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LETTER OF TRANSMITTAL

THE WHITE HOUSE, May 15, 2003.
To the Senate of the United States:

I transmit herewith, for the advice and consent of the Senate to
its ratification, the Protocol of 1997 to Amend the International
Convention for the Prevention of Pollution from Ships, 1973, as
Modified by the Protocol of 1978 thereto (hereinafter the “Protocol
of 1997”). The Protocol of 1997, which would add Annex VI, Regula-
tions for the Prevention of Air Pollution from Ships, to the Inter-
national Convention for the Prevention of Pollution from Ships,
1973, as Modified by the Protocol of 1978 (hereinafter the
“MARPOL Convention”), was signed by the United States on De-
cember 22, 1998. I also enclose, for the information of the Senate,
the report of the Department of State and its attached analysis of
the Protocol of 1997, as well as Resolution 2 of the 1997 MARPOL
Conference with its annexed Technical Code on Control of Emission
of Nitrogen Oxides from Marine Diesel Engines.

The MARPOL Convention is the global agreement to control pol-
lution from ships. MARPOL Annex VI regulates the emission into
the atmosphere of specified pollutants from ships. It complements
the other annexes to the MARPOL Convention, which relate to the
transport of oil (Annex I), harmful substances carried in bulk
(Annex IT) harmful substances in packaged form (Annex III), ship-
generated sewage (Annex IV) and garbage (Annex V). The United
States is a party to all of these annexes with the exception of
Annex IV.

MARPOL Annex VI regulates the prevention of air pollution
from ships by limiting the discharge of nitrogen oxides from larger
marine diesel engines, governing the sulfur content of marine die-
sel fuel, prohibiting the emission of ozone-depleting substances,
regulating the emission of volatile organic compounds during the
transfer of cargoes between tankers and terminals, setting stand-
ards for shipboard incinerators and fuel oil quality, and estab-
lishing requirements for platforms and drilling rigs at sea.

MARPOL Annex VI is an important step toward controlling and
preventing emissions of harmful air pollutants from ships. U.S.
ratification of the Protocol of 1997 will demonstrate U.S. commit-
ment to an international solution and should hasten the entry into
force of the Protocol of 1997. Ratification will also enhance our abil-
ity to work within the treaty framework to obtain subsequent
amendments that will require further reductions in emissions of ni-
trogen oxides that are now achievable through the use of modern
control technologies which the United States strongly supports.

(III)
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I recommend that the Senate give early and favorable consider-
ation to the Protocol of 1997 and give its advice and consent to rati-
fication, subject to the declarations and understanding set out in
the accompanying report of the Secretary of State.

GEORGE W. BUSH.



LETTER OF SUBMITTAL

THE SECRETARY OF STATE,
Washington, DC.
The PRESIDENT,
The White House.

THE PRESIDENT: I have the honor to submit to you with a view
to its transmittal to the Senate for advice and consent to ratifica-
tion, the Protocol of 1997 to Amend the International Convention
for the Prevention of Pollution from Ships, 1973, as modified by the
Protocol of 1978 thereto (hereinafter the “Protocol of 1997”). The
Protocol of 1997, which would adds Annex VI, Regulations for the
Prevention of Air Pollution from Ships, to the International Con-
vention for the Prevention of Pollution from ships, 1973, as Modi-
fied by the Protocol of 1978 thereto (hereinafter the “MARPOL
Convention”), was signed by the United States on December 22,
1998. I also enclose, for the information of the Senate, Resolution
2 of the 1997 MARPOL Conference with the annexed Technical
Code on Control of Emission of Nitrogen Oxides from Marine Die-
sel Engines, and a detailed analysis of Annex VI prepared by the
Department.

The MARPOL Convention is the global agreement to control acci-
dental and operational discharges of pollution from ships. It cur-
rently includes a framework agreement setting forth general obli-
gations, and five annexes that relate to particular sources of ma-
rine pollution from ships. Two of these annexes are mandatory for
all MARPOL Convention Parties—Annexes I and II, that relate, re-
spectively, to the transport of oil and the transport of harmful sub-
stances carried in bulk. The other three annexes are optional—
Annex III, which relates to the transport of harmful substances in
packaged form, and Annexes IV and V, which regulate ship-gen-
erated sewage and garbage respectively. The Convention and the
Protocols of 1978 and 1997 are to be interpreted as one single in-
strument between Parties to the same Protocol.

On August 12, 1980, the United States ratified the Protocol of
1978 (which incorporates with modifications the 1973 Convention),
along with Annexes I and II. The MARPOL Convention and An-
nexes I and II entered into force for the United States on October
2, 1983. On December 30, 1987, the United States ratified Annex
V, which entered into force on December 31, 1988. On December
3, 1991, the United States ratified Annex III, which entered into
force on July 1, 1992. While Annex IV, concerning ship-generated
sewage, is expected to enter into force internationally on September
27, 2003, the Administration is not requesting Senate advice and
consent to ratification of that Annex.

V)
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Substantive provisions of Annex VI

Annex VI seeks to reduce air pollution from ships at sea and in
port. It does so by limiting the emission of nitrogen oxides (NOx)
from marine diesel engines above 130 kW (175 hp); governing the
sulfur content of marine diesel fuel; prohibiting the deliberate
emission of ozone-depleting substances; regulating the emission of
volatile organic compounds during transfer of cargoes between
tankers and terminals; and setting international standards for
shipboard incinerators and fuel oil quality. Annex VI also estab-
lishes similar requirements for platforms and drilling rigs at sea,
with some exceptions. The NOx Technical Code attached to Resolu-
tion 2 of the 1997 MARPOL Conference contains testing and certifi-
cation procedures for the engine NOx limits. The substantive provi-
sions of Annex VI are discussed in this and subsequent sections of
this report and the attached analysis of the regulations.

Regulation 13 of Annex VI would limit NOx emissions from large
marine diesel engines to levels that the negotiating States in 1997
agreed as being achievable by the year 2000. These limits, which
require the use of readily available emission control technology,
apply to any such engine installed on a ship constructed on or after
January 1, 2000, and to any such engine that undergoes a major
conversion after that date. The limits do not otherwise apply to en-
gines on ships.

Regulation 14 of the Annex controls emissions of sulfur oxides
(SOx) by imposing a global cap of 4.5% m/m (4.5% sulfur mass to
total mass or 45,000 parts per million) on the sulfur content of fuel
oil used on ships for combustion and calls on the International
Maritime Organization (IMO) to monitor the worldwide average
sulfur content of residual fuel oil once the Protocol of 1997 comes
into force. Annex VI contains provisions for the establishment of
special “SOx Emission Control Areas”. The sulfur content of fuel
used by ships operating in these areas must not exceed 1.5% m/m
(15,000 ppm). Alternatively, a ship can use an exhaust gas cleaning
system or another technological method to limit sulfur oxide (SOx)
emissions. The Annex designates the Baltic Sea as a SOx Emission
Control Area and provides a mechanism by which the IMO may
designate other SECAs. In March 2000, the North Sea was des-
ignated as such an area. The United States may seek the establish-
ment of SOx Emission Control Areas in certain areas pursuant to
the procedures set out in Appendix III to Annex VI. However, pro-
posals for the designation of SOx Emission Control Areas by the
IMO may be made only by States that have consented to be bound
by the Protocol of 1997. The general requirements for the sulfur
content of fuel will go into effect when the Protocol of 1997 enters
into force. Ships entering a SECA are exempt from the SECA’s
more stringent requirements for the first twelve months imme-
diately following the bringing into force of the SECA.

Regulation 12 of Annex VI prohibits deliberate emissions of
ozone-depleting substances that are controlled under the 1987
Montreal Protocol on Substances that Deplete the Ozone Layer (a
treaty to which the United States is party). These substances in-
clude halon compounds and five chlorofluorocarbon compounds
(CFCs). New installations containing ozone-depleting substances,
such as those found in certain fire extinguishers, are prohibited on
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all ships. However, new installations containing hydro-
chlorofluorocarbons (HCFCs) are permitted until January 1, 2020.
Regulation 16 of Annex VI establishes requirements for the in-
cineration of materials on board ship. These include prohibitions on
the incineration on board ship of certain products, such as contami-
nated packaging materials and polychlorinated biphenyls (PCBs).

Application of Annex VI

As with all other MARPOL Convention Regulations in force for
them, States bound by Annex VI will be required to apply Annex
VI Regulations to all ships, including those of non-party States,
using their ports or the offshore terminals under their jurisdiction
as may be necessary to ensure that no more favorable treatment
is given to the ships of non-Parties to the Annex.

As compared to mandatory Annexes I and II on pollution by oil
and noxious liquid substances in bulk, which have been construed
to apply only to seagoing vessels, Annex VI will apply to all ships
operating in the marine environment except where expressly pro-
vided elsewhere in the Regulations contained in Annex VI.

Article 3 of the MARPOL Convention of 1973 exempts warships,
naval auxiliary and other ships owned or operated by a State and
used in governmental non-commercial service, from the application
of the provisions of the annexes. The State Parties participating in
the 1997 MARPOL Conference that produced the Protocol of 1997
therefore agreed that such ships will be exempt from the applica-
tion of the provisions of Annex VI under Article 3(3) of the
MARPOL Convention of 1973. However, each Party will still be re-
quired to take appropriate measures not impairing the operations
or operational capabilities of such ships owned or operated by it,
to ensure that such ships act in a manner consistent, so far as is
reasonable and practicable, with Annex VI. In the case of the U.S.
Navy, most of its fossil fuel-powered ships now use gas turbines,
which are not regulated by Annex VI, for main propulsion. U.S.
Navy ships that do use diesel engines for main propulsion use low
(<1%) sulfur distillate fuel that is much cleaner than the heavy fuel
oils used by many commercial marine diesel engines. In addition,
new classes of U.S. Navy surface ships are no longer constructed
to use CFCs in shipboard air conditioning and refrigeration equip-
ment, nor halons in shipboard fire-fighting equipment.

Domestic regulation of NOx emissions

The Environmental Protection Agency has proposed to regulate
NOx emissions from Category 3 marine diesel engines pursuant to
section 213 of the Clean Air Act, 42 U.S.C. § 7547. This announce-
ment, which is contained in a Notice of Proposed Rule Making in
the May 29, 2002, edition of the Federal Register at pages 37547—
37608, proposed to apply the Annex VI standards to new diesel en-
gines on U.S.-flag vessels starting in 2004 and sought comment on
whether the Clean Air Act authorizes application of these stand-
ards to engines on foreign-flag ships that enter U.S. ports. EPA
also sought comment on the feasibility, costs and benefits of addi-
tional control measures and on whether it should consider a sulfur
content limit for marine diesel fuel in order to reduce particulate
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emissions from those engines. The comment period ended July 16,
2002.

Possibility of more stringent standards

As noted in the 1977 Secretary of State’s Report to the President
on the International Convention for the Prevention of Pollution
from Ships, 1973, recommending its transmittal to the Senate for
advice and consent to ratification, the United States and other
States defeated attempts at the 1973 Conference to “restrict na-
tional powers to apply domestic regulations more stringent than
prevailing international standards to foreign vessels in ports.” Such
authority is also preserved under customary international law as
reflected in the 1982 United Nations Convention on the Law of the
Sea. Thus, the Protocol of 1997, does not, as a matter of inter-
national law, prohibit Parties from imposing more stringent meas-
ures as a condition of entry into their ports or internal waters, un-
less a particular regulation in Annex VI expressly imposes such a
limitation.

In this context, it should be noted that Regulation 15, Volatile
Organic Compounds, obligates Parties to provide notice to the IMO
of the ports and terminals under their jurisdiction to be subject to
vapor emission control requirements and to include in such notifi-
cation the information specified in paragraph 2 of that Regulation,
including a requirement that notification occur six months before
the effective date of the controls. Regulation 15 also requires such
States to take into account the safety guidance developed by the
IMO, that such systems are operated in a safe manner, and to
avoid undue delay to ships. In light of these obligations, Parties
may not specify requirements inconsistent with these obligations
(e.g., imposing vapor emission controls on vessels or cargoes that
take effect before the six month notification period, stipulating un-
safe procedures, or causing undue delay to ships). Regulation 15
does not, however, establish actual emission standards. Recog-
nizing this, Parties are free to prescribe standards applicable to
VOC emissions consistent with the obligations noted above.

