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Background
The first European legislation to regulate emissions from

nonroad (off-road) mobile equipment was promulgated on
December 16, 1997 [Directive 97/68/EC]. The regulations
for nonroad diesels were introduced in two stages: Stage I
implemented in 1999 and Stage II implemented from
2001 to 2004, depending on the engine power output.

The equipment covered by the standard included
industrial drilling rigs, compressors, construction wheel
loaders, bulldozers, nonroad trucks, highway excava-
tors, forklift trucks, road maintenance equipment, snow
plows, ground support equipment in airports, aerial lifts
and mobile cranes. Agricultural and forestry tractors
had the same emission standards but different imple-
mentation dates [Directive 2000/25/EC]. Engines used
in ships, railway locomotives, aircraft, and generating
sets were not covered by the Stage I/II standards.

On December 9, 2002, the European Parliament
adopted Directive 2002/88/EC, amending the nonroad
Directive 97/68/EC by adding emission standards for
small, gasoline fueled utility engines below 19 kW. The
Directive also extended the applicability of Stage II
standards on constant speed engines. The utility engine
emission standards are to a large degree aligned with
the U.S. emission standards for small utility engines.

Stage III/IV emission standards for nonroad engines
were adopted by the European Parliament on 21 April
2004 [Directive 2004/26/EC]. Stage III standards are
phased-in from 2006 to 2013, Stage IV enter into force
in 2014. The Stage III/IV standards, in addition to the
engine categories regulated at Stage I/II, also cover rail-
road locomotive engines and marine engines used for
inland waterway vessels. Stage III/IV legislation applies
only to new vehicles and equipment; replacement
engines to be used in machinery already in use (except
for railcar, locomotive and inland waterway vessel
propulsion engines) should comply with the limit values
that the engine to be replaced had to meet when origi-
nally placed on the market.

EU nonroad emission standards usually specify two
sets of implementation dates:
• Type approval dates, after which all newly type

approved models must meet the standard, and 
• Market placement (or first registration) dates, after

which all new engines placed on the market must
meet the standard. 

All dates listed in the following tables are the market
placement dates. In most cases, new type approval dates
are one year before the respective market placement dates.

A sell-off period of up to two years is allowed for
engines produced prior to the respective market place-

ment date. Since the sell-off period—between zero and
two years—is determined by each Member State, the
exact timeframe of the regulations may be different in
different countries.

Regulatory authorities in the EU, U.S.A. and Japan have
been under pressure from engine and equipment manufac-
turers to harmonize worldwide emission standards in order
to streamline engine development and emission type
approval/certification for different markets. Stage I/II limits
were in part harmonized with U.S. regulations. Stage III/IV
limits are harmonized with the U.S. Tier 3/4 standards.
Stage I/II Standards

Stage I and Stage II emissions shall not exceed the
amount shown in Table 1. The Stage I emissions are
engine-out limits and shall be achieved before any
exhaust aftertreatment device.

Table 1
EU Stage I/II Emission Standards for 

Nonroad Diesel Engines 

Emissions are measured on the ISO 8178 C1 8-mode
cycle and expressed in g/kWh. Stage I/II engines are
tested using fuel of 0.1-0.2% (wt.) sulfur content.
Stage III/IV Standards

Stage III standards—which are further divided into
two sub-stages: Stage III A and Stage III B—and Stage IV
standards for nonroad diesel engines are listed in Table
2, Table 3 and Table 4, respectively. These limit values
apply to all nonroad diesel engines of indicated power
range for use in applications other than propulsion of
locomotives, railcars and inland waterway vessels.

Stage III B standards introduce PM limit of 0.025 g/kWh,
representing about 90% emission reduction relative to
Stage II. To meet this limit value, it is anticipated that
engines will have to be equipped with particulate filters.
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Stage IV also introduces a very stringent NOx limit of 0.4
g/kWh, which is expected to require NOx aftertreatment.

Table 2
Stage III A Standards for Nonroad Engines

Table 3
Stage III B Standards for Nonroad Engines

Table 4
Stage IV Standards for Nonroad Engines

To represent emissions during real conditions, a new
transient test procedure—the Non-Road Transient Cycle
(NRTC)—was developed in cooperation with the U.S.
EPA. The NRTC is run twice—with a cold and a hot
start. The final emission results are weighted averages of
10% for the cold start and 90% for the hot-start run.
The new test will be used in parallel with the prior
steady-state schedule, ISO 8178 C1, referred to as the
Non-Road Steady Cycle (NRSC).
• The NRTC (transient) shall be used for measurement

of particulate emissions for Stage III B and IV for all
engines but constant speed engines. By the choice
of the manufacturer, NRTC can be used also for
Stage III A and for gaseous pollutants in Stage III B
and IV. 

• The NRSC (steady-state) shall be used for stages I, II
and III A and for constant speed engines, as well as

for Stage III B and IV for gaseous pollutants. 
Inland Water Vessels. Unlike the Stage I/II legislation,

the Stage III A standards also cover engines used in
inland waterway vessels, Table 5. Engines are divided
into categories based on the displacement (swept vol-
ume) per cylinder and net power output. The engine
categories and the standards are harmonized with the
U.S. standards for marine engines. There are no Stage III
B or Stage IV standards for waterway vessels.

Table 5
Stage III A Standards for Inland Waterway Vessels

Rail Traction Engines. Stage III A and III B standards
have been adopted for engines above 130 kW used for
the propulsion of railroad locomotives (categories R,
RL, RH) and railcars (RC), Table 6 and Table 7.

Table 6
Stage III A Standards for Rail Traction Engines

Table 7 
Stage III B Standards for Rail Traction Engines

Stage III/IV standards will undergo a technical review
by the end of 2007, which will determine the technical
feasibility of standards and recommend relaxing or
tightening of the limits, as may be appropriate.

Emissions Standards: European Union
Heavy-Duty Diesel Truck And Bus Engines

Regulatory Framework
The European regulations for new heavy-duty diesel

engines are commonly referred to as Euro I - V. The
Euro I standards for medium- and heavy-duty engines
were introduced in 1992. The Euro II regulations came
along in 1996. These standards applied to both heavy-
duty highway diesel engines and urban buses. The
urban bus standards were voluntary.

In 1999, the European Parliament and the Council of
Environment Ministers adopted the final Euro III stan-
dard (Directive 1999/96/EC of December 13, 1999,
amending the Heavy Duty Diesel emissions Directive
88/77/EEC) and also adopted Euro IV and V standards
for the year 2005/2008. The standards also set specific,
stricter values for extra low emission vehicles (also
known as “enhanced environmentally friendly vehicles”
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or EEVs) in view of their contribution to reducing
atmospheric pollution in cities.

