ambient temperatures for
testing, to allow for outdoor
measurements. We expect all testing of
Category 2 marine engines to occur
indoors and are therefore proposing to

adopt a range of 13° to 30° C (55° to 86°
F) for emission testing.

We request comment on modifying
the language prohibiting emission
controls that increase unregulated
pollutants. The existing language states:

An engine with an emission-control system
may not emit any noxious or toxic substance
which would not be emitted in the operation
of the engine in the absence of such a system,
except as specifically permitted by
regulation.

Amended regulatory language would
focus on preventing emissions that
would endanger public welfare, rather
than setting a standard that allows no
tradeoff between pollutants. We are
considering this also in emission-
control programs for other types of
engines, since various prospective
engine technologies require more
careful consideration of this issue.

You may not design your engines with
emission-control devices, systems, or
elements of design that cause or contribute to
an unreasonable risk to public health,
welfare, or safety while operating. This
applies especially if the engine emits any
noxious or toxic substance it would
otherwise not emit.

After completing the final rule for
commercial marine diesel engines,
manufacturers expressed a concern
about the phase-in schedule for engine
models under 2.5 liters per cylinder.
Some of these engine models include
ratings above 560 kW (750 hp). When
we proposed emission standards for
these engines, we suggested that the
larger engines could certify according to
an earlier schedule, since the lower-
power engines from those product lines
would need to meet emission standards
for marine and land-based nonroad
engines earlier. We received no
comment on this position. We request
comment on the need to accommodate
manufacturers’ calibration, certification,
and production schedules in aligning
the marine and land-based nonroad
diesel engine emission standards and on
what offsets are appropriate.

G. Technological Feasibility

We believe the emission-reduction
strategies expected for land-based
nonroad diesel engines and commercial
marine diesel engines can also be
applied to recreational marine diesel
engines. Marine diesel engines are
generally derivatives of land-based
nonroad and highway diesel engines.
Marine engine manufacturers and
marinizers make modifications to the
engine to make it ready for use in a
vessel. These modifications can range
from basic engine mounting and cooling
changes to a restructuring of the power
assembly and fuel management system.

Chapters 3 and 4 of the Draft Regulatory
Support Document discuss this process
in more detail. Also, we have collected
emission data demonstrating the
feasibility of the not-to-exceed
requirements. These data are presented
in Chapter 4 of the Draft Regulatory
Support Document.

1. Implementation Schedule

For recreational marine diesel
engines, the proposed implementation
schedule allows an additional two years
of delay beyond the commercial marine
diesel standards. This represents up to
a five-year delay in standards relative to
the implementation dates of the land-
based nonroad standards. This should
reduce the burden of complying with
the proposed regulatory scheme by
allowing time for carryover of
technology from land-based nonroad
and commercial marine diesel engines.
In addition, the proposed
implementation dates represent four or
more years of lead time beyond the
planned date for our final rule.

2. Standard Levels

Marine diesel engines are typically
derived from or use the same technology
as land-based nonroad and commercial
marine diesel engines and should
therefore be able to effectively use the
same emission-control strategies. In fact,
recreational marine engines can make
more use of the water they operate in as
a cooling medium compared with
commercial marine, because they are
able to make use of raw-water
aftercooling. This can help them reduce
charge-air intake temperatures more
easily than the commercial models and
much more easily than land-based
nonroad diesel engines. Cooling the
intake charge reduces the formation of
NOx emissions.

3. Technological Approaches

We anticipate that manufacturers will
meet the proposed standards for
recreational marine diesel engines
primarily with technology that will be
applied to land-based nonroad and
commercial marine diesel engines.
Much of this technology has already
been established in highway
applications and is being used in
limited land-based nonroad and marine
applications. Our analysis of this
technology is described in detail in
Chapters 3 and 4 of the Draft Regulatory
Support Document for this proposed
rule and is summarized here. We
request comment on the applicability of
the technology discussed below for CI
recreational marine engines.

Our cost analysis is based on the
technology package which we believe
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most manufacturers will apply and is
described in Chapter 5 of the Draft
Regulatory Support Document. Our
estimated costs of control are an
“average” based on this technology
package. This assumes that reductions
from the package are all necessary and
that the performance in the area of
emission reductions is linear. While we
believe this is a reasonable approach for
estimating the overall costs of
compliance, we are also seeking
comment on whether there are different
technologies or different application of
the technologies in our package which
could affect the marginal costs of
compliance. That is to say, is there an
incremental difference in technology
which would reduce (or increase) costs
significantly, and thus significantly
affect the costs of control for a small
given margin of additional emission
reduction.

By proposing standards that don’t go
into place until 2006, we are providing
engine manufacturers with substantial
lead time for developing, testing, and
implementing emission-control
technologies. This lead time and the
coordination of standards with those for
land-based nonroad engines allows time
for a comprehensive program to
integrate the most effective emission-
control approaches into the
manufacturers’ overall design goals
related to durability, reliability, and fuel
consumption.