It should also be noted that Regulation 15 applies only to VOC
emission recovery associated with cargo transfer operations be-
tween tankers and port facilities.

The Department of State believes it is important to memorialize
clearly the scope of these requirements, and accordingly, I propose
that the following declaration be included in the U.S. instrument
of ratification of the Protocol of 1997:

The Government of the United States of America under-
stands that Regulation 15 applies only to safety aspects
associated with the operation of vapor emission control
systems that may be applied during cargo transfer oper-
ations between a tanker and port-side facilities and to the
requirements specified in Regulation 15 for notification to
the International Maritime Organization of port State Reg-
ulation of such systems.

Apart from the legal issue of whether specific provisions in a
treaty might limit port state authorities, the United States has
basic and enduring national interests related to the oceans and
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U.S. port regions, and has consistently taken the position that the
full range of these interest is best protected through a widely ac-
cepted international framework governing uses of the sea. A work-
able international regime for the prevention of air pollution from
ships is in the best interests of all States because it will subject
international shipping to a uniform standard that is environ-
mentally protective. While retaining the right to impose more strin-
gent requirements on ships entering U.S. ports, the United States
will work to strengthen international standards by promoting de-
velopment of more stringent emission limits that reflect the capa-
bilities of available technology.

The NOx emission control limits contained in Regulation 13 of
Annex VI are those that were agreed in 1997 as being achievable
by January 1, 2000, on new marine diesel engines. Consistent with
the dates contained in the Regulation 13 NOx requirements, EPA
has advised the Department of State that engine manufacturers
worldwide are currently producing and selling marine diesel en-
gines that meet these standards. EPA also advises that engine
manufacturers are now applying a variety of basic emission-control
technologies to meet these limits, including in-cylinder technologies
such as optimized turbocharging, increased compression ratio, and
optimized fuel injection, which generally includes timing retard and
changes to the number and size of injector holes to increase injec-
tion pressure.

Regulation 13(d)(b) of Annex VI itself contemplates that new
technology will become available to reduce onboard NOx emissions
below those limits. EPA has noted that such technology is now
available on the land-based counterparts of these engines, in the
form of innovations such as improved fuel systems and in-cylinder
controls. Other advanced technologies have the potential to achieve
much greater reductions, including engine cooling, water emulsi-
fication and injection after-treatment including selective catalyst
reduction, and fuel cells. EPA further advises that engine manufac-
turers are developing and apply all of these technologies in dem-
onstration projects on marine vessels.

In view of these developments, the Department of State favors
revision of the emission standards set forth in Regulation 13 to
achieve the greatest degree of emission reduction achievable
through the application of the new technology, taking into account
the availability of such technology and its cost. The Department of
State views it as essential that the IMO agree on such reductions
in NOx emissions on an urgent basis and amend these technical
provisions of Annex VI accordingly.

Resolution 1 of the 1997 MARPOL Conference invited the Marine
Environment Protection Committee (MEPC) of the IMO, if the con-
ditions for entry into force of the Protocol of 1997 had not been
meet by December 31, 2002, to initiate at its first meeting there-
after as a matter of urgency a review to identify the impediments
to entry into force of the Protocol and any necessary measures to
alleviate those impediments. At the request of the IMO Assembly,
the MEPC has agreed to initiate that review at its first meeting
in 2003, now tentatively scheduled for July 14-18, 2003. The
United States intends to press the IMO to set more stringent NOx
emission standards on an expedited basis and encourages other
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States to ratify the Protocol so it may enter into force promptly;
amendments to Annex VI could then be adopted and enter into
force through the long-established simplified amendment procedure
specified in Article 16(2) of the MARPOL Convention of 1973. At
the same time, consistent with its rights and obligations under the
Protocol of 1997, the United States government retains the prerog-
ative to consider imposing more stringent standards as a condition
of port entry, especially in the event it is not possible to develop
credible and effective NOx emission standards through the IMO.

The United States is also considering whether the Annex VI sul-
fur oxide limits should be lowered under this Convention, particu-
larly in SOx Emission Control Areas.

With the foregoing considerations in mind, I propose that the fol-
lowing declaration be included in the U.S. instrument of ratifica-
tion of the Protocol of 1997:

The Government of the United States of America notes
that at the time of adoption of the Protocol of 1997, the
NOx emission control limits contained in Regulation 13
were those agreed as being achievable by January 1, 2000,
on new marine diesel engines, and further notes that Reg-
ulation 13(3)(b) contemplated that new technology would
become available to reduce on-board NOx emissions below
those limits. As such improved technology is now avail-
able, the United States expresses its support for an
amendment to Annex VI, that would, on an urgent basis,
revise the agreed NOx emission control limits contained in
Regulation 13 in keeping with new technological develop-
ments.

Similarly, I propose that the following understanding be included
in the U.S. instrument of ratification of the Protocol of 1997:

The Government of the United States of America under-
stands that, with respect to emissions of nitrogen oxides
pursuant to Regulation 13 of Annex VI, the Protocol of
1997 does not, as a matter of international law, prohibit
Parties from imposing more stringent measures than those
identified in the Protocol as a condition of entry into their
ports or internal waters.

The simplified amendment procedure detailed in Article 16(2) of
the MARPOL Convention of 1973 has been used with regard to all
four MARPOL Convention Annexes after their entry into force. It
was established to permit more effective and rapid adoption and
entry into force of technical amendments to the MARPOL Conven-
tion. Pursuant to longstanding practice under the MARPOL Con-
vention, U.S. acceptance of amendments to Annex VI will not re-
quire further advice and consent by the Senate.

Entry into force and implementation

Only States that are Parties to the MARPOL Convention may be-
come Parties to the Protocol of 1997. The Protocol of 1997 will
enter into force twelve months after the date on which not less
than 15 States have consented to be bound, the combined merchant
fleets of which constitute not less than fifty percent of the gross
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tonnage of the world’s merchant shipping. As of October 31, 2002,
six States (Bahamas, Liberia, Marshall Islands, Norway, Singapore
and Sweden) have ratified Annex VI, constituting approximately 25
percent of the world’s shipping tonnage. Recently, a sufficient num-
ber of other States (Belgium, Cyprus, Denmark, Finland, Germany,
Greece, Luxembourg, the Netherlands, Panama and Spain) have
publicly indicated their indication to ratify the Protocol of 1997 in
the near future. Were this to happen, the conditions for entry into
force of the Protocol of 1997 would be met by the time MEPC meets
in the early summer of 2003. U.S. ratification by that time would
significantly enhance our ability to work through the IMO to
achieve our environmental objectives as they relate to international
maritime commerce.

The Protocol will enter into force for the States consenting to be
bound after the Protocol of 1997 enters into force three months
after the date of deposit of their instruments of ratification, acces-
sion or acceptance.

The Protocol may be denounced at any time after five years from
the date on which it entered into force for that Party, effective
twelve months after receipt of the denunciation.

Annex VI will implementing legislation that is being submitted
separately.

The Protocol of 1997, through Annex VI, will make an important
contribution to the protection of the environment by addressing
harmful air pollutants from ships. Ratification will also strengthen
our ability to work through the IMO for international agreement
on more stringent standards in the future. The Environmental Pro-
tection Agency, the U.S. Coast Guard, and the Departments of De-
fense, dJustice, Interior and Transportation, join me in recom-
mending ratification of the Protocol of 1997 with the declarations
and understanding described herein. I understand it also enjoys
the support of a substantial majority of the maritime industry.

I recommend that Annex VI be transmitted to the Senate for its
advice and consent to ratification at an early date.

Respectfully submitted,

CoOLIN L. POWELL.

Enclosures: As stated.






ANALYSIS OF ANNEX VI
REGULATIONS FOR THE PREVENTION OF AIR POLLUTION FROM SHIPS

The Regulations contained in Annex VI are, for the most
part, modeled upon similar provisions in MARPOL Annex I,
Regulations for the Prevention of Pollution by 0Qil, as
amended, taking into account the differences in the
pcllutants regulated in Annex VI from those regulated in
Annex I.

Chapter I - General Regulations

Regulation 1, Application

Regulation 1 states that the provisions of Annex VI apply
to all ships, except as indicated in Regulations 3 (emis-
sions necessary for safety or resulting from damage);

5 (ships not required to be surveyed and inspected);

5§ (ships not required to be certificated); 13 (lifeboats
and ships on domestie voyages); 15 (ships not subject to
vapor handling reguirement); 18 ({ships not required to have
bunker fuel delivery notes) and 19 (fixed and floating
platforms and drilling rigs engaged in the exploration,
exploitation and associated offshore processing of gea-bed
mineral resources) .

In addition, Article 3(3) of the MARPOL Convention exempts
warships, naval auxiliaries and other ships owned or opera-
ted by a State and used in government non-commercial sexr-
vice from the application of MARPOL and its annexes.
However, Article 3(3) reqguires each Party to ensure by the
adoption of appropriate measures not impairing the opera-
tions or operational capabilities of such ships owned or
operated by it, that such ships act in a manner consistent,
so far as is reasonable and practicable, with the MARPOL
Convention and its annexes.

Regulation 2, Definitions

Regulation 2 defines 13 terms used in the Regulations:

a similar stage of construction; continucus feeding;
emission; new installations; NOx Technical Code; ozone-
depleting substances; sludge oil; shipboard incineration;
shipboard incinerator; ships constructed; SOx Emission
Control Area; tanker; and The Protocol of 1997.

(1)



Regulation 3, General Exceptions

Regulation 3 provides two general exceptions from the
Regulations of Annex VI. The first is an exception for any
emission necessary for the purpose of securing the safety
of a ship or saving life at sea. The second exception
exempts any emission resulting from damage to a ship or its
equipment (provided that all reasonable precautions have
been taken after the occurrence of the damage or discovery
of the emission for the purpose of preventing or minimizing
the emission). However, the second exception would not
apply if the owner or master acted either with intent to
cause damage, or recklessly and with knowledge that damage
would probably result. These exceptions are based upon
Regulations 11(a) and (b) of MARPOL Annex I.

Regulation 4, Equivalents

Regulation 4 permits an Administration (i.e., the Govern-
ment of the State whose flag the ship is entitled to fly)
to allow any fitting, material, appliance or apparatus to
be fitted on a ship as an alternative to that required by
Annex VI if such fitting, material, appliance or apparatus
is at least as effective as that required by the Annex.
Any such authorized alternative is to be communicated to
the IMO for circulation to all MARPOL parties for their
information and appropriate action. The United States
currently grants waivers, exemptions and certificates of
alternate compliance for existing requirements under the
MARPOL Convention through various authorities in Title 46,
U.S. Code, and Titles 33 and 46, Code of Federal
Regulations (C.F.R.).

Chapter IT - Survey, Certification and Means of Control

Regulations 5-9, regarding survey and certification, are
modeled upon Regulations 4-8 of MARPOL Annex I as amended
by the harmonized system of survey and certification for
MARPOL Annexes I and II that entered into force' interna-
tionally on February 3, 2000, and which are implemented by
the U.S. pursuant to 46 U.S. Code, Subtitle II, Part B,
Inspection and Regulation of Vessels. Regulations 10 and
11 on means of control are modeled upon Regulation 8A of
MARPOL Annex I as amended and on Article 6 of the
International Convention for the Prevention of Pollution
from Ships, done at London November 2, 1973, respectively,



both of which are implemented by the United States pursuant
to 14 U.S. Code § 89 and 46 U.S. Code, Subtitle II, Part B.

Regulation 5, Surveys and Inspections

Regulation 5 sets forth the requirements for surveys and
inspections. Every ship 400 gross tonnage and above and
every fixed and floating drilling rig and other platform is
required to pass the following surveys: an initial survey
before the International Air Pollution Prevention Certifi-
cate is issued pursuant to Regulation 6; an intermediate
survey at about halfway through the period of validity of
the Certificate that may not exceed five years; and at
least one periodic survey not exceeding every five years
after the Certificate is originally issued. The initial
and periodic surveys are to ensure that the eguipment,
systems, fittings, arrangements and material fully comply
with the applicable requirements of Annex VI. The inter-
mediate survey is to ensure that the equipment and arrange-
ments fully comply with the requirements of Annex VI and
are in good working order. Unscheduled surveys are
required to be conducted as specified by the Administration
if it does not require annual periodic surveys.