In April 2001, the European Commission adopted
Directive 2001/27/EC which introduced further amend-
ments to Directive 88/77/EEC. The new Directive prohibits
the use of emission “defeat devices” and “irrational” emis-
sion control strategies, which would be reducing the effi-
ciency of emission control systems when vehicles operate
under normal driving conditions to levels below those
determined during the emission testing procedure.

It is expected that the emission limit values set for 2005
and 2008 will require all new diesel-powered heavy-duty
vehicles to be fitted with exhaust gas aftertreatment
devices, such as particulate traps and DeNOx catalysts.
The 2008 NOx standard will be reviewed by Dec. 31,
2002 and either confirmed or modified, depending on the
available emission control technology.

Emissions Standards
The following table contains a summary of the emis-

sion standards and their implementation dates.
Table 1

EU Emission Standards for HD Diesel Engines,
g/kWh (smoke in m-1)

Changes in the engine test cycles have been introduced in
the Euro III standard (year 2000). The old steady-state engine
test cycle ECE R-49 will be replaced by two cycles: a sta-
tionary cycle ESC (European Stationary Cycle) and a tran-
sient cycle ETC (European Transient Cycle). Smoke opacity is
measured on the ELR (European Load Response) test.

For the type approval of new vehicles with diesel
engines according to the Euro III standard (year 2000),
manufacturers have the choice between either of these
tests. For type approval according to the Euro IV (year

2005) limit values and for EEVs, the emissions have to
be determined on both the ETC and the ESC/ELR tests.

Emission standards for diesel engines that are tested
on the ETC test cycle, as well as for heavy-duty gas
engines, are summarized in Table 2.

Table 2
Emission Standards for Diesel 

and Gas Engines, ETC Test, g/kWh

EU Member States will be allowed to use tax incentives
in order to speed up the marketing of vehicles meet-
ing the new standards. Such incentives have to com-
ply with the following conditions:
• they apply to all new vehicles offered for sale on the
market of a Member State which comply in advance
with the mandatory limit values set out by the Directive,
• they cease when the new limit values come into
effect (i.e. in 2000, 2005 or 2008), 
• for each type of vehicle they do not exceed the
additional cost of the technical solutions introduced
to ensure compliance with the limit values. 

A new proposal, to be submitted by the European
Commission by Dec. 31, 2000, included:
• rules pertaining to the introduction of an on-board
diagnostic system (OBD) for heavy-duty vehicles from
October 1, 2005 (similarly as provided for in Directive
98/69/EC on the reduction of exhaust emissions from
passenger cars and light commercial vehicles), 
• provisions on the durability of emission control devices
with effect from October 1, 2005 (to ensure that they
operate correctly during the normal life of a vehicle), 
• provisions to ensure the conformity of in-service
vehicles which are properly maintained and used, 
• appropriate limits for pollutants currently non-reg-
ulated as a consequence of the widespread intro-
duction of new alternative fuels.

Emissions Standards: Japan
Commercial Vehicles

Emission standards for new diesel-fueled commercial
vehicles are summarized in Table 2 for light vehicles
(chassis dynamometer test) and in Table 3 for heavy
vehicles (engine dynamometer test). Light-duty trucks
and buses are tested on the 10-15 mode cycle. The test
procedure for heavy-duty engines is the 13-mode cycle,
which replaced the earlier 6-mode cycle.

The 2005 regulation introduces two new transient
tests: a cycle for vehicles below 3500 kg GVW and the
JE05 test for vehicles above 3500 kg. For light vehicles,
the new test will be phased in through 2011 following
the schedule for passenger cars. For heavy vehicles, the
new heavy-duty test cycle (warm start version) becomes
effective in 2005. Test procedures and units of measure
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are indicated in the tables. Vehicles and engines are tested
using 50 ppm S fuel for the 2005 standards.

Table 2
Diesel Emission Standards for Light Commercial

Vehicles GVW ≤ 2500 kg (≤ 3500 kg beginning 2005)

Table 3
Diesel Emission Standards for Heavy Commercial

Vehicles GVW > 2500 kg (> 3500 kg beginning 2005)

Emissions Standards: Japan
Off-Road Engines

Special Motor Vehicle Standards (MOT)
The “Special Motor Vehicle” standards apply to non-

road vehicles rated between 19-560 kW with license
plates. Example equipment includes agricultural trac-
tors, forklifts or wheel loaders. These standards are
jointly established by the MOE and MLIT; in the past
they were under the jurisdiction of the former Ministry
of Transport (MOT). The first set of MOT standards
became effective starting in October 2003 (Table 1).

In July 2003, the Air Pollution Committee of the
MOE’s Central Environmental Council agreed on the
second stage emissions limits for special vehicles, which
are labelled in Table 1 as “proposed.” These proposed
standards, although similar in stringency to the U.S. Tier
3 (2006-2008) and the EU Stage III A (2005-2007), are
not harmonized with U.S. and/or EU regulations.

Emissions are measured on the ISO 8178-4 C1 cycle.
Smoke is measured according to JCMAS T-004.

Table 1
Emission Standards for

Special Motor Vehicles (MOT), g/kWh

The aforementioned emission standards will not require the use of exhaust
aftertreatment devices, such as diesel particulate filters. The MOE’s Central
Environmental Council indicated it will consider adopting “aftertreatment-
forcing” standards with implementation dates around 2010.

Construction Machinery Standards (MOC)
The Construction Machinery emission standards—

shown in Table 2—apply to a variety of construction
equipment including backhoe loaders, tractor-type
loaders, concrete sprayers, drill jumbos, dump trucks,
truck mixers, generators, air compressors and wheel
cranes. These standards, now under the jurisdiction of
MLIT, used to be set by the former Ministry of
Construction (MOC). The MOC “Stage 2” standards are
aligned with the MOT “Stage 1” (Table 1).

All standards are expressed in g/kWh and measured
on the 8-mode C1 cycle of the ISO 8178 standard.

Table 2
Emission Standards for Diesel Construction

Equipment (MOC), g/kWh
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Emissions Standards: China
On-Highway Vehicles And Engines

Emissions Standards: U.S.A.
Heavy-Duty Diesel Truck And Bus Engines

Background
Vehicle and engine emission standards are adopted at

the federal level in China by the State Environmental
Protection Administration (SEPA). First emission regula-
tions became effective in the 1990s [Regulation GB-
14761]. Chinese standards are based on European regula-
tions, which are being adopted with a certain time delay.

Large metropolitan areas, including Beijing and
Shanghai, have adopted more stringent regulations on
an accelerated schedule, ahead of the rest of the coun-
try. It is planned that Beijing will implement Euro 4
standards for light-duty vehicles by 2008, the year of
the Beijing Olympics.

Light-Duty Vehicles
Chinese implementation schedule of Euro 1-4 emis-

sion standards for new passenger cars and light-duty
commercial vehicles is listed in Table 1. The nation-
wide dates generally refer to new type approvals—first
registration of existing vehicle models is typically
allowed for one more year.