Engine manufacturers have already
shown some initiative in producing
limited numbers of low-NOx marine
diesel engines. More than 80 of these
engines have been placed into service in
California through demonstration
programs. The Draft Regulatory Support
Document further discusses these
engines and their emission results.
Through the demonstration programs,
we were able to gain some insight into
what technologies can be used to meet
the proposed emission standards.

Highway engines have been the
leaders in developing new emission-
control technology for diesel engines.
Because of the similar engine designs in
land-based nonroad and marine diesel
engines, it is clear that much of the
technological development that has led
to lower-emitting highway engines can
be transferred or adapted for use on

land-based nonroad and marine engines.

Much of the improvement in emissions
from these engines comes from
“internal” engine changes such as
variation in fuel-injection variables
(injection timing, injection pressure,
spray pattern, rate shaping), modified
piston bowl geometry for better air-fuel
mixing, and improvements intended to
reduce oil consumption. Introduction

and ongoing improvement of electronic
controls have played a vital role in
facilitating many of these
improvements.

Turbocharging is widely used now in
marine applications, especially in larger
engines, because it improves power and
efficiency by compressing the intake air.
Turbocharging may also be used to
decrease particulate emissions in the
exhaust. Today, marine engine
manufacturers generally have to
rematch the turbocharger to the engine
characteristics of the marine version of
a nonroad engine and often will add
water jacketing around the turbocharger
housing to keep surface temperatures
low. Once the nonroad Tier 2 engines
are available to the marine industry,
matching the turbochargers for the
engines will be an important step in
achieving low emissions.

Aftercooling is a well established
technology for reducing NOx by
decreasing the temperature of the charge
air after it has been heated during
compression. Decreasing the charge-air
temperature directly reduces the peak
cylinder temperature during
combustion, which is the primary cause
of NOx formation. Air-to-water and
water-to-water aftercoolers are well
established for land-based applications.
For engines in marine vessels, there are
two different types of aftercooling:
jacket-water and raw-water aftercooling.
With jacket-water aftercooling, the fluid
that extracts heat from the aftercooler is
itself cooled by ambient water. This
cooling circuit may either be the same
circuit used to cool the engine or it may
be a separate circuit. By moving to a
separate circuit, marine engine
manufacturers would be able to achieve
further reductions in the charge-air
temperature. This separate circuit could
result in even lower temperatures by
using raw water as the coolant. This
means that ambient water is pumped
directly to the aftercooler. Raw-water
aftercooling is currently widely used in
recreational applications. Because of the
access that marine engines have to a
large ambient water cooling medium,
we anticipate that marine diesel engine
manufacturers will largely achieve the
reductions in NOx emissions for this
proposal through the use of aftercooling.

Electronic controls also offer great
potential for improved control of engine
parameters for better performance and
lower emissions. Unit pumps or
injectors would allow higher-pressure
fuel injection with rate shaping to
carefully time the delivery of the whole
volume of injected fuel into the
cylinder. Marine engine manufacturers
should be able to take advantage of
modifications to the routing of the

intake air and the shape of the
combustion chamber of nonroad engines
for improved mixing of the fuel-air
charge. Separate-circuit aftercooling
(both jacket-water and raw-water) will
likely gain widespread use in
turbocharged engines to increase
performance and lower NOx.

4, Our Conclusions

The proposed standards for
recreational marine diesel engines
reasonably reflect what manufacturers
can achieve through the application of
available technology. Recreational
marine diesel engine manufacturers will
need to use the available lead time to
develop the necessary emission-control
strategies, including transfer of
technology from land-based nonroad
and commercial marine CI engines. This
development effort will require not only
achieving the targeted emission levels,
but also ensuring that each engine will
meet all performance and emission
requirements over its useful life. The
proposed standards clearly represent
significant reductions compared with
baseline emission levels.

Emission-control technology for
diesel engines is in a period of rapid
development in response to the range of
emission standards in place (and under
consideration) for highway and land-
based nonroad engines in the years
ahead. This development effort will
automatically transfer to some extent to
marine engines, because marine engines
are often derivatives of highway and
land-based nonroad engines. Regardless,
this development effort would need to
expand to meet the proposed standards.
Because the technology development for
highway and land-based nonroad
engines will largely constitute basic
research of diesel engine combustion,
the results should generally find direct
application to marine engines.

Based on information currently
available, we believe it is feasible for
recreational marine diesel engine
manufacturers to meet the proposed
standards using combinations of
technological approaches discussed
above and in Chapters 3 and 4 of the
Draft Regulatory Support Document. To
the extent that the technologies
described above may not yield the full
degree of emission reduction
anticipated, manufacturers could still
rely on a modest degree of fuel-injection
timing retard as a strategy for complying
with the proposed emission standards.

In addition, we believe the
flexibilities incorporated into this
proposal will permit marinizers and
boat builders to respond to engine
changes in an orderly way. We expect
that meeting these requirements will