Surveys of vessels less than 400 gross tonnage are left to
Administrations. Administrations are responsible for the
validity of the surveys, but may permit them to be
performed by another entity.

The NOx Technical Code is to be used for surveys of marine
diesel engines. When an engine is manufactured outside the
country of the Administration of the ship on which it will
be installed, section 2.2.7.1 of the Code permits the
Administration of a ship to request the Administration of
the country in which an engine is manufactured to survey
the engine. EPA advises that, consistent with the Clean
Air Act, it does not intend to avail itself of this
provision; rather, EPA intends to survey foreign-
manufactured engines to be installed in ships under
construction in the United States.

The surveying organization is required to notify the flag
State and port State of violations detected during a
survey. The surveying organization is also required to
ensure that the ship is brought into compliance before it
continues its voyage. If the ship is not brought into
compliance, the Administration should withdraw the ship’s



Certificate. The port State is to assist the flag State in
carrying out these duties.

Equipment is required to be properly maintained; no changes
may be made without the express approval of the Administra-
tion except for direct replacement of such equipment and
fittings. If there is an accident or a defect with the
equipment, the ship owner must notify the Administration or
the organization responsible for issuing the relevant
Certificate.

Regulation 5 is modeled on Regulation 4 of Annex I to the
MARPOL Convention as modified by the harmonized system of
survey and certification.

Regulation 6, Issue of International Air Pollution
Prevention Certificate

Regulation 6 requires the issuance of an International Air
Pollution Prevention (IAPP) Certificate, after a survey
conducted in accordance with Regulation 5, to any ship of
400 gross tonnage or above engaged in voyages to ports or
offshore terminals under the jurisdiction of other Parties
and to platformg and drilling rigs engaged in voyages to
waters under the sovereignty or jurisdiction of other
Parties to the Protocol of 1997, that is to their exclusive
economic zone, territorial sea or internal waters. The
IAPP Certificate shall be issued to ships constructed
before the date of the entry into force of the Protocol of
1997 no later than the first scheduled drydocking after
entry into force of the Protocol of 1997, but in no case
later than three years after entry into force of Annex VI.
The Certificate may be issued by the Administration or any
person or organization duly authorized by it; however, in
every case the Administration assumes full responsibility
for the Certificate. Regulation 6 is based upon
Regulation 5 of MARPOL Annex I.

Regulation 7, Issue of a Certificate by another Govexrnment

Regulation 7 governs the issuance of an IAPP Certificate by
another Government Party to the Protocol of 1997. 1In this
case, the surveying Administration must submit a copy of
the Certificate and survey report to the requesting Admini-
stration. This arrangement must be noted on the IAPP
Certificate. Such an IAPP Certificate has the same force
and is to receive the same recognition as if it were issued
by the Administration. However, no IAPP Certificate can be



issued to a ship flagged in a State that is not a Party to
the Protocol of 1997. Regulation 7 is substantively
identical to Regulation 6 of MARPOL Annex I.

Regulation 8, Form of Certificate

Regulation 8 requires the form of the IAPP Certificate to
be substantially similar to that set out in Appendix I to
Annex VI. Regulation 8 follows the text of Regulation 7 of
MARPOL Annex I, while recognizing that English, Spanish and
French are now the official languages of the IMO.

Regulation 9, Duration and Validity of Certificate

Regulation 9 governs the duration and validity of the IAPP
Certificate. The Certificate is valid for no more than
five years (as determined by the Administration), but may
be extended for no more than five months to enable the ship
to continue its voyage to the port where it is to be
resurveyed. The Certificate ceases to be valid if the
required inspections and surveys are not carried out in a
timely manner; if there are significant unauthorized
alterations to the ship's equipment, systems, fittings,
arrangements or material; or upon transfer of the ship to a
flag of another State. A new Certificate may be issued
only when the gaining Government is fully satisfied that
the ship meets the requirements of Regulation 5.

Regulation 9 is based on Regulation 8 of MARPOL Annex I,
which is administered by the U.S. pursuant to 46 U.S. Code
Chapter 33.

Regulation 10, Port State Control on Operational
Requirements

Regulation 10 provides for inspection by port State
authorities concerning the operational regquirements of
Annex VI if there are clear grounds for believing that the
master or crew are not familiar with essential shipboard
procedures relating to the prevention of air pollution from
ships. In such circumstance, the port State authority
shall take such steps as will ensure that the ship shall
not sail until the situation has been brought to order in
accordance with the requirements in Annex VI.

This provision is substantially identical to Regulation 8A
of MARPOL Annex I, which entered into force internationally
on March 3, 1996, and is enforced pursuant to IMO



resolution A.787(19), Procedures for port State control, as
amended, and 46 U.S. Code, Subtitle II, Part B.

Regulation 11, Detection of Violations and Enforcement

Regulation 11 sets out the rules for detection of viola-
tions and enforcement of Annex VI. Parties to Annex VI are
required to cooperate in detecting violations. A ship can
be inspected in any port of a Party and, if any violations
are found, the port State is to send a report to the
Administration. Any Party can inform an Administration of
a violation. The Party should also inform the master of
the ship when practicable. An Administration can request
additional information about the violation from the
informing Party. After receiving sufficient evidence, the
Administration is required to take action under its law,
and to report the action taken to the informing Party and
to the IMO. A Party may also inspect a ship when it enters
its ports or offshore terminals under its jurisdiction if
it receives a request for an inspection from any Party
together with sufficient evidence that a ship has emitted
any regulated substance in violation of Annex VI. 1In this
case, a report of the investigation is to be sent both to
the Party requesting the inspection and the Administration
so that appropriate action may be taken under MARPOL.
These rules, contained in subparagraphs (1) through (5),
are identical to those found in Article 6 of the MARPOL
Convention of 1973.

Subparagraph (6) provides that the international law con-
cerning the prevention, reduction, and control of pollution
of the marine environment from. ships, including.the law
relating to enforcement and safeguards, in force at the
time of application or interpretation of Annex VI, applies,
mutatis mutandis, to the rules and standards set forth in
Annex VI. Subparagraph (6) derives from Article 9(3) of
the MARPOL Convention of 1973, which provides that the term
"jurisdiction" in MARPOL is to be construed in light of the
international law in force at the time of application or
interpretation of MARPOL. Article 9(2) of the MARPOL Con-
vention of 1973 provides that nothing in that Convention
shall prejudice the codification and development of the
international law of the sea then under way under the
auspices of the United Nation General Assembly. Subpara-
graph (6) was drafted to take account of the adoption and
entry into force of the Law of the Sea Convention subse-
quent to the adoption of MARPOL and refers to the provi-
sions of Part XII of the 1982 United Nations Conventicn on



the Law of the Sea, including sections 6, Enforcement, and
7, Safeguards, thereof. Subparagraph (6) also recognizes,
through the use of the phrase mutatis mutandis, that the
relevant articles of the Law of the Sea Convention refer to
"discharge" while Annex VI addresses "emission".

Chapter III - Requirements for Contxol
of Emissions from Ships

Regulation 12, Ozone-depleting Substances

Regulation 12 regulates the emission and disposal of ozone-
depleting substances and installation of new equipment that
contain ozone-depleting substances (except HCFCs) .

Regulation 1(6) defines ozone-depleting substances by
cross-reference to those controlled substances defined in
article 1(4) of, and listed in Annexes A, B, C or E to, the
Montreal Protocol on Substances that Deplete the Ozone
Layer, 1987 (entered into force for the United States on
January 1, 1989), Senate Treaty Doc. 100-10, Sen. Ex.

Rep. 100-14, that are in force at the time of application
or interpretation of Annex VI. Annexes B, C and E were
added to the Montreal Protocol subsequent to it$ entry into
force. Regulation 1(6) of Annex VI identifies some of the
ozone-depleting substances that may be found on-board ship.
They include, but are not limited to three halon compounds
and five chloroflurocarbon compounds (CFCs) .

Regulation 12 requires that the déliberate emission of
ozone-depleting substances be prohibited. Regulation 12
defines "deliberate emissions" to include emissions
occurring in the course of maintaining, servicing,
repairing or disposing of systems or equipment.

Regulation 12 excludes from the definition of "deliberate
emissions” minimal releases associated with the recapture
or recycling of an ozone-depleting substance. As leaks are
not included in the definition of "deliberate emissions",
Regulation 12 permits Parties to the Protocol of 1997 to
regulate emissions arising from leaks of an ozone-depleting
substance, whether or not the leaks are deliberate.

Regulation 12 further requires that new installations that
contain ozone-depleting substances also be prohibited on
all ships, except that new installations containing



hydrochloroflurocarbons (HCFCs) are permitted until
January 1, 2020.

Finally, Regulation 12 requires that ozone-depleting
substances and equipment containing such substances be
delivered to appropriate reception facilities when removed
from ships. This provision is designed to prevent release
of these substances into the atmosphere after they are
removed from ships.

Ozone-depleting substances are currently regulated by

40 C.F.R. Part 82, which implements the Montreal Protocol,
and sections 602-607, 614 and 616 of the Clean Air Act
Amendments of 1990, Pub.L. 101-549.

Regulation 13, Nitrogen Oxides (NOx)

Regulation 13 specifies the NOx limits for warine diesel
engines above 130 kW installed on vessels constructed on or
after January 1, 2000, or engines above 130 kW that undergo
a major conversion on or after that date.

Emergency diesel engines and engines on certain emergency
equipment are exempted. An Administration can exempt
engines on vessels under itg flag that operate golely in
waters subject to its sovereignty or jurisdiction (i.e.,
its internal waters, territorial sea and exclusive economic
zone), provided that the engines are subject to alternative
NOx requirements established by the Administration. This
exemption could apply to U.S. flag ships operating, for
example, between Norfolk and Miami, but not between Miami
and The Bahamas or between San Francisco and Honolulu. The
United States has established alternative standards for
certain categories of marine diesel engines installed on
U.S.-flag vessels that are more stringent than the
Regulation 13 NOx limits. Those standards, which go into
effect between 2004 and 2007 depending on engine size, are
contained in 40 C.F.R. Part 94.

An Administration can also exempt engines on vessels under
its flag if they were constructed, or undergo a major con-
version, prior to the date of entry into force of Annex VI,
provided the ship is solely engaged in voyages to ports or
offshore terminals within the flag State. This exemption
could apply to U.S. flag ships operating, for example,
solely between Norfolk and Miami, between Miami and Puerto
Rico, or between San Francisco and Anchorage, but not



between Miami and The Bahamas. The Administration has not
yet determined whether it will exercise this exemption.

Chapter 6 of the NOx Technical Code sets forth procedures
for demonstrating compliance by pre-certificated engines
with NOx emission limits after they are installed on board
ships.

Regulation 13(3) (a) prohibits the operation of each marine
diesel engine to which Regulation 13 applies that is not
within the limits set out in that subparagraph.

Regulation 13(3) (b) allows the use of after-treatment
devices as an alternative NOx control measure, such as an
exhaust gas cleaning system approved by the Administration
in accordance with the NOx Technical Code, or any other
equivalent method approved by the Administration taking
into account guidelines to be developed by the IMO. These
guidelines have not yet been developed by the IMO. Any
such measure must reduce on-board NOx emission at least to
the limit specified in Regulation 13(3) (a).

Regulation 14, Sulfur Oxides (SOx)

General requirements. These provisions set a global cap
for the sulfur content of fuel oil used on-board ships at
4.5% m/m (i.e., 45,000 ppm). The worldwide average sulfur
content of residual fuel o0il is to be monitored pursuant to
guidelines to be developed by the IMO. Those guidelines
have been adopted by the IMO as resolution MEPC.82(43),
July 1, 1999.

Requirements within SOx Emission Control Areas (SECA).
Regulation 14 (3) designates the Baltic Sea as a SECA and
permits the designation of additional SECAs by the IMO in
accordance with the procedures set out in Appendix III to
Annex VI. The IMO has already approved the North East
Atlantic (North Sea) Area as a SECA for adoption when
Annex VI enters into force. The United States is contem-
plating asking the IMO to establish SECAs off certain U.S.
coasts.