Table 1
Implementation Dates for Light-Duty 

Vehicle Emission Standards

New gasoline vehicles must also meet an evaporative
emission limit of 2 g/test (SHED).
Heavy-Duty Vehicles

Emission standards for new heavy-duty truck and bus
engines—based on the Euro I - II standards—are listed
in Table 2.

Table 2
Emission Standards for Heavy-Duty Engines, g/kWh

Emissions are tested over the 13-mode ECE R-49 or
the Chinese 9-mode test.

Applicability And Test Cycles
The following emission standards apply to new diesel

engines used in heavy-duty highway vehicles. The cur-
rent federal definition of a compression-ignition (diesel)
engine is based on the engine cycle, rather than the
ignition mechanism, with the presence of a throttle as
an indicator to distinguish between diesel-cycle and
otto-cycle operation. Regulating power by controlling
the fuel supply in lieu of a throttle corresponds with
lean combustion and the diesel-cycle operation (this
allows the possibility that a natural gas-fueled engine
equipped with a sparkplug is considered a compres-
sion-ignition engine).
Heavy-duty vehicles are defined as vehicles of GVWR

(gross vehicle weight rating) of above 8,500 lb. in
the federal jurisdiction and above 14,000 lb. in
California (model year 1995 and later). Diesel
engines used in heavy-duty vehicles are further
divided into service classes by GVWR, as follows.

• Light heavy-duty diesel engines: 8,500 < LHDDE < 19,500
(14,000 < LHDDE < 19,500 in California, 1995+) 

• Medium heavy-duty diesel engines: 19,500 MHDDE
≤33,000 

• Heavy heavy-duty diesel engines (including urban
bus): HHDDE > 33,000 

Under the federal light-duty Tier 2 regulation (phased-
in beginning 2004) vehicles of GVWR up to 10,000 lb.
used for personal transportation have been re-classified
as “medium-duty passenger vehicles” (MDPV—primari-
ly larger SUVs and passenger vans) and are subject to
the light-duty vehicle legislation. Therefore, the same
diesel engine model used for the 8,500 - 10,000 lb.
vehicle category may be classified as either light- or
heavy-duty and certified to different standards, depend-
ing on the application.

Current federal regulations do not require that com-
plete heavy-duty diesel vehicles be chassis certified,
instead requiring certification of their engines (as an
option, complete heavy-duty diesel vehicles under
14,000 lb. can be chassis certified). Consequently, the

2006_EmissionsStandrds.qxp  4/26/06  3:47 PM  Page 5



Produced in cooperation with: www.DieselNet.com

basic standards are expressed in g/bhp·hr and require
emission testing over the Transient FTP engine dyna-
mometer cycle (however, chassis certification may be
required for complete heavy-duty gasoline vehicles with
pertinent emission standards expressed in g/mile).

Additional emission testing requirements, first intro-

duced in 1998, include the following:

• Supplemental Emission Test (SET) 

• Not-to-Exceed (NTE) limits 

These tests were introduced for most signees of the

1998 Consent Decrees between the EPA and engine

manufacturers for the period 1998 - 2004. Federal regu-

lations require the supplemental testing from all engine

manufacturers effective 2007. In California, the tests are

required for all engines effective model year 2005.

The SET is a 13-mode steady-state test that was intro-

duced to help ensure that heavy-duty engine emissions

are controlled during steady-state type driving, such as

a line-haul truck operating on a freeway. The test is

based on the EU 13-mode ESC schedule (in the U.S.

commonly referred to as the “Euro III” cycle).

The NTE limits have been introduced as an additional

instrument to make sure that heavy-duty engine emis-

sions are controlled over the full range of speed and

load combinations commonly experienced in use. The

NTE approach establishes an area (the “NTE zone”)

under the torque curve of an engine where emissions

must not exceed a specified value for any of the regu-

lated pollutants.

The NTE test procedure does not involve a specific

driving cycle of any specific length (mileage or time).

Rather, it involves driving of any type that could occur

within the bounds of the NTE control area, including

operation under steady-state or transient conditions and

under varying ambient conditions. Emissions are aver-

aged over a minimum time of thirty seconds and then

compared to the applicable NTE emission limits.

Model Year 1987-2003
Model year 1988-2003 U.S. federal (EPA) and 1987-

2003 California (ARB) emission standards for heavy-

duty diesel truck and bus engines are summarized in

the following tables. Applicable to the 1994 and follow-

ing year standards, sulfur content in the certification

fuel has been reduced to 500 ppm wt.

Table 1
EPA Emission Standards for 

Heavy-Duty Diesel Engines, g/bhp·hr

Table 2
California Emission Standards for Heavy-Duty Diesel

Engines, g/bhp·hr

Useful Life and Warranty Periods
Compliance with emission standards has to be

demonstrated over the useful life of the engine, which
was adopted as follows (federal and California):
• LHDDE—8 years/110,000 miles (whichever occurs

first) 
• MHDDE—8 years/185,000 miles 
• HHDDE—8 years/290,000 miles 

Federal useful life requirements were later increased
to 10 years, with no change to the above mileage num-
bers, for the urban bus PM standard (1994+) and for the
NOx standard (1998+). 

The emission warranty period is 5 years/100,000
miles (5 years/100,000 miles/3,000 hours in California),
but no less than the basic mechanical warranty for the
engine family.

Clean Fuel Fleet Program
Table 3 shows a voluntary Clean Fuel Fleet (CFF)

emission standard. It is a federal standard that applies to
1998-2003 model year engines, both CI and SI, over
8,500 lb. GVWR. In addition to the CFF standard, vehi-
cles must meet applicable conventional standards for
other pollutants.

2006_EmissionsStandrds.qxp  4/26/06  3:47 PM  Page 6



Produced in cooperation with: www.DieselNet.com

Table 3
Clean Fuel Fleet Program for Heavy-Duty SI and CI

Engines, g/bhp·hr

Model Year 2004 And Later
In October 1997, EPA adopted new emission stan-

dards for model year 2004 and later heavy-duty diesel
truck and bus engines. These standards reflect the provi-
sions of the Statement of Principles (SOP) signed in
1995 by the EPA, California ARB and the manufacturers
of heavy-duty diesel engines. The goal was to reduce
NOx emissions from highway heavy-duty engines to lev-
els approximately 2.0 g/bhp·hr beginning in 2004.
Manufacturers have the flexibility to certify their engines
to one of the two options shown in Table 4.

Table 4
EPA Emission Standards for MY 2004 and 

Later HD Diesel Engines, g/bhp·hr

All emission standards other than NMHC and NOx
applying to 1998 and later model year heavy-duty
engines (Table 1) will continue at their 1998 levels.

EPA established a revised useful engine lives, with
significantly extended requirements for the heavy
heavy-duty diesel engine service class, as follows:
• LHDDE—110,000 miles/10 years 
• MHDDE—185,000 miles/10 years 
• HHDDE—435,000 miles/10 years/22,000 hours 

The emission warranty remains at 5 years/100,000 miles.
The federal 2004 standards for highway trucks are

harmonized with California standards, with the intent
that manufacturers can use a single engine or machine
design for both markets. However, California certifica-
tions for model years 2005-2007 additionally require
the Supplemental Emission Test and NTE limits of 1.25
times the FTP standards. California also adopted more
stringent standards for MY 2004-2006 engines for pub-
lic urban bus fleets.
Consent Decrees

In October 1998, a court settlement was reached
between the EPA, Department of Justice, California ARB

and engine manufacturers (Caterpillar, Cummins,
Detroit Diesel, Volvo, Mack Trucks/Renault and
Navistar) over the issue of high NOx emissions from
heavy-duty diesel engines during certain driving modes.
Since the early 1990s, the manufacturers used engine
control software that caused engines to switch to a
more fuel-efficient (but higher NOx) driving mode dur-
ing steady highway cruising. The EPA considered this
engine control strategy an illegal “emission defeat
device.”

Provisions of the Consent Decree included the 
following:
• Civil penalties for engine manufacturers and require-

ments to allocate funds for pollution research, 
• Upgrading existing engines to lower NOx emissions, 
• Supplemental Emission Test (steady-state) with a limit

equal to the FTP standard and NTE limits of 1.25_
FTP (with the exception of Navistar), 

• Meeting the 2004 emission standards by October
2002, 15 months ahead of time. 

Model Year 2007 And Later
On Dec. 21, 2000, the EPA signed emission standards

for model year 2007 and later heavy-duty highway
engines (the California ARB adopted virtually identical
2007 heavy-duty engine standards in October 2001).
The rule includes two components: (1) emission stan-
dards and (2) diesel fuel regulation.

The first component of the regulation introduces new,
very stringent emission standards, as follows:
• PM—0.01 g/bhp-hr 
• NOx—0.20 g/bhp-hr 
• NMHC—0.14 g/bhp-hr 

The PM emission standard will take full effect in the
2007 heavy-duty engine model year. The NOx and
NMHC standards will be phased in for diesel engines
between 2007 and 2010. The phase-in would be on a
percent-of-sales basis: 50% from 2007 to 2009 and
100% in 2010 (gasoline engines are subject to these
standards based on a phase-in requiring 50% compli-
ance in 2008 and 100% compliance in 2009).

Emission certification requirements also include the
SET test, with limits equal to the FTP standards, and
NTE limits of 1.5_FTP standards.

Effective 2007 model year, the regulation also elimi-
nates the earlier crankcase emission control exception
for turbocharged heavy-duty diesel engines. Crankcase
emissions from these engines are treated the same as
(i.e., added to) other exhaust emissions. Manufacturers
are expected to control crankcase emissions by routing
them back to the engine intake or to the exhaust stream
upstream of the exhaust emission control devices.

The diesel fuel regulation limits the sulfur content in
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on-highway diesel fuel to 15 ppm (wt.), down from the
previous 500 ppm. Refiners will be required to start
producing the 15 ppm S fuel beginning June 1, 2006.
At the terminal level, highway diesel fuel sold as low
sulfur fuel must meet the 15 ppm sulfur standard as of
July 15, 2006. For retail stations and wholesale pur-
chasers, highway diesel fuel sold as low sulfur fuel must
meet the 15 ppm sulfur standard by Sept. 1, 2006.

Refiners can also take advantage of a temporary com-
pliance option that will allow them to continue producing
500 ppm fuel in 20% of the volume of diesel fuel they
produce until Dec. 31, 2009. In addition, refiners can
participate in an averaging, banking and trading program
with other refiners in their geographic area.

Ultra low sulfur diesel fuel has been introduced as a
“technology enabler” to pave the way for advanced,
sulfur-intolerant exhaust emission control technologies,
such as catalytic diesel particulate filters and NOx cata-
lysts, which will be necessary to meet the 2007 emis-
sion standards.

The EPA estimates the cost of reducing the sulfur con-
tent of diesel fuel will result in a fuel price increase of
approximately 4.5 to 5 cents per gallon. The EPA also
estimates that the new emission standards will cause an
increase in vehicle costs between $1,200 to $1,900 (for
comparison, new heavy-duty trucks typically cost up to
$150,000 and buses up to $250,000).

Emissions Standards: U.S.A.
Nonroad Diesel Engines

Background
Tier 1-3 Standards. The first federal standards (Tier 1)

for new nonroad (or off-road) diesel engines were
adopted in 1994 for engines over 37 kW (50 hp), to be
phased in from 1996 to 2000. In 1996, a Statement of
Principles (SOP) pertaining to nonroad diesel engines
was signed between EPA, California ARB and engine
makers (including Caterpillar, Cummins, Deere, Detroit
Diesel, Deutz, Isuzu, Komatsu, Kubota, Mitsubishi,
Navistar, New Holland, Wis-Con and Yanmar). On 
Aug. 27, 1998, the EPA signed the final rule reflecting
the provisions of the SOP. The 1998 regulation intro-
duced Tier 1 standards for equipment under 37 kW (50
hp) and increasingly more stringent Tier 2 and Tier 3
standards for all equipment with phase-in schedules
from 2000 to 2008. The Tier 1-3 standards are met
through advanced engine design, with no or only limit-
ed use of exhaust gas aftertreatment (oxidation cata-
lysts). Tier 3 standards for NOx+HC are similar in strin-
gency to the 2004 standards for highway engines, how-
ever, Tier 3 standards for PM were never adopted.

Tier 4 Standards. On May 11, 2004, the EPA signed
the final rule introducing Tier 4 emission standards,
which are to be phased in over the period of 2008-
2015 [69 FR 38957-39273, 29 Jun 2004]. The Tier 4
standards require that emissions of PM and NOx be fur-
ther reduced by about 90%. Such emission reductions
can be achieved through the use of control technolo-
gies—including advanced exhaust gas aftertreatment—
similar to those required by the 2007-2010 standards
for highway engines.

Nonroad Diesel Fuel. At the Tier 1-3 stage, the sulfur
content in nonroad diesel fuels was not limited by envi-

ronmental regulations. The oil industry specification
was 0.5% (wt., max), with the average in-use sulfur
level of about 0.3% = 3,000 ppm. To enable sulfur-
sensitive control technologies in Tier 4 engines—such
as catalytic particulate filters and NOx adsorbers—the
EPA mandated reductions in sulfur content in nonroad
diesel fuels, as follows:
• 500 ppm effective June 2007 for nonroad, locomotive

and marine (NRLM) diesel fuels, 
• 15 ppm (ultra-low sulfur diesel) effective June 2010

for nonroad fuel and June 2012 for locomotive and
marine fuels. 