Pursuant to Regulation 14(4), ships operating in SECAs must
use fuel that has a sulfur content not more than 1.5% m/m
(i.e., 15,000 ppm), or must use an exhaust gas cleaning
system that wmeets a standard of 6.0 g SOx/kW-hr, or some
other equivalent SOx emission control technology approved
by the Administration taking into account guidelines to be
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developed by the IMO. The IMO has not yet developed these
guidelines. The IMO Assembly has invited governments
located in geographic regions where SECAs have been desig-
nated to ensure the availability of low sulfur bunker fuel
0il within their jurisdiction and called on the oil and
shipping industries to facilitate the availability and use
of low sulfur bunker fuel oil (IMO Assembly resolution
A.926(22), November 29, 2001).

As described in Regulation 14 (4) (b), waste streams from
exhaust gas cleaning systems may not be discharged into
enclosed ports, harbors and estuaries unless it can be
thoroughly documented by the ship that such waste streams
have no adverse impact on the ecosystems of such marine
areas, based on criteria communicated by the authorities of
the port State to the IMO, which is to circulate the
criteria to all MARPOL Parties. Waste streams not
permitted to be discharged into the marine environment are
to be disposed of in reception facilities as provided in
Regulation 17.

Regulation 14 (5) provides that the sulfur content of all
fuel oil must be documented by the supplier as required by
Regulation 18 of Annex VI.

Regulation 14(6) specifies requirements for fuel changeover
if applicable.

As described in Regulation 14 (7), the fuel sulfur content
requirements in SECAs become applicable cne year after
entry into force of the Protocol of 1997 for SECAs desig-
nated prior to entry into force of the Protocol of 1997,
and one year after designation for SECAs designated
following entry into force of the Protocol of 1997.

Regulation 15, Volatile Organic Compounds

Volatile organic compounds (VOCs) are the aromatic vapors
given off by liguid hydrocarbons such as crude oil and
diesel fuel, which, unless they are captured while the
liquid is being transferred from one container to another,
will escape into the atmosphere. Annex VI does not require
emissions of VOCs to be regulated. However, .if emissions
of VOCs from tankers are to be regulated in ports or ter-
minals under the jurisdiction of a Party to the Protocol of
1997, the emissions are to be regulated in accordance with
the provisions of Regulation 15. "Tanker" is defined by
Regulation 1(12) as an oil tanker as defined in
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Regulation 1(4) of MARPOL Annex I or a chemical tanker as
defined in Regulation 1(1) of MARPOL Annex II.

A Party choosing to designate ports or terminals under its
jurisdiction at which it intends to regulate VOC emissions
is required to notify the IMO. The notification must
include information on the size of tankers to be con-
trolled, on cargoes requiring vapor emission control
systems, and the effective date of such control. The
notification is required to be submitted at least six
months before the effective date.

In doing so the Party is required to ensure that vapor
emission control systems approved by it, taking into
account the IMO safety standards (MSC/Circ.585, Standards
for vapor emission control systems), are provided in the
designated ports and terminals, and are operated safely and
in a manner so as to avoid undue delay to the ship. The
United States has national VOC design, installation and
operating standards for facilities transferring oil or
hazardous materials in bulk (33 C.F.R. Part 154, Subpart E,
Vapor Control Systems) which the Coast Guard advises are
consistent with Regulation 15. The United States also has
national emission standards for marine tank vessel
operations (40 C.F.R. Part 63, Subpart Y, §§ 63.560-
63.567) .

Pending entry into force of the Protocol of 1997, the IMO
has invited Member Governments to notify the IMO of those
ports and terminals under its jurisdiction at which VOC
emigsions are to be regulated, and the requirements to be
imposed on ships calling at these ports and terminals. The
IMO has undertaken to circulate this information through
MEPC circulars so that owners will have up-to-date informa-
tion on existing or planned vapor recovery systems
(MEPC/Circ.345, November 19, 1998, Notification to the
Organization on ports or terminals where volatile organic
compounds (VOCs) emissions are to be regulated). To date
no such list has been promulgated by the IMO.

Within the United States, some states and local jurisdic-
tions have required vapor recovery at certain ports and
terminals in order to comply with national ambient air
quality standards. Terminals in the United States where
vapor recovery is required must be in compliance with

33 C.F.R. Part 154, Subpart E, Vapor Control Systems. As
required by Annex VI, the United States will submit a
listing of where in the country vapor recovery is required.
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All tankers subject to vapor emission control in accordance
with Regulation 15(2) are required to be provided with a
vapor collection system approved by the Administration
taking into account the IMO safety standards, and are
required to use the system during the loading-of such
cargoes. Terminals that have installed vapor emigsion
control systems in accordance with Regulation 15 may accept
existing tankers that are not fitted with vapor collection
systems for three years after the effective date identified
in Regulation 15(2).

Regulation 15 also applies to gas carriers only when the
type of loading and containment systems allow safe
retention of non-methane VOCs on-board, or their safe
return ashore.

The United States has national VOC design, installation and
operating standards for tank vessels (but not gas carriers)
operating in the navigable waters of the United States

(46 C.F.R. Part 39, Vapor Control Systems) which the Coast

Guard advises are consistent with Regulation 15.

As noted above, within the United States, some states and
local jurisdictions have required vapor recovery for cer-
tain terminals within their jurisdiction in order to meet
national ambient air qguality standards. In general,
tankers without vapor recovery systems installed on board
are not permitted to operate at those terminals required to
control VOCs. Where vapor recovery is .installed at ter-
minals and on tankers, the recovery system must comply with
the Regulations in 33 C.F.R. Part 154, Subpart E, and

46 C.F.R. Part 39, respectively. -

Regulation 16, Shipboard Incineration

Regulation 16 provides that shipboard incineration shall be
allowed only in a shipboard incinerator (with certain
exceptions noted below). "Shipboard incineration" is
defined by Regulation 1(8) as the incineration of wastes or
other matter on-board a ship, if such wastes or other
matter were generated during the normal operation of that
ship. A "shipboard incinerator" is defined by

Regulation 1(9) as "a shipboard facility designed for the
primary purpose of incineration".

Regulation 16(1) requires that each incinerator installed
on-board a ship on or after January 1, 2000 meet the
reguirements contained in Appendix IV to Annex VI.
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Regulation 16 further requires each incinerator to be
approved by the Administration taking into account the IMO
standard specifications for shipboard incinerators,
resolution MEPC 76 (40), September 25, 1997, Standard
specification for shipboard incinerators, as amended by
resolution MEPC.93 (45), October 5, 2000. In the United
States, this requirement is implemented by 46 C.F.R.

§ 63.25-9.

Pursuant to Regulation 16(2) (b), the Administration may
exclude any incinerator installed on-board a ship before
the date of entry into force of the Protocol of 1997,
provided that the ship is solely engaged in voyages within
waters subject to the sovereignty or jurisdiction of the
flag State. '"Waters subject to the sovereignty or juris-
diction" refers to internal waters, the territorial sea and
the exclusive economic zone of the flag State. This exclu-
sion could apply to U.S. flag ships operating, for example,
between Norfolk and Miami, but not between Miami and The
Bahamas or between San Francisco and Honolulu. The United
States currently does not intend to exercise this option.

Regulation 16 (3) provides that nothing in that Regulation
affects the prohibitions in, or other requirements of, the
Convention on the Prevention of Marine Pollution by Dumping
of Wastes and Other Matter, 1972, 26 U.S.T. 2403, T.I.A.S.
No. 8165, 1046 U.N.T.S. 120, and the 1996 Protocol thereto
(which is not in force).

Regulation 16(4) requires shipboard incineration of the
following substances to be prohibited:

a. MARPOL Annex I, II and III cargo residues and
related contaminated packing materials;

b. polychlorinated biphenyls (PCBs);

c. garbage as defined in MARPOL Annex V containing
more than traces of heavy metals; and

d. refined petroleum products containing halogen
compounds .

Pursuant to Regulation 16(5), shipboard incineration of
sewage sludge and sludge oil generated during the normal
operation of a ship may take place in a shipboard
incinerator or in the main or auxiliary power plant or
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boilers. In those cases, however, incineration may not
take place inside ports, harbors or estuaries.

Regulation 16 (6) requires shipboard incineration of
polyvinyl chlorides (PVCs) to be prohibited except in
shipboard incinerators for which IMO Type Approval
Certificates have been issued.

Regulation 16(7) requires all ships with incinerators
subject to this Regulation to possess a manufacturer's
operating manual, which shall specify how to operate the
incinerator within the limits described in paragraph 2 of
Appendix IV to Annex VI.

Regulation 16(8) reguires personnel responsible for
operation of any incinerator to be trained and capable of
implementing the guidance provided in the manufacturer's
operating manual.

Regulation 16(9) requires monitoring of combustion flue gas
outlet temperature at all times and waste not to be fed
into a continuous-feed shipboard incinerator when the
temperature is below the minimum allowed temperature of
850°C. "Continuous feeding" is defined by Regulation 1(2)
as the process whereby waste is fed into a combustion
chamber without human assistance while the incinerator is
in normal operating conditions with the combustion chamber
operative temperature between 850°C and 1200°C. For batch-
loaded shipboard incinerators, the unit is required to be
designed so that the temperature in the combustion chamber
reaches 600°C within five minutes after start-up.

Regulation 16(10) provides that nothing in Regulation 16
precludes the development, installation and operation of
alternative design shipboard thermal waste treatment
devices that meet or exceed the requirements of this Regu-
lation. Examples of thermal waste treatment technologies
that could be considered for shipboard waste treatment
include electric furnace, plasma arc pyrolysis, wet
oxidation, hydrothermal oxidation, super critical water
oxidation and super critical CO2.

Regulation 17, Reception Facilities

Each Party to the Protocol of 1997 undertakes to ensure the
provision of facilities adequate to meet (a) the needs of
ships using its repair ports for the reception of ozone-
depleting substances and eguipment containing such
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substances when they are removed from ships, and (b) the
needs of ships using its ports, terminals or repair ports
for the reception of exhaust gas cleaning residues when
their discharge into the marine environment is not
permitted under Regulation 14. These facilities may not
cause undue delay to ships.

Currently there are no domestic requirements for reception
facilities to accept exhaust gas cleaning residues.
However, the Administration believes the domestic reception
facility infrastructure will be able to make the needed
adjustments to accommodate this waste stream without
causing undue delay to ships.

Parties also undertake to ensure the provision of
facilities adequate to meet the needs in ship breaking
facilities for the reception of ozone-depleting substances
and equipment containing such substances when they are
removed from ships. Removal and reception of ozone-
depleting substances in the United States are regulated by
40 C.F.R. Part 82.

Pursuant to Regulation 17(2), each Party is required to
notify the IMO for transmission to all IMO Members of all
cases where the facilities are unavailable or alleged to be
inadequate.

Regulation 18, Fuel 0il Quality

This Regulation contains the requirements for fuel oil for
combustion purposes delivered to and used on-board ships to
which Annex VI applies. Petroleum-based fuel oil is to be
free from inorganic acid. It may not include any added
substances or chemical wastes that (i) jeopardize safety;
(ii) are harmful to the ship; (iii) are harmful to
personnel; or (iv) result in additional air pollution.

In addition to these requirements, fuel oil derived from
other processes may not exceed the Regulation 14 sulfur
limits or cause an engine to exceed the Regulation 13 NOx
limits.

As described in Regulation 18(3) and (4), compliance is to
be ensured through bunker delivery notes which shall
contain the information specified in Appendix V to

Annex VI. These notes are required to be kept on-board
ships that are subject to the Regulations 5 and 6 survey
and certification provisions.
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As set forth in Regulation 18(5) through 18(8), each Party
is required to oversee certain aspects of the fuel delivery
process with regard to the provision of bunker delivery
notes. Each Party is also to take action against suppliers
that deliver fuel that does not comply with Regulation 18.
The IMO recently adopted guidelines for the sampling of
fuel o0il for determination of compliance with Annex VI
which were appended to MEPC resolution MEPC.96 (47),

March 8, 2002.

As described in Regulation 18(2), Regulation 18 does not
apply to coal in its solid form or to nuclear fuels.