California. In most cases, federal nonroad regulations
also apply in California, whose authority to set emission
standards for new nonroad engines is limited. The fed-
eral Clean Air Act Amendments of 1990 (CAA) preempt
California’s authority to control emissions from new
farm and construction equipment under 175 hp [CAA
Section 209(e)(1)(A)] and require California to receive
authorization from the federal EPA for controls over
other off-road sources [CAA Section 209 (e)(2)(A)].

The U.S. nonroad emission standards are harmonized
to a certain degree with European nonroad emission
standards.

EPA emission standards for nonroad diesel engines
are published in the U.S. Code of Federal Regulations,
Title 40, Part 89 [40 CFR Part 89].
Applicability

The nonroad standards cover mobile nonroad diesel
engines of all sizes used in a wide range of construc-
tion, agricultural and industrial equipment. The EPA def-
inition of the nonroad engine is based on the principle
of mobility/portability and includes engines installed on
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(1) self-propelled equipment, (2) on equipment that is
propelled while performing its function or (3) on equip-
ment that is portable or transportable, as indicated by
the presence of wheels, skids, carrying handles, dolly,
trailer or platform [40 CFR 1068.30]. In other words,
nonroad engines are all internal combustion engines
except motor vehicle (highway) engines, stationary
engines (or engines that remain at one location for
more than 12 months), engines used solely for competi-
tion or engines used in aircraft.

Effective May 14, 2003, the definition of nonroad
engines was changed to also include all diesel powered
engines—including stationary ones—used in agricultural
operations in California. This change applies only to
engines sold in the state of California; stationary engines
sold in other states are not classified as nonroad engines.

The nonroad diesel emission regulations are not
applicable to all nonroad diesel engines. Exempted are
the following nonroad engine categories:
• Engines used in railway locomotives; those are sub-

ject to separate EPA regulations. 
• Engines used in marine vessels, also covered by sepa-

rate EPA regulations. Marine engines below 37 kW
(50 hp) are subject to Tier 1-2—but not Tier 4—non-
road standards. Certain marine engines that are
exempted from marine standards may be subject to
nonroad regulations. 

• Engines used in underground mining equipment. Diesel
emissions and air quality in mines are regulated by the
Mine Safety and Health Administration (MSHA). 

• Hobby engines (below 50 cm3 per cylinder). 
Examples of regulated applications include farm trac-

tors, excavators, bulldozers, wheel loaders, backhoe
loaders, road graders, diesel lawn tractors, logging
equipment, portable generators, skid steer loaders or
forklifts.

A new definition of a compression-ignition (diesel)
engine is used in the regulatory language since the
1998 rule, that is consistent with definitions established
for highway engines. The definition focuses on the
engine cycle, rather than the ignition mechanism, with
the presence of a throttle as an indicator to distinguish
between diesel-cycle and otto-cycle operation.
Regulating power by controlling the fuel supply in lieu
of a throttle corresponds with lean combustion and
diesel-cycle operation. This language allows the possi-
bility that a natural gas-fueled engine equipped with a
sparkplug is considered a compression-ignition engine.

Emissions Standards
Tier 1-3 Standards

The 1998 nonroad engine regulations are structured as a

3-tiered progression. Each tier involves a phase-in (by
horsepower rating) over several years. Tier 1 standards
were phased in from 1996 to 2000. The more stringent Tier
2 standards take effect from 2001 to 2006 and yet more
stringent Tier 3 standards phase in from 2006 to 2008 (Tier
3 standards apply only for engines from 37-560 kW).

Tier 1-3 emissions standards are listed in Table 1.
Nonroad regulations are in the metric system of units, with
all standards expressed in grams of pollutant per kWh.

Table 1
EPA Tier 1-3 Nonroad Diesel Engine Emission

Standards, g/kWh (g/bhp·hr)

Manufacturers who signed the 1998 Consent Decrees
with the EPA may be required to meet the Tier 3 standards
one year ahead of schedule (i.e., beginning in 2005).

Voluntary, more stringent emission standards that
manufacturers could use to earn a designation of “Blue
Sky Series” engines (applicable to Tier 1-3 certifications)
are listed in Table 2.

Table 2
EPA Voluntary Emission Standards for Nonroad

Diesel Engines, g/kWh (g/bhp·hr)

Engines of all sizes must also meet smoke standards
of 20/15/50% opacity at acceleration/lug/peak modes,
respectively.

The regulations include several other provisions, such
as averaging, banking and trading of emission credits
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and maximum “family emission limits” (FEL) for emis-
sion averaging.
Tier 4 Standards

The Tier 4 emission standards—to be phased in from
2008-2015—are listed in Table 3 for engines below 560
kW and in Table 4 for engines above 560 kW. These
standards introduce substantial reductions of NOx (for
engines above 56 kW) and PM (above 19 kW), as well
as more stringent HC limits. CO emission limits remain
unchanged from the Tier 2-3 stage.

Table 3
Tier 4 Emission Standards—Engines 

Up To 560 kW, g/kWh (g/bhp-hr)

In engines of 56-560 kW rated power, the NOx and
HC standards are phased in over a few years’ period, as
indicated in the notes to Table 3. As an alternative to
introducing of the required percentage of Tier 4 compli-
ant engines, manufacturers may certify all their engines
to an alternative NOx limit in each model year during
the phase-in period. These alternative NOx standards
are:
• Engines 56-130 kW: 

– Option 1: NOx = 2.3 g/kWh = 1.7 g/bhp-hr (Tier 2
credits used to comply, MY 2012-2013) 
– Option 2: NOx = 3.4 g/kWh = 2.5 g/bhp-hr (no
Tier 2 credits claimed, MY 2012-2014) 

• Engines 130-560 kW: NOx = 2.0 g/kWh = 1.5 g/bhp-
hr (MY 2011-2013). 

Table 4
Tier 4 Emission Standards—Engines 

Above 560 kW, g/kWh (g/bhp-hr)

Existing Tier 2-3 smoke opacity standards and proce-
dures continue to apply in some engines. Exempted
from smoke emission standards are engines certified to

PM emission standards at or below 0.07 g/kWh
(because an engine of such low PM level has inherently
low smoke emission).

The Tier 4 regulation does not require closed
crankcase ventilation in nonroad engines. However, in
engines with open crankcases, crankcase emissions
must be measured and added to exhaust emissions in
assessing compliance.

Similarly to earlier standards, the Tier 4 regulation
includes such provisions as averaging, banking and
trading of emission credits and FEL limits for emission
averaging.
Test Cycles And Fuels

Nonroad engine emissions are measured on a steady-
state test cycle that is nominally the same as the ISO
8178 C1, 8-mode steady-state test cycle. Other ISO
8178 test cycles are allowed for selected applications,
such as constant-speed engines (D2 5-mode cycle),
variable-speed engines rated under 19 kW (G2 cycle),
and marine engines (E3 cycle).