Regulation 19, Requirements for Platforms and Drilling Rigs

This Regulation specifies that fixed and floating platforms
and drilling rigs are to comply with the requirements of
Annex VI. Consistent with MARPOL 1973 Article 2(3) (b) (ii),
emissions directly arising from the exploration, exploita-
tion and associated offshore processing of seabed minerals
are exempt. In addition, the requirements do not apply to
the use of hydrocarbons that are produced and subsequently
used on site as fuel when approved by the Administration.
Alr emissions from U.S. outer continental shelf sources are
currently regulated by 40 C.F.R. Part 55.

APPENDICES
Annex VI has five appendices.
Appendix I, Form of IAPP Certificate (Regulation 8)

Appendix I provides the form of the International Air
Pollution Prevention (IAPP) Certificate. The Certificate
records the fact that the named ship has been surveyed in
accordance with Regulation 5 of Annex VI, and that the on-
board equipment, systems, fittings, arrangements and
materials fully comply with the applicable reguirements of
Annex VI. The form also provides for endorsements for
annual and intermediate surveys, and a record of
construction and equipment.

Appendix II, Test Cycles and Weighting Factors
(Regulation 13)

Appendix II provides the test cycles and weighting factors
that should be applied for verification of compliance of
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marine diesel engines with the NOx emission limits in
accordance with Regulation 13 of Annex VI using the test
procedure and calculation methods specified in the NOx
Technical Code.

Appendix III, Criteria and Procedures for Designation of
SOx Emission Control Areas (Regulation 14)

Appendix III provides the criteria and procedures for
designation of SOx Emission Control Areas in accordance
with Regulation 14. An Administration must submit a
proposal to the IMO that demonstrates a need to prevent,
reduce and control SOx air pollution from ships. The
proposal is to include a description of the area, a
description of the land and sea areas at risk from SOx
emissions, an assessment of the contribution of ships to
SOx levels in these areas, relevant meteorological
information, the nature of ship traffic in the area, and a
description of land-based SOx emission control measures
taken by the proposing State or States. Proposals are to
be considered by the IMO and are to be designated by
amendment to Annex VI.

Appendix IV, Type Approval and Operating Limits for
Shipboard Incinerators (Regulation 16)

Appendix IV sets forth the type approval standards and
operating limits for shipboard incinerators in accordance
with Regulation 16.

Appendix V, Information to be Included in the Bunker
Delivery Note (Regulation 18(3))

Appendix V details the information to be included in the
bunker delivery note referred to in Regulation 18(3).



CONFEREMCE RESQLUTION 2

TECHNICAL CODE ON CONTROL OF EMISSION OF NITROGEN OXiDES
FROM MARINE DIESEL ENGINES

THE CONFERENCE,

RECALLING resolution A.719(17) adopted by the Assembly of the International Maritime
Organization, which indicates that the ohjective of prevention of air pollution from ships would best be
achieved by establishing a new anmex to the Intermational Convention for the Prevention of Pollution from
Ships, 1973, as modified by the Pretocol of 1978 relating thereto (MARPOL 73/78) to provide rules for
restriction and control of emission of harmful substances from ships into the atmosphere,

RECOGNIZING that the emission of nitrogen oxides from marine diesel engines installed on board
ships has zn adverse effect on the environment causing acidification, formation of ozone, nuirient
enrichment and contributes to adverse health effects globally,

BEING AWARE of the protocols and declarations to the 1979 Convention on Long-Range
Transboundary Air Pollution concerning, inter alia, the reduction of emission of nitrogen oxides or its
fransboundary fluxes,

HAVING ADOPTED the Protocol of 1997 to amend the International Convention for the
Prevention of Poltution from Ships, 1973, as modified by the Protocol of 1978 relating thereto (the 1997
Protocol),

NOTING regulation 13 of Ammex VI of MARPOL 73/78 which makes the Technical Code on
Control of Emission of Nitrogen Oxides from Marine Diesel Engine: I

y under that ion

HAVING CONSIDERED the recommendations made by the Mazine Environment Protection
Comunittee at its thirty-ninth session, ’

1. ADOPTS the Technical Code on Control of Emission of Nitrogen Oxides from Marine Diesel
Engines (NOx Technical Code), the text of which is set out at annex to the present resolution;

2. RESOLVES that the provisions of the NOx Technical Code shall enter info force, as mandatory
requirements, for all Parties to the 1997 Protocol on the same date as the entry imto force date of that
Protocol;

3. INVITES Parties to MARPOL 73/78 to implement the provisious of the NOx Technical Code in
accordance with the provisions of regulation 13 of Annex VI; and

4 URGES Parties to MARPOL 73/78 to bring the NOx Technical Code to the immediate artention
of shipowners, ship operators, ship builders, marine diesel engine manufaciurers and any other interested

groups.
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ANNEX

TECENICAL CODE
ON CONTROL OF EMISSION OF NITROGEN CXIDES
FROM

MARINE DIESEL ENGINES
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Forewsrd

On 26 September 1997, the Conference of Parties to the International Convention for the Prevention of
Pollution from Ships, 1973, as modified by the Protocol of 1978 relzting thersto (MARPOL 73/78),
adapted, by Conference resolution 2, the Technical Code on Control of Emission of Nitrogen Oxides from
Marine Diesel Engines. Under the provisions of Annex Vi - Regulations for the Prevention of Air Pollution
from Ships, of MARPOL 73/78. and subsequent 1o the eniry into force of Annex VI, ezch marine diesel
engine to whick regulation 13 of that annex applies. must comply with the provisions of this Code.

As general background information, the precursors to the formation of mitrogen oxides during the
combustion process are nitrogen and oxygen. Together these compounds comprise 99% of the engine
intake air. Oxygen will be consumed during the combustion process, with the amount of excess oxygen
available being a function of the air/fuel ratio which the engine is operating under. The aitrogen remaias
largely unreacted in the combustion process, however a small percentage will be oxidized to form various
oxides of aftrogen. The nitrogen oxides (NG,) which can be formed imcluds NO and NO,, while the
amounts are primarily a function of flame or combustion ternperature and, if present, the amount of organic
nitrogen available from the fuel. It is also a function of the time the nitrogen and the excess oxygen are
exposed 1o the high temperatures associated with the diesel engine’s combustion process. In other words,
the higher the combustion temperature (e.g., high peak pressure, high compression ratio; high rate of fuel
delivery, etc.), the greater the amount of NO, formation. A slow speed diess] engine, in general, tends to
have more N, formation than a high speed engine. NO, has an adverse effect on the environment causing
acidification, formation of czone, nutrient enrichmant and contributes to adverse health effects globally.

The purpose of this Code is to establish mandatory procedures for the testing, survey and certification of
marine diesel engines which will enable engine manufacturers, shipowners and Administrations to ensure
thai all applicable marine diesel engines comply with the relevant limiting emission values of NO, as
specified within regulation 13 of Annex VI to MARPOL 73/78. The difficulties of establishing with
precision, the actual weighted average NO, emission of marine diesel engines in service on vessels have
been recognised in formulating a simple, practical set of requirements in which the means to ensure
compliance with the allowable NO, emissions, are defined.

Administrations are encouraged to assess the emissions performance of propulsion and auxiliary diesel
engines on a test bed where accurate tests can be carried out under properly controlled conditions.
Establishing compliance with regulation 13 of Annex VI at this initial stage is an essential feature of this
Code. Subsequent testing on board the ship may inevitably be limited n scope and accuracy and its
purpose should be to infer or deduce the emission performance and to confirm that engines are installed,
operated and maintained in accordance with the manufactuxer's specifications and that any adjnstments or
modifications do not detract from the exnissions performance established by initial testing and certification
by the manufacturer.
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ABBREVIATIONS, SUBSCRIPTS AND SYMBOLS

Tables 1, 2, 3 and 4 below summarize the abbreviations, subscripts and symbols used throughout this
Code, including specifications for the analytical instruments in appendix 3, calibration requirements for
the analytic instruments contained in appendix 4 and the formulae for calculation of gas mass flow as
contained in chapter 5 and appendix 6 of this Code.

1

Table 1: symbols used to represent the chemical components of diesel engine gas
emissions addressed throughout this Code;

Table 2: abbreviations for the analysers used in the measurement of gas emissions from
diesel engnes, as specified in appendix 3 of this Code;

‘ Table 3: symbols and subscripts of terms and variables used in all formulae for the

calculation of exhaust gas mass flow for the test bed measurement methods, as
specified in chapter 5 of this Code; and

Table 4: subscripts and descriptions of terms and variables used in all formmiae for the

calculation of exhaust gas mass flow following the carbon balance method, as specified
in appendix 6 of this Code.

Table 1. Symbeols for the chemical components of diesel engine emissions

Symbaol Chemical Component Symbel Chemical Conp
C3Hy Propane NO Nitric Oxide
COo Carbon monoxide NG, Nitrogen Dioxide
CO, Carbon dioxide NG, Oxides of nitrogen.
HC Hydrocarbons 0y ) Oxygen
H,0 ‘Water

Table 2. Abbreviations for analysers in measurement of diesel engine gasecus

emissions (refer to appendix 3 of this Code)

Abbreviation Term Abbreviation Term
CFV Critical flow venturi EFID Heated flame jonization detector
CLD Chemiluminescent detector NDIR. Non-dispersive infrared analyser
EC8 Electrochemical sensor . PDP Positive displacerent pump
FID Flame ionization detector , PMD Paramagnetic detector
FTIR Fourier transform mfrared uvD Ultraviolet detector
analyser .
HCLD Heated chemiluminescent ZRDO Zirconiumdioxide sensor
detector
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2ble 3. Symbols and subseripts for terms and variabies use
5 of this Code)

bed measurement methods (vafer to chapt

Symbol Tem Dimension

Ar Cross sectional area of the exhaust pipe .o

Cl Carbon 1 equivaient hydrocarbon -

conc Concentration Ppm of
Voi%

conc, Background correcied concentraton Dom or
Vol%

EAF Excess Air Factor (kg dxy air per kg fuel) karkg V

EAFp., Excess Air Factor (kg drv air per kg fuel) at reference conditions ke/kg 1

f, Laboratory atmospheric factor (applicable only 10 an engine family) -

Ficp Fuel specific factor for the carbon balance calculation -

Fp Fuel specific factor for exhaust flow calculation on dry basis -

Fry Fuel specific factor used for the calcuiations of wet concentrations from -

dry concentrations

Frw Fuel specific factor for exhavst flow calculation on wet basis N

Carw Intake air mass flow rate on wet basis kg/h

Carp Intake air mass flow rate on dry basis ' kgh

Cpxgw | Exhaust gas mass flow rate on wet basis kg/h

Grrgr. Fue} mass flow rate kg/h

GAS, Average weighted NG, emission value - - g/kWh

Hpgr Reference value of absolute humidity (10.71 g/kg; for caleulation of o/ke

NO, and particulate hurnidity correction factors)

K, Absolute humidity of the intake air ’ kg

HTCRAT | Hydrogen-to-Carbon ratio mol/mol

i Subscript denoting an individual mode -

Kypps | Humidity correction factor for NO, for diesel engines . -

Ry Dry to'wet correction factor for intake air -
Ky Dry to wet correction factor for the raw exhaust gas ' N
" Percent torque related to the maximum torque for the test engine speed Y%

mass " | Emissions mass flow rate %:




Symbei Term ; Dimension

P Saturation vapour pressure of the engine intake air (in 15C 3046-1, 1 kPa
1993: p,, = PSY, test ambient vapour pressure)

ﬁ Ps Total barometric pressure (in ISO 3046-1, 1995: p, = PX, site ambient kPa
total pressure; p, = PY. test ambient total pressure)

Py Dry Armospheric pressure kPa

P Power, brake uncorrected kW

Patix Declared total power absorbed by auxiliaries fitted for the test only, but kW
not requirsd on board the ship

Pu Maximum measured or declared power at the test engine speed under kw
test conditions

T Ratio of cross sectional areas of isokinetic probe and exhaust pipe -

R, Relative humidity of the intake air %

Ry FID response factor -

Ray FID response factor for methanol -

s Dynamorneter setting kw

T, Absoluie temperature of the intake air K

Tpd Absolute dewpoint temperature K

Tse Temperature of the intercooled air K

Tt Reference temperature {of combustion air: 298 K} K

Tgorer Intercooled air reference temperature X

VarD Intake air volume flow rate on dry basis mhh

Varw Trtake air volume flow rate on wet basis mh

Vexsp Exhaust gas volume flow rate on dry basis m’h

VexHw Exhaust gas volume flow rate on wet basis m/h

Wy

Weighting factor




Tabie 4. Symbels and descriptiens of terms and variables used in the farmulae ¥
carbon balance measurament method {refer to appeadix 5 of this Code)
Svmboi Degerintion Dimension Remark
ALF 1 conrent of fuel % m/m
AWC Atomic weight of C
AWH Atomic weight of
AWN Atomic weight of N
AWO Atomic weight of O
AWS Atomic weight of §
BET C content of fuel % m/m
CO2D Concentration of CO, % ViV in dry exhaust
CO2W | Concentration of CO, % VIV (wet) |in wet exhaust
COD Concentration of CO ppm in dry exhaust
CowW Concentration of CO ppm in wet exhaust
CW Soot mg/m’ in wet exhaust
DEL N content of fuel % m/m
EAFCDO | Bucess-air-factor based on the complete kg/kg
combustion and the CO,~concentration, Iy oq,
EAFEXH | Excess-air-factor based on the exhaust gas kg/kg
concentration of carbon containing components, ly
EPS O content of fuel Y% m/m
ETA Nitrogen content of wet combustion air Y% m/m
EXHCPN | Exhaust gas ratio of components with carbon, ¢ VIV
EXHDE | Density of wet exhaust keg/m®
NS
FFCB Fuel specific factor for the carbon balance
caicuiation
FFD Fuel specific factor for exhaust dry basis
flow caiculation on dry basis
FFH Fuel specific factor used for calculation of wet
concentration from dry concentration
FFW Fuel specific factor for wet basis
exhaust flow calculation on wet basis
GAIRD | Combustion air mass flow kg/h dry combustion air
GAIRW [ Combustion air mass flow = ke wet combustion air
GAM S content of fuel % m/m
GCO Emission of CO g/h
GCO2 Emission of CO, o/h
GEXHD | Exhaust mass flow ko/h dry exhaust
gexhw Exhaust mass flew, calculated by the carbon kg/h
balance method, Gy
GEXHW | Exhaust mass flow kg/h . wet exhaust
GFUEL | Fuel raass flow kg/h
GHC Emission of HC gh Lydrocarbons
GH20 Emission of H,.O g/h
GN2 Emission of N, gh
GNO Emission of NO gh
GNO2 Emission of NO, g/h
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Svmbel Descrintion Dimension Remark

GO2 Emission of O, ok
GSO2 Emwmission of SC, gh
HCD Hydrocarbons ppm C1 in dry exhaust
HCW Hydrocarbons ppm C1 in wet exhaust
HTCRAT | Bvdrogen-to-Carbon ratic of the fuel. a mol /ol
MV, Molecular volumne of ... 1/mol individual gas
MW... Mbleculer weight of ... g/mole individual gas
NO2W _ | Concentration of NO, ppm in wet exhaust
NCW Concentration of NO ppIm in wet exhaust
NUE Water content of combustion air Yo m/m. ¥
02D Concentration of G, % VIV in dry exhaust
Q2w Concentration of O, % V/V {wet) |in wet exhaust
STOIAR | Stoichiometric air demand for the combustion of 1 | kg /kg

kg fuel
TAU Oxygen content of wet combustion air % m/m wet air
TAUIL Oxygen content of wet combustion air that is Y%mm wet air

emitted
TAU2 Oxygen content of wet combustion air that is % m/tm wet air

combusied
YCO Volume flow of CO m’/h (exhaust content)
YVCO2 Volume flow of CO, m/h (exhaust content)
VH20 Volume flow of H.O m’/h (exhaust content)
VHC Volume flow of HC m/h (exhaust content)
VN2 Volume flow of N, m’/h (exhaust content}
VNO Volome flow of NG m/h {exhaust content)
VNO2 Volume flow of NO, m/h (exhauyst content)
Vo2 Volume flow of G, m>/h (exhaust content)
V802 Volume flow of §O» m’h exhaust content)

Naotes: - For STANDARD 1’ or STANDARD Litre, the dimensions std. m® and std. 1 are
used. The STANDARD m’ of a gas is related t0 273:15 K and 101.3 kPa
Water gas equilibrium constant =3.5



TECHNICAL CODE ON CONTROL OF EMISSION OF NiTROGEN OXTDES FROM
MARINE DIESFL ZNGINES

Chapter 1 - GENERATL
1.1 PURPOSE

The purpose of this Technical Code on Control of Emission of Nitrogen Gxides from Marine Diesel
Engines, hereunder referred to as the Code, is to specify the requirements for the testing, survey and
certification of marine diesel engines io ensure they comply with the nitrogen oxides (NG, emission limits
of regulation: 13 of Armex VI of MARPCL 73/78.

1.2 APPLICATION

1.2.1  This Code applies to all diesel engines with a power output of more than 130 kW which are
istalled, or are designed and intended for installation, on board any ship subject to Anmex VI, with the
exception of those engines described in paragraph 1(b) of regulation 13. Regarding the requirements for
survey and certification under regulation 5 of Annex VI, this Code addresses only those requirements
applicable to an engine’s compliance with the NO,, emission limits.

1.2.2  For the purpose of the application of this Code, Administrations are entifled to delegate all fumctions
required of an Administration by this Code to an organization authorized to act on behalf of the
Aduninistration. In every case, the Administration. assumes #ull responsibility for the survey and certificate.

1.2.3  For the purpose of this Code, an engine shall be considered to be opexated in compliance with the
NO, Iimits of regulation 13 of Annex VI if it can be demonstrated that the weighted NO, emissions from
the engine are within those limits at the initial certification, intermediate surveys and such other surveys
as are required

1.3 DEFINITIONS

1.3.1  Nurogen Oxide (NO,) Emissions means the total emission of nitrogen oxides, calculated as the total
weighted emission of NO, and determined using the relevant test cycles and measurement methods a3
specified in this Code. )

1.3.2  Substantial modification of a marine diesel engine means:

1 For engines installed on ships consiructed on or after 1 January. 2000, substantiol
modificarion means any modification to an engine that could potentiaily cause the engine
to exceed the emission standards set out in regulation 13 of Annex VI. Routine replacement
of engine components by parts specified in the Technical File that do not alter emission
characteristics shall not be considered a “substantial modification” regardless of whether
one part or many parts are replaced. :

For engines installed on ships constructed before 1 January 2000, substantial modification
means any modification made to an engine which increases iis existing emission
characteristics established by the simplified measurement method as described in 6.3 in
excess of the allowances set out in 6.3.11. These changes include, but are not limited to,
changes in its operations or in its technical parameters (e.g., changing camshafts, fuei
injection systems, air systems, cornbustion chamber configuration, or timing calibration of
‘the engine). .

i
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1.3.3 Components are those interchangesbie parts which influencs the NO, emissions performance,
idennified by their design/par:s number.

1.3.4  Seming means adjustment of an adjustable feature influencing the NC, smissions parformancs of
an engine.

1.3.5  Operaiing values are engine data, like cvlinder peak pressure, exhaust gas temperature, etc., from
the engine log which are relaied to the NG, emission performance. These data are load-dependent.

1.3.6  The EIAPP Certificate is the Engine Infernational Air Pollution Prevention Certificate which relates
10 NG, emissions. ' ’
1.3.7 'The IAPP Certificare is the International Air Pollution Prevention Cenificate.

1.3.8 Adminisiration has the same meaning as Article 2, sub-paragraph (5) of MARPOL 73/78.

13.9  On-board NOx verification procedures mean a procedure, which may include an equipment
requirement, o be used vn board at initial certification survey or at the pedodical and mtexmediate surveys,
s required, to verify compliance with any of the requirements of this Code, as specified by the engine
manufacturer and approved by the Administration.

1.3.10 Marine diesel engine meaus any reciprocating internal combustion engine operating on liquid or
dual fuel, to which regulations 5, 6 and 13 of Annex VI apply, including booster/compound systems if
applied. .

1.3.11 Rated power means the maximum continwous rated power output as specified on the nameplate
and in the Technical File of the marine diesel engine to which regulation 13 of Annex VI and the NG,
Technical Code apply. .

13.12 Rated speed is the crankshaft revolutions per minute at which the rated power occurs as specified
on the nameplate and in the Technical File of the marine diesel engine.

1.3.13 Brake power is the observed power measured at the crankshaft or its equivalent, the engine being
equipped only with the standerd auxiliaries necessary for its operation on the test bed. l

1.3.14 On-board conditions mean that an engine is:

i installed on board and coupled with the actual equipmenf which is driven by the engine;’
and

2 under operation to perform the purpose of the equipment.

1.3.15 A technical file is a record containing all details of parameters, including componenis and settings
of an engine, which miay influence the NO, emission of the engine, in accordance with 2.4 of this Code.

1.3.16 A record book of engine parameters is the document for recording all parameter changes,
including components and engine settings, which may influence NO,, emission of the engine.
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Chagter 2 - SURVEYS AND CERTIFICATION

2.1 GENERA

21.1 Each marine diesel engine specified in 1.2, except as otherwise permitied by this Code, shail be
subject to the following surveys:

1

A pre-certification survey which shall be such as to ensure that the engine, as designed and
equipped, complies with the NO, emission limits contained in regulation 13 of Annex VI
1f this survey confirms compliance, the Adminisiration shail issue an Engine International
Air Pollution Prevention (EIAYP) Certificate.

An inifial cerfification survey which shall be conducied on board a ship after the engine is
installed but before it is placed in service. This survey shall be such as 1o ersure that the
engine, as istalled on board the ship, including any modifications and/or adjustments since
the pre-certification, if applicable, complies with the NO, emission limits comtained in
regulation 13 of Annex VI This survey, as part of the ship’s initial survey, may lead to
either the issuance of a ship’s initial International Air Pollution Prevention (IAPP)
Certificate or an amendment of a ship’s valid IAPP Certificate reflecting the installation of
anew engine.

Periodical and intermediate surveys, which shall be conducted as part of a ship’s surveys
required by regulation 5 of Annex VI, to ensure the engine continues to fully comply with
the provisions of this Code.

An imitial engine’s certification survey which shall be conducted on board a ship every time
a substantial modification is made to an engine to ensure that the modified engine complies
with the NO, emission limits contained in regutation 13 of Annex VI

212 To comply with the survey and certification requirements described in 2.1.1, there are five
alternative methods included in this Code from which the engine manufactarer, ship builder or ship-owner,
as applicable, can choose to measure, calculate or test an engine for its NO, emissions, as follows:

1

2

test bed testing for the pre-certification survey in accordance with chapter 5;

on-board testing for an engine not pre-certificated for a combined pre-certification and
initial sertification survey in accordance with the full test bed requirements of chapter 5;

on-board engine parameter check method for corifixmation of compliance &t initial,
periodical and intermediate surveys for pre-ceriified engines or engines that have
undergone modifications or adjusunems to the designated components and ad]usmble
features since they were last surveyed, in accordance with 6.2;

on-board simplified measurement method for confirmation of compliance at periodical and
intermediate surveys or confirmation of pre-certified engmss for initial certification surveys,
in accordance with 6.3 when required; or

on-board direct measurement and monitoring for confirmation of compliance at periodical
and intermediate surveys only, in accordance with 2.3.4, 2.3.5. 2.3.7, 2.3.8, 2.3.11, 244
and 5.5,
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2.2 PROCEDURES FOR PRE- TIFICATION OF AN ENGINE
221 Prior to installation on board, every marine diesel engine, =\c=pt as allowed by 2.2.2 and 2.2.4,
shall:

g be adjusted to meet the applicable NO, emission limits,

2 have its NO; emissions measured on a test bed in accordance with the procedures specified

in chapter 5 of this Code, and
3 be pre-certified by the Admiristration, as documented by issuance of an ETAPP Certificate.