Transient Testing. Tier 4 standards have to be met over
both the steady-state test and the nonroad transient
cycle, NRTC. The transient testing requirements begin
with MY 2013 for engines below 56 kW, in 2012 for
56-130 kW, and in 2011 for 130-560 kW engines.
Engines above 560 kW are not tested on the transient
test. Also constant-speed, variable-load engines of any
power category are not subject to transient testing. The
NRTC protocol includes a cold-start test. The cold-start
emissions are weighted at 5% and hot-start emissions
are weighted at 95% in calculating the final result.

Tier 4 nonroad engines will also have to meet not-to-
exceed standards (NTE), which are measured without
reference to any specific test schedule. The NTE stan-
dards become effective in 2011 for engines above 130
kW; in 2012 for 56-130 kW; and in 2013 for engines
below 56 kW. In most engines, the NTE limits are set at
1.25 times the regular standard for each pollutant (in
engines certified to NOx standards below 2.5 g/kWh or
PM standards below 0.07 g/kWh, the NTE multiplier is
1.5). The NTE standards apply to engines at the time of
certification, as well as in use throughout the useful life
of the engine. The purpose of the added testing require-
ments is to prevent the possibility of “defeating” the test
cycle by electronic engine controls and producing off-
cycle emissions.

Certification Fuels. Fuels with sulfur levels no greater
than 0.2 wt% (2,000 ppm) are used for certification
testing of Tier 1-3 engines. From 2011, all Tier 4 engines
will be tested using fuels of 7-15 ppm sulfur content. A
transition from the 2000 ppm S specification to the 7-
15 ppm specification will occur in the 2006-2010 peri-
od (see Certification Diesel Fuel).
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A change from measuring total hydrocarbons to non-
methane hydrocarbons (NMHC) has been introduced in
the 1998 rule. Since there is no standardized EPA
method for measuring methane in diesel engine
exhaust, manufacturers can either use their own proce-
dures to analyze nonmethane hydrocarbons or measure
total hydrocarbons and subtract 2% from the measured
hydrocarbon mass to correct for methane.

Engine Useful Life
Emission standards listed in the above tables must be

met over the entire useful life of the engine. EPA requires
the application of deterioration factors (DFs) to all engines
covered by the rule. The DF is a factor applied to the cer-
tification emission test data to represent emissions at the
end of the useful life of the engine. 

The engine useful life and in-use testing liability period,
as defined by the EPA for emission testing purposes, are
listed in Table 5 for different engine categories. The Tier 4
rule maintains the same engine useful life periods.
Environmental Benefit And Cost
1998 Regulation

At the time of signing the 1998 rule, the EPA estimated
that by 2010 NOx emissions would be reduced by a mil-
lion tons per year, the equivalent of taking 35 million pas-
senger cars off the road.

The costs of meeting the emission standards were
expected to add under 1% to the purchase price of typi-
cal new nonroad diesel equipment, although for some
equipment the standards may cause price increases on

the order of 2-3%. The program was expected to cost
about $600 per ton of NOx reduced.

Table 5
Useful Life and Recall Testing Periods

Tier 4 Regulation
When the full inventory of older nonroad engines are

replaced by Tier 4 engines, annual emission reductions
are estimated at 738,000 tons of NOx and 129,000 tons
of PM. By 2030, 12,000 premature deaths would be pre-
vented annually due to the implementation of the pro-
posed standards.

The estimated costs for added emission controls for the
vast majority of equipment was estimated at 1-3% as a
fraction of total equipment price. For example, for a 175
hp bulldozer that costs approximately $230,000, it would
cost up to $6,900 to add the advanced emission controls
and to design the bulldozer to accommodate the modi-
fied engine.

EPA estimated that the average cost increase for 15 ppm
S fuel will be 7 cents per gallon. This figure would be
reduced to 4 cents by anticipated savings in maintenance
costs due to low sulfur diesel.

Emissions Standards: U.S.A.
Locomotives

Background
The first emission regulation for railroad locomotives

was adopted by the EPA on Dec. 17, 1997 [63 FR
18997-19084, Apr. 16, 1998]. The 1997 rule intro-
duced Tier 0-2 emission standards for NOx, HC, CO,
PM and smoke for newly manufactured and remanufac-
tured railroad locomotives and locomotive engines. The
rulemaking, which became effective from 2000, applies
to locomotives originally manufactured from 1973, any
time they are manufactured or remanufactured. Tier 0-2
standards are met though engine design methods, with-
out the use of exhaust gas aftertreatment.

Planned future emission standards for locomotives
were outlined in the Advance Notice of Proposed
Rulemaking (ANPRM) signed by the EPA on May 11,
2004 [69 FR 39275-39289, June 29, 2004]. The emis-
sion standards would be modeled after the 2007/2010
highway engine program and the Tier 4 nonroad rule,

with an emphasis on achieving large reductions in PM
emissions through the use of advanced emission control
technology.

For locomotive engines built as early as 2011, the
EPA considers establishing Tier 3 standards based on
aftertreatment technologies for both PM (particulate fil-
ters) and NOx (urea-SCR, NOx adsorbers) emissions.
Emissions for both pollutants would be reduced by
about 90% relative to the engine-out levels. The loco-
motive Tier 3 NOx requirements would be phased in
within three years (i.e., by 2013). To enable catalytic
aftertreatment methods, the EPA regulated (as part of
the nonroad Tier 4 rule) the availability of low sulfur
diesel fuel for locomotive engines. Sulfur limit of 500
ppm becomes effective in June 2007, sulfur limit of 15
ppm in June 2012.

Emission regulations for locomotives and locomotive
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engines can be found in the U.S. Code of Federal
Regulations, 40 CFR Parts 85, 89 and 92.
Tier 0-2 Standards

Three separate sets of emission standards have been
adopted, termed Tier 0, Tier 1 and Tier 2. The applica-
bility of the standards depends on the date a locomo-
tive is first manufactured, as follows:
• Tier 0—The first set of standards applies to locomo-

tives and locomotive engines originally manufac-
tured from 1973 through 2001, any time they are
manufactured or remanufactured. 

• Tier 1—These standards apply to locomotives and
locomotive engines originally manufactured from
2002 through 2004. These locomotives and locomo-
tive engines are required to meet the Tier 1 stan-
dards at the time of the manufacture and each sub-
sequent remanufacture. 

• Tier 2—This final set of standards applies to locomo-
tives and locomotive engines originally manufac-
tured in 2005 and later. Tier 2 locomotives and
locomotive engines are required to meet the appli-
cable standards at the time of original manufacture
and each subsequent remanufacture. 

Exempted from the emission standards are electric
locomotives, historic steam-powered locomotives, and
locomotives originally manufactured before 1973.