222 For the pre-certification of serially manufactured engines, depending on the approval of the
Administration, the engine family or the engine group concept may be applied (ses chapter 4). In such a
case, the testing specified in 2.2.1.2 is required only for the parent engine(s) of an engine group or engine
family.

2.2.3  The method of obtaining pre-certification for an engine is for the Administration to:
1 certify a test of the engine on a test bed;

2 verify that all engines tested, including, if applicable, those to be delivered within an engine
family or group, meet the NO, limits; and

3 if applicable, verify that the selected parent engine(s) is representative of an engme family
or engine group.

2.2.4  There are engines which, due to their size, construction and delivery schedule, cannot be pre-
certified on a test bed. In such cases, the engine manufacturer, shipowner or ship builder shall make
application to the Administration requesting an on-board test {see 2.1.2.2). The applicant must demonstrate
1o the Administration that the on-board test fully mees all of the requirements of a test bed procedure as
specified in chapter 5 of this Code. Such a survey may be accepted for one engine or for an engine group
represented by the parent engine only, but it shall not be accepted for an engine family certification. In no
case shall an allowance be granted for possible deviations of measurements if an initial survey is carried -
out on board a ship without any valid pre-certification test.

225 If the pre-certification test results show that an engine fails to meet the NO, emission limits as
required by regulation 13 of Annex VI, a NO, reducing device may be nstalled. This device, when
instailed on the engine, must be recognized as an essential component of the engine and its presence will
be recorded in the engine’s Technical File. To receive an EIAPP Certificate for this assembly, the engine,
including the reducing device, as installed, must be re-tested to show compliance with the NOy.ernission
limits. However, in this case, the assemnbly may be re-tested in accordance with ihe simplified measurement
method addressed in 6.3. The NO, reducing device shall be included on the EIAPP Certificate together
with all other records requested by the Adminisiration. The engine’s Technical File shall also contain on-
board NO, verification procedures for the device to ensure it is operating correctly.

2.2.6  For pre~certification of engines within an engine family or engine group, an EIAPP Certificate shall
be issued in accordance with procedures established by the Administration to the parent engine(s) and to
every member engine produced under this certification to accompany the engines throughout their life
whilst installed on ships under the authority of that Administration.

2.2.7.1 ‘When an engine is manufactured outside the couniry of the Administration of the ship on which
it will be installed, the Administration of the ship may request the Administration of the country in which



the engine is manufachired to survey the engme. Upon safisfaction that the requiremenis of regrlation 13
of Annex V1 are cormplied with pursuant to this NO, Technical Code, the Administration of the country in
which the engine is manufactared shall issue or authorize the issuance of the EIAPP Certificate.

2272 A copy of the certificate(s) and a copy of the survey report shall be transmitted as soon as possible
to the requesting Administration.

2.2.73 A cerificate so issued shell contain a statement to the effect that it has been issued at the request
of the Administration.

2.2.8 Aflow chart providing guidance for compliance with the requirements of a pre-cerfification survey
for marine diesel sngines intended for installation on board of ships is provided in figure 1 of appendix 2
of this Code.

2.29 A model form of an EIAPP Certificate is attached as appendix 1 to this Code.
2.3  PROCEDURES FOR CERTIFICATION OF AN ENGINE

2.3.1 For those engines which have not been adjusted or modified relative to the original specification
of the manufacturer, the provision of a valid ETAPP Certificate should suffice to demonstrate compliance
with the applicable NO, limits.

2.3.2 . Afier installation on board, it shall be determined to what extent an engine has been subjected to
further adjustments and/or modifications which could affect the NO, smission. Therefore, the engine, after
installation on board, but prior o issuance of the [APP Certificate, shall be inspected for modifications and
be approved using the on-board NO, verification procedures and one of the methods described in 2.1.2.

2.33 ‘There are engines which, after pre-certification, need final -adjustment or modification for
performance optimization. In such a case, the engine group concept could be used to ensure that the engine
siill complies with the Hmits.

2.3.4 The shipowner shall have the option of direct nent of NO, emissions during engine
operation. Such data may ke the form of spot checks logged with other engine operating data on a regular
basis and ovsr the full range of engine operation or may réesult from continuous monitoring and data
storage. Data must be current (taken withini the last 30 days) and must have been acquired using the test
procedures cited in this NO, Technical Code. These monitoring records shall be kept on board for three
months for verification purposes by the Parties to the Protocol of 1997, Data shall also be corrected for
ambient conditions and fuel specification, and measuring equipment must be checked for correct calibration
and operation, in accordance with the procedures specified by the measurement equipment mamfacturer
in the engine’s Technical File. Where exhaust gas after-treatment devices are fitted which influence the
NO, emissions, the measuring point(s) must be located downstream: of such devices.

235 To demonstrate compliance by the direct meusurement method, sufficient data shal be collected
to calculate the weighted average NO, emissions in accordance with this Code.

2.3.6 Fvery marine diesel engine installed on board a ship shall be provided with a Technical File. The
Technical File shall be prepared by the engine manufacturer and approved by the Administration, and
required to accompany an engine throughout its life on board ships. The Technical File shall contain
information as specified in 2.4.1.

2.3.7 Where an after-trearment device is instailed and needed to comply with the NG, limits, one of the
options providing a ready means for verifying compliance with regulation 13 of Annex V1is direct NO,
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However, depending on the technical possibilities
e ‘Administration, other relevant parameters could be

mgeasurament and monito; 1 accordance with 2.
of the device used, suvject to the approval of
monitored.

2.3.8 Where, for the purpose of achieving NO, compliance, an additional substance is introduced. such
as ammonia, urea, sisam, water, fuel additives, eic, 2 means of monitoring the consumption of such
substance shall be provided. The Technical File shall provide sufficient information to allow a ready means
of demonstrating that the consumption of such additional substances is consistent with achieving
compliance with the applicable NO, limit.

2.3.% ¥ any adjustments or modifications are made to ey engine after its pre-certification, a full record
of such adjustments or modifications shall be recorded in the engine’s record ook of engine parameters.

2.3.10 I all of the engines installed on board are verified to remain within the parameters, components,
and adjustable features recorded in the Technical File, the engines should be accepted as performing within
the NO, limits specified in regulation 13 of Annex VI In this case, with respect to this Code, an JAPP
Certificate should then be issued to the ship.

2.3.11 If any adjustment or modification is made which is outside the approved limits documented in the
Technical File, the IAPP Certificate may be issued only if the overall NO, emission performance is verified
to be within the required limits by: a direct on-board NG, monitoring, as approved by the Administration;
a simplified on-board NO, measwement; os, reference o the test bed testing for the relevant engine group
approval showing that the adjusiments or modifications do not exceed the NG, emissions limis.

2.3.12 The Administration may, at its own discretion, abbreviate or reduce all parts of the survey on board,
in accordance with this Code, to an engine which has been issued an EIAPP Certificate. However, the
entire survey on board raust be completed for at Jeast one cylinder and/or one engine in an engine family
o engine group, or spare parr, if applicable, and the abbreviation may be made only if all the other cylinders
and/ox engines or spare parts are expected to perform in the same manner as the surveyed engine and/or
cylinder or spare part. '

2.3.13 Flow charis providing guidance for compliance with the requirements of an initial, peniodical and
intermediate sarveys for certification of marine diesel engines instafled on board of ships are provided in
figures 2 and 3 of appendix 2 of this Code.

24 TECHNICAL FILE AND ON-BOARD NO, VERIFICATION PROCEDURES

2.41 To enable an Administration to perform the engine surveys described in 2.1, the Technical File
required by 2.3.6 shall, at a minimum, contain the following information:

1 identification of those components, settings and operating values of the engine which
influence its NO, emissions; .

2 identification of the full range of allowable adjustments or alternatives for the components
of the engine; .

W

full record of the relevant engine’s performance, including the engine’s rated speed and
rated power;

4 a system of on-board NO, verification procedures to verify compliance with the NOx
emission limits during on-board verification surveys in accordance with chapter 6;
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a copy of the test repart required in 5.10;

if applicable, the designation and vestrictions for an engine which is a member of an sngine
group or engine family;

specifications of those spare parts/components which, when used in the engine, accarding
to those specifications, will resultin continued compliance of the engine with the NCx
emission limits; and

the EIAPP Certificate, as applicable.

2.4.2 To ensure that engines are in compliance with regulaiion 13 of Annex VI after installation, each
engine with an EIAPP Certificate shall be checked at lsast once prior to issuance of the IAPP Certificate.
Such check czn be done using the on-board NG, verification procedures specified in the engine's Technical
File or one of the other methods if the owner's representative does not wish to check using the on-board
NO, verification procedures.

2.43 As a general principle, on-board NO, verification procedures shall enable a surveyor to easily
determine if an engine has remained in compliance with regulation 13 of Annex VI Atthe same time, it
shall not be so burdensome as t0 unduly delay the ship or to require in-depth knowledge of the
characteristics of a particular engine or specialist measuzing devices not available on board

2.4.4 - On-board N, verification procedures shall be determined by using one of the following methods:

1

engine parameter check in accordance with 6.2 1o verify that an engine's component, setting
and operating values have not deviated from the specifications in the engine's Technical
File;

simplified measurement method in accordance with 6.3, or

the direct measurement and monitoring method in accordance with 23.4, 2.3.5, 2.3.7,
23.8,2.3.11,and 5.5. :

2.4.5 WhenaNO, moniloring and recording device is specified as on-board NO, verification procedures,
such device shall be approved by the Adminisiration based on guidelines to be developed by the
Organization. These guidelines shall include, but are not limited to, the following items:

1

2 definition of continnous NO, monitoring, taking into account both steady state and
trangitional operations of the engine;

data recording, processing and retention;

a specification for the equipment. o ensure that its reliability is majntajﬁe& during servics;
a specification for environmental testing of the device;

a specification for the testing of the equipmeni (0 demonstrate that it has a suitable
accuracy, repeatability and cross sensitivity compared with the applicable sections of this

Code; and

the form of the approval certificate to be issued by the Administration.



2.4.6 When considering what on-board NC, verification procedures should be inciuded in an engine’s
Technical File to verify whether an engine complies with the NO, emission limits during any of the required
on-board verification surveys, subsequent 1o the issuance of an IAPP Certificate, an engine marufactursr
or the shipowner may choose any of the three methods for on hoard NO, verification procedures specified
mé.1.
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Chapter 3 - MITROGEN OXIDES EMISSION STANDARDS

3.3 MAXIMUM ALTOWABLE NOy EMIASSICN LIMITS FOR MARINE DIESE:

]

3.1.1 The graph in figure 1 represents the maximum allowable NQ, emission Jimit vaiues based cn the
formulae mcluded in paragraph 3(a) of regulation 13 of Ammex VI. The total weighted NG, emissions, as
measured and calculated in accordance with the procedures in this Cods, shall be equal to or less than the
applicable value from the graph corresponding to the rated speed of the engine.
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where n = rated engine speed (crankshafi revolutions per minute)

Figure 1. i Alb bie NO, Emissions for Marine Diesel Engines

3.1.2 'When the engine operates on marine diesel cil in accordance with 5 .3, the total em¥ssion of nitrogen
oxides (calculated as the total weighted enmission of NOQ,) shall be determined using the relevant test cycles -
and measurement methods as specified in this Code.

3.13 An engine’s applicable exhaust emissions limit value frem ﬁguie 1 and the actual caleulated
exhaust emissions value for the erngine shall be stated on the engine’s EIAPP Certificate.

3.z TEST CYCLES AND WEIGHTING FACTORS TO BE APPLIED
3.2.1  For every individual engine or parent engine of an engine group or family, one of the test cycles
specified in 3.2.2 to 3.2.6 shall be applied for verification of compliance with the NO, emission limits in

accordance with regulation 13 of Annex VI

3.2.2 For constant speed marine engines for ship main propulsion, including diese! electric drive, test
cyele E2 shall be applied in accordance with table 1.
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3.2.3 For variable pitch propeller sets, test cycle £2 shall be applied in accordance with table 1.

Table 1. Test eycle for "Constant Speed Main Propuision” Application (including Diessl
Electric Drive and Variable Piich Propeiler Instailations)

Speed 100 % 100 % 100 % 100 %

Test cycie type E2 Power 100 % 75 % 50 % 25 %
Weighting 02 0.5 0.15 0.15
Factor

3.2.4 For propeller law operated main and propeller law operated auxiliary engines, test cycle E3 shall
be applied in accordance with table 2.