Locomotive emissions are measured over two steady-
state test cycles which represent two different types of
service including the line-haul and switch locomotives.
The duty cycles include different weighting factors for
each of the eight throttle notch modes, which are used
to operate locomotive engines at different power levels,
as well as for idle and dynamic brake modes. The
switch operation involves much time in idle and low
power notches, whereas the line-haul operation is char-

acterized by a much higher percentage of time in the
high power notches, especially notch 8. A dual cycle
approach has been adopted in the regulation, i.e., all
locomotives are required to comply with both the line-
haul and switch duty cycle standards, regardless of
intended usage.

The Tier 0-2 emission standards, as well as typical
emission rates from nonregulated locomotives, are list-
ed in Table 1. The smoke opacity standards are listed in
Table 2.

Table 1
Emission Standards for Locomotives, g/bhp·hr

Table 2
Smoke Standards for Locomotives, 

% opacity - normalized

The regulation contains several other provi-
sions, including production line testing (PLT) program,
in-use compliance emission testing, as well as averag-
ing, banking and trading (ABT) of emissions.

Emissions Standards: U.S.A.
Marine Diesel Engines

Background
Engine Categories. For the purpose of emission regu-

lations, marine engines are divided into three categories
based on displacement (swept volume) per cylinder, as
shown in Table 1. Each of the categories represents a
different engine technology. Categories 1 and 2 are fur-
ther divided into subcategories, depending on displace-
ment and net power output.

Table 1. Marine Engine Categories

Category 3 marine diesel engines typically range in
size from 2,500 to 70,000 kW (3,000 to 100,000 hp).
These are very large marine diesel engines used for
propulsion power on oceangoing vessels such as con-
tainer ships, oil tankers, bulk carriers and cruise ships.
Emission control technologies which can be used on
these engines are limited. An important limitation is the
fuel on which they are operated, called residual fuel.
This fuel is the by-product of distilling crude oil to pro-
duce lighter petroleum products. It possesses high vis-
cosity and density, which affects ignition quality, and it
typically has high ash, sulfur and nitrogen content in
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comparison to marine distillate fuels. Furthermore,
residual fuel parameters are highly variable because its
content is not regulated. The EPA estimated that residual
fuel can increase engine NOx emissions from 20 to
50% and PM from 750 to 1250% (sulfate particulates)
when compared to distillate fuel.

Category 1 and Category 2 marine diesel engines typ-
ically range in size from about 500 to 8,000 kW (700 to
11,000 hp). These engines are used to provide propul-
sion power on many kinds of vessels including tug-
boats, pushboats, supply vessels, fishing vessels and
other commercial vessels in and around ports. They are
also used as stand-alone generators for auxiliary electri-
cal power on many types of vessels.

Regulatory Acts. Emissions from marine diesel
engines (compression ignition engines) have been regu-
lated through a number of rules—the first one issued in
1999—applicable to different engine categories. Certain
overlap also exists with the regulations for mobile,
land-based nonroad engines, which may be applicable
to some types of engines used on marine vessels. The
following are the major regulatory acts which establish
emission standards for marine engines:
• 1999 Marine Engine Rule—On November 23, 1999,

the EPA signed the final rule “Control of Emissions
of Air Pollution from New CI Marine Engines at or
above 37 kW” [40 CFR Parts 89, 92][64 FR 64
73300-73373, Dec. 29, 1999]. The adopted Tier 2
standards for Category 1 and 2 engines are based on
the land-based standard for nonroad engines, while
the largest Category 3 engines are expected—but
not required by the rule—to comply with IMO
MARPOL Annex VI limits. 

• 2002 Recreational Engine Rule—Diesel engines used
in recreational vessels are covered in the “Emission
Standards for New Nonroad Engines—Large
Industrial Spark-ignition Engines, Recreational
Marine Diesel Engines and Recreational Vehicles”
regulation, signed on Sept. 13, 2002 [40 CFR Part
89 et al.][67 FR 68241-68447, Nov. 8, 2002]. 

• 2003 Category 3 Engine Rule—The decision to leave
the largest Category 3 engines unregulated triggered
a lawsuit against the EPA by environmental organi-
zations. A court settlement was reached that
required the EPA to develop NOx emission limits for
Category 3 engines. The final rule “Control of
Emissions From New Marine Compression-Ignition
Engines at or Above 30 Liters Per Cylinder” [40 CFR
Part 9 and 94][68 FR 9745-9789, Feb. 28, 2003]—
signed by the EPA in January 2003—establishes Tier
1 emission standards for marine engines virtually
equivalent to the IMO MARPOL Annex VI limits. The
EPA also committed to impose more stringent Tier 2

standards for Category 3 engines in a rulemaking to
be completed by April 2007. 

Future. Plans for future emission standards for
Category 1 and Category 2 marine engines were out-
lined in the Advance Notice of Proposed Rulemaking
(ANPRM) signed by the EPA on May 11, 2004 [69 FR
39275-39289, June 29, 2004]. These emission stan-
dards would be modeled after the 2007/2010 highway
engine program and the Tier 4 nonroad rule, with an
emphasis on the use of emission aftertreatment technol-
ogy. PM controls could be introduced starting in 2011,
with NOx standards phased-in over three years.

To enable catalytic aftertreatment methods, the EPA
established a sulfur cap in marine fuels (as part of the
nonroad Tier 4 rule). Sulfur limit of 500 ppm becomes
effective in June 2007, sulfur limit of 15 ppm in June
2012. However, the Tier 4 fuel regulations do not apply
to high sulfur residual fuels, such as those often used in
Category 2 engines. This may present a difficulty in
applying such technologies as catalytic particulate fil-
ters on marine engines.
Applicability

1999 Marine Engine Rule. The scope of application of
the marine engine rule covers all new marine diesel
engines at or above 37 kW (50 hp) (engines below 37
kW will be covered by future marine emission stan-
dards; those engines must comply with the nonroad Tier
1 and 2 standards but are not covered by the Tier 4 reg-
ulation). Regulated engines include both propulsion
and auxiliary marine diesel engines. A propulsion
engine is one that moves a vessel through the water or
assists in guiding the direction of the vessel (for exam-
ple, bow thrusters). Auxiliary engines are all other
marine engines.

Classification of drilling rigs depends on their propul-
sion capability. Drilling ships are considered marine
vessels, so their engines are subject to the marine rule.
Semi-submersible drilling rigs which are moored to the
ocean bottom, but have some propulsion capability, are
also considered marine vessels. In contrast, permanent-
ly anchored drilling platforms are not considered
marine vessels, so none of the engines associated with
one of these facilities is a marine engine.

Consistent with the land-based nonroad regulation, a
portable auxiliary engine that is used onboard a marine
vessel is not considered to be a marine engine. Instead,
a portable auxiliary engine is considered to be a land-
based auxiliary engine and is subject to the land-based
nonroad requirements. To distinguish a marine auxiliary
engine installed on a marine vessel from a land-based
portable auxiliary engine used on a marine vessel, EPA
specified in that rulemaking that an auxiliary engine is
installed on a marine vessel if its fuel, cooling or
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exhaust system are an integral part of the vessel or
require special mounting hardware. All other auxiliary
engines are considered to be portable and therefore
land-based.