Table2. Test cycle for "Propeller Law operated Main and Propeller Law operated
Auxilizry Engine” Application

Speed 100 % 91 % 20 % 63 %

Test cycle type E3 Power 100 % 75 % 50 % 25%
Weighting 0.2 0.5 0.15 015
Factor

3.2.5 For constant speed auxiliary engines, test cycle D2 shall be applied in accordance with table 3.

Table 3.  Test cycle for "Comstant Speed Auxiliary Engine” Application

Speed 100% | 100% | 100% | 100% | 100 %

Test cycle type D2 Power 100% | 75% 50 % 5% 10%
Weighting 0.05 0235 0.3 0.3 0:1
Factor

3.2.6 For variable speed, variable load auxiliary engines, not included above, test cycle C1 shall be
applied in accordance with table 4.

Table 4. Test cycle for "Variable Speed, Variable Load Auwxiliary Engine” Application

Speed Rated Intermediate idle

Test eycle type C1 [Torque % | 100% | 75% | 50% [10% | 100% | 75% | 50% | 0%

Weighting | 0.15 | 0.15| 6.15 | 0.1 0.1 0.1 0.1 0.15
[Factor

327 The torque figures given in test cycle C1 are percentage values which represent for a given test
mode the ratio of the required torque to the maximum possible torque at this given speed.

3.2.8 - The intermediate speed for test cycle C1 shall be declared by the manufacturer, taking into account
the following requirements:

.1 For engines which are designed to operate over a speed range on a full load torque curve,
the intermediate speed shall be the declared maximum torque speed if it occurs between
60% and 75% of rated speed.



If the declared maximum torque speed is less than 60% of rated speéd, then the
mtermediate speed shall be 60% of the rated speed.”

S

2 £ the declared maximum torque spesd is greater than 75% of the rated spesd, then the
ntermediate spesd shall be 75% of rated speed.

4 For engines which are not designed to operate over a speed range on the full load torque
curve at steady state conditions, the intermediate speed will typically be between 60% and
70% of the maximum rated speed.

3.2.9 If an engine manufacturer applies for a new test cycle application on an engine already certified
under a different test cycle specified in 3.2.2 10 3.2.6, then it may not be necessary for that engine 1o
undergo the full certification process for the new application. In this case, the engine manufacturer may
demonstrate compliancs by recalculation, by applying the measurement results from the specific modes of
the first certification test to the calculation of the total weighted emissions for the new test cycle application,
using the corresponding weighting factors from the new test cycle.
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FANTUFACTURED ENGINES: ENGINE FAMILY

P CONCEPTS

Chapter ¢ - APPROVAL FOR
AND ENGINE GR!

I

4.1 GENERAL

411 To avoid certification testing of every engine for compliance with the NO, emission limits, one of
two approval concepts may be adopted, namely the engine family or the engine group concept.

4.1.2 The engine family concept may be applied to any series produced engines which, through their
design are proven to have similar NO, emission characteristics, are used as produced, and, during
installation on board, require no adjustments or modifications which could adversely affect the NG,
emissions.

4.1.3  The engine group concept may be applied to a smaller series of engines produced for similar engine
application and which require minor adjustments and modifications during instaflation or in service on
board. These engines are normally large power engines for main propulsion.

4.1.4 Initially the engine manufacturer may, at its discretion, determine whether engines should be
covered by the engine family or engine group concept. In general, the type of application shall be based
on whether the engines will be modified, and to what extent, after testing on a test bed.

42 DOCUMENTATION

4.2.1  All documentation for certification must be completed and suitably stamped by the duly.authorized
Authority as appropriate. This documentation shall also include all terms and conditions, including
replacement of spare parts, to ensure that the engines maintain compliance with the required emission
standards.

422 For an engine within an engine group, the required documentation necessary for the engine
parameter check method is specified in 6.2.3.6.

43  APPLICATION OF THE ENGINE FAMILY CONCEPT

431 The engine family concept provides the possibility of reducing the number of engines which must
be submitted for approval testing, while providing safeguards that all engines within the family comply with
the approval requirements. % the engine family concept, engines with similar emission characteristics.and
design are represented by a parent engine within the family.

4.3.2 Engines that are series produced and not intended to be modified may be covered by the engine
family concept.

4.3.3 The selection procedure for the parent engine is such that the selected engine incorporates those
features which will most adversely affect the NO, emission level. This engine, in general, shall have the
highest NO, emission level among all of the engines in the family.

434 Onthe baﬁis of tests and engineering judgement, the manufhcturer shall propose which engines
belong to an eagine family, which engine(s) produce the highest NO, emissions, and which engine(s) should
be selected for certification testing.
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43.5 The Administration shall review for certification approval the selection of the parent engine within
the family and shall have the option of selecting a different engine, either for approval or production
conformity testing, in order to have confidence that the complete family of engines complies with the NO,
emission lmits.

4.3.6 The engine family concept does allow minor adjustments to the engines through adjustable featurss.
Marine engines equipped with adjustable features must comply with all requirements for any adjustment
within the physically available range. A feature is not considered adjusiable if it is permanently sealed or
otherwise not normally accessible. The Administration may require that adjustable features be setto any
specification within its adjustable range for certification or in-use testing to determine compliance with the
Tequirements.

4.3.7 Before granting an engine family approval, the Administration shall take the necessary measures
to verify that adequate arrangements have been made to ensure effective control of the conformity of
production.

4.3.3 Guidelines for the Selection of an Engine Family

4.3.8.1 The engine family shall be defined by basic characteristics which must be common to all engines
within the family. In some cases there may be interaction of parameters; these effects must also be taken
into consideration to ensure that only engines with similar exhaust emission characteristics are included
within an engine family, e.g., the number of cylinders may become a relevani parameter on some engines
due 1o the aspiration or fizel system used, but with other designs, exhaust emissions characteristics may be
independent of the number of cylinders or configuration.

4.3.8.2 The engine manufacturer is responsible for selecting those engines from their different models of
engines that are to be included in a family. The following basic characteristics, but not specifications, must
be common among all engines within an engine family:

.1 combustion cycle
- Z stroke cycle
- 4 stroke cycle

.2 cooling medium
- air
- water
~oil

3 individuai cylinder displacement
- 10 be within 2 total spread of 15%

4 pumber of cylinders and cylinder configuration
- applicable in certain cases only, e.g., in combination with exhaust gas cleaning
devices '

.5 method of air aspiration
- naturally aspirated
~ pressure charged
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.6 fueltype
- distllate/heavy fuel oil
- dual fuel

.7 combustion chamber
- open charnber
- divided chamber

valve and porting, configuration, size and number
- cylinder head
- cylinder wall

o0

.9 fuel system type
- pump-line-injector
-~ in-line
- distributor
- single element
- unit injector
- gas valve

.10 miscellaneous features
- exhaust gas re-circulation
- water / emulsion injection
- air mjection
- charge cooling system
- exhaust after-treatment
- reduction catalyst
- oxidation catalyst
- thermal reactor
- particulates trap

4.3.8.3 If there are engines which incorporate other features which could be considered to affect NG,
exhaust emissions, these features must be identified and taken into account in the selection of the engines
to be included in the family.

4.3.9 Guidelines for Selecting the Parent Engine of an Engine Family

4.3.9.1 The method of selection of the parent engine for NO, measurement shall be agreed to and approved
by the Administration. The method shall be based upon selecting an engine which incorporates engine
features and characteristics which, from experience, are known to produce the highest NO, emissions
expressed in grammes per kilowatt hour (g/AWh). This requires detailed knowledge of the engines within
the family. Under certain circumstances, the Administration may conclude that the worst case NO,
emission rate of the family can best be characterised by testing a second engine. Thus, the Administration
may select an additional engine for test based upon features which indicate that it may have the highest NO,
emission levels of the engines within that family. If engines within the family incorporate other variable
feaures which could be considered to affect NO, emissions, these features must also be identified and taken
into account in the selection of the parent engine.

4.3.9.2 The following criteria for selecting the parent enging for NO, emission control shall be considered,
but the selection process must take into account the combination of basic characteristics in the engine
specification:



main selection criteria
- higher fuel delivery rate

2 supplementary selection criteria
- higher mean effective pressure
- higher maximum cylinder peak pressure
- higher charge air/ignition pressure ratio
- dp/de, the lower slope of the combustion curve
- higher charge air pressure
- higher charge air temperature

4.3.9.3 If engines within the family incorporate other variable features which may affect the NO, emissions,
these features must also be identified and taken into account in the selection of the parent engine.

4.3.10 Certification of an Engine Family

4.3.10.1 The certification shall include a list, to be prepared and maintained by the engine manufacturer
and approved by the Administration, of all engines and their specifications accepted under the same engine
family, the limits of their operating conditions and the details and Jimits of engine adjustments that may be
permitted.

4.3.10.2 A pre-certificate, or EIAPP Certificate, should be issued for 2 member engine of an entire family
in accordance with this Code which certifies that the parent engine meets the NOy, levels specified in
regulation 13 of Annex VI

4.3.10.3 When the parent engine of an engine family is tested/measured under the most adverse conditions
specified within this Code and confirmed as complying with the maximum aflowable emission limits (see
3.1}, the results of the test and NO, measurement shall be recorded in the EIAPP Certificate issued for the
particular parent engine and for all member engines of the engine family.

4.3.10.4 if two or more Administrations agree 1o accept each other’s EIAPP’s, then an entire engine
family, certified by one of these Administrations, shall be accepted by the other Administrations which
entered into that agreement with the original certifying Administration, unless the agreement specified
otherwise. Certificates issued under such agreements shall be acceptable as prima facie evidence that all
engines included in the certification of the engime family comply with the specific NO, emission
requirements. There is no need for further evidence of compliance with regulation 13 of Annex V1ifitis
verified that the installed engine has not been modified and the engine adjustment is within the range
permiited in the engine family certification.

4.3.10.5 If the parent engine of an engine family is to be certified in accordance with an aliemative
standard or a different test cycle than allowed by this Code, the manufacturer must prove to the
Administration that the weighted average NO, emissions for the appropriate test cycles fall within the
relevant limit values under regulation'13 of Annex VI and this Code before the Administration may issue
an EIAPP Certificate. ’

43.10.6 Before granting an engine family approval for new, serially produced engines, the Adminisiration
shall take the necessary measures to verify that adequate arrangements have been made to ensure effective
control of the conformity of production. This requirement may not be for families Jished
for the purpose of engine modifications on board after an EIAPP Certificate has been issued.




4.4  APPLICATION OF THE ENGINE GROUP CONCEPT

4.4.1 These are engines used primarily for main propulsion. They normally require adjustment or
meodification to suit the on-board operating conditions but which should not result in NO, emissions
exceeding the limits in 3.1 of this Code.

4.4.2  The engine group concept also provides the possibility for a reduction in approval testing for
modifications to engines i production or in service.

4.4.3 In general, the engine group concept may be applied to any engine type having the same design
features as specified in 4.4.5, but individual engine adjustment or modification after fest bed measurement
is aliowed. The range of engines in an engine group and choice of parent engine shall be agreed 1o and
approved by the Administzation.

4.4.4  Theapplication for the engine group concept, if requested by the engine manufacturer or another
party, shall be considered for certification approval by the Administration. If the engine owner, with or
without technical support from the engine manufacturer, decides to perform modifications on a mumber
of similar engines in the owner’s fleet, the owner may apply for an engine group certification. - The engine
group may include a test engine on the test bench. Typical applications are similar modifications of similar
engines in service or similar engines in similar operational conditions.

4.4.5  Guidelines for the Selection of an Engine Group

4.4.5.1 The engine group may be defined by basic characteristics and specifications in addition to the
parameters defined in 4.3.8 for an engine family.

4.4.5.2 The following parameters and specifications must be common to engines within an engine group:
1 bore and stroke dimensions,
2 method and design features of pressure charging and exhaust gas system,
- constant pressure

- pulsating system

3 method of charge air cooling system,
- with/without charge air cooler

4 design features of the combustion chamber that effect NO, emission,

5 design features of the fuel