The following engine categories are exempted from
the 1999 marine regulation:

• Engines used in recreational vessels (standards for
recreational diesel engines were established by the
2002 rule), 

• Emission certified new land-based engines modified
for marine applications (provided certain conditions are
met), 

• Competition (racing) engines, 
• Engines used in military vessels (National Security

Exemption), 
• Other exemptions (testing, display, export, ...) may

also apply to marine engines. 
Not all of the above exemptions are automatic.

Engine or vessel manufacturers, or vessel owners, may
need to apply for a specific exemption to the EPA.

The 1999 rule also included so called Foreign-Trade
Exemption which was available (for engines Category 1
and 2 used on ocean vessels with Category 3 propul-
sion) for U.S. vessels that spend less than 25% of total
operating time within 320 kilometers of U.S. territory.
The Foreign-Trade Exemption was eliminated for all
engine categories by the 2003 (Category 3) regulation.

Under the 1999 rule, the same emission standards
apply to engines fueled by diesel fuel and by other
fuels.

2002 Recreational Vessel Rule. This rule applies to
new recreational marine diesel engines over 37 kW (50
hp) that are used in yachts, cruisers and other types of
pleasure craft. The 2002 rule does not apply to out-
board and personal watercraft spark-ignited engines,
which are regulated separately.

The same emission standards apply to recreational
engines fueled by diesel fuel and by alternative fuels.

2003 Category 3 Rule. These standards apply to new
marine engines and to new vessels that include marine
engines. The rule applies only to vessels flagged or reg-
istered in the U.S.A.
Emission Standards
Engines Category 3

In the 2003 rule, EPA has adopted Tier 1 NOx emis-
sion standards for Category 3 engines, which are equiv-
alent to the internationally negotiated IMO MARPOL
Annex VI limits. These limits range from 9.8 to 17
g/kWh depending on the engine speed, with higher lim-
its for slower engines. The exact formulas were given in
the article covering IMO emission regulations.

The EPA Tier 1 limits are in effect for new engines
built in 2004 and later. These limits are to be achieved

by engine-based controls, without the need for exhaust
gas aftertreatment. Emissions other than NOx are not
regulated.
Engines Category 1 And 2

Emission standards for engines category 1 and 2 are
based on the land-based standard for nonroad and
locomotive engines. The emission standards, referred to
as Tier 2 Standards by the EPA, and their implementa-
tion dates are listed in the following table. The Tier 1
NOx standard, equivalent to MARPOL Annex VI, was
voluntary under the 1999 rule but was made mandatory
by the 2003 (Category 3) rule for Category 2 and
Category 1 engines of above 2.5 L displacement per
cylinder, effective 2004.

The regulated emissions include NOx+THC, PM and
CO. There are no smoke requirements for marine diesel
engines. The regulators believed that the new PM stan-
dards will have a sufficient effect on limiting smoke
emissions.

Table 2. Tier 2* Marine Emission Standards

In the earlier proposal, the EPA also listed a more
stringent Tier 3 standard to be introduced between
2008 and 2010. The Tier 3 standard was not adopted in
the final 1999 rule.

Blue Sky Series Program. The 1999 regulation sets a
voluntary “Blue Sky Series” program which permits
manufacturers to certify their engines to more stringent
emission standards. The qualifying emission limits are
listed in Table 3. The Blue Sky program begins upon the
publication of the rule and extends through the year
2010.

Table 3. “Blue Sky Series”
Voluntary Emission Standards
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Recreational Vessels (2002 Rule)

Recreational vessels standards are phased in begin-

ning in 2006, depending on the size of the engine as

listed in Table 4. These standards are similar to the Tier

2 standards for Category 1 commercial vessels.

Table 4. Recreational Marine 

Diesel Engines Standards

Recreational engines are also subject to NTE limits.

There are no smoke requirements for recreational

marine diesel engines. Similarly to commercial vessels,

a voluntary “Blue Sky Series” limits exist for recreation-

al vessels, which are based on a 45% emission reduc-

tion beyond the mandatory standards.

Test Cycles
Category 1/2 Engines. Emissions from Category 1

engines are tested on various ISO 8178 cycles (E2, E3,

E5 cycles for various types of propulsion engines, D2

cycle for auxiliary engines). Engines belonging to

Category 2 are tested on locomotive test cycles.

In addition to the ISO test cycle measurement, which

are averages from several test modes, the regulation sets

“not-to-exceed” (NTE) emission limits, which provide

assurance that emissions at any engine operating condi-

tions within an NTE zone are reasonably close to the

average level of control. NTE zones are defined as areas

on the engine speed-power map. The emission caps

within the NTE zones represent a multiplier (between

1.2 and 1.5) times the weighted test result used for cer-

tification for all of the regulated pollutants (NOx+THC,

CO and PM).

The test fuel for marine diesel engine testing has a

sulfur specification range of 0.03 to 0.80 %wt, which

covers the range of sulfur levels observed for most in-

use fuels.

Category 3 Engines. Category 3 engines are tested

using methods similar to those stipulated by IMO MAR-

POL Annex VI (E2 and E3 cycles of the ISO 8178 test).

The major differences between the EPA and MARPOL

compliance requirements are: (1) EPA liability for in-use

compliance rests with the engine manufacturer (it is the

vessel operator in MARPOL), (2) EPA requires a durabil-

ity demonstration (under MARPOL, compliance require-

ments are: (1) EPA liability for in-use compliance rests

with the engine manufacturer (it is the vessel operator

in MARPOL), (2) EPA requires a durability demonstra-

tion (under MARPOL, compliance must be demonstrat-

ed only when the engine is installed in the vessel), (3)

there are differences in certain test conditions and

parameters in EPA and MARPOL testing (air and water

temperatures, engine setting, etc.).

Category 3 engines have no NTE emission limits or

test requirements.

Category 3 engines can be tested using distillate fuels,

even though vessels with Category 3 marine engines

use primarily residual fuels (this allowance is consistent

with MARPOL Annex VI).

Other Provisions
Useful life and warranty periods for marine engines

are listed in Table 5. The periods are specified in operat-

ing hours and in years, whichever occurs first. The rela-

tively short useful life period for Category 3 engines is

based on the time that engines operate before being

rebuilt for the first time.

Table 5

Useful Life and Emission Warranty Periods

The periods in the table are the minimum periods

specified by the regulations. In certain cases, longer

useful life/warranty periods may be required (e.g., in

most cases the emission warranty must not be shorter

than the warranty for the engine or its components).

The regulations contain several other provisions, such

as emission Averaging, Banking and Trading (ABT) pro-

gram, deterioration factor requirements, production line

testing, in-use testing and requirements for rebuilding of

emission certified engines.
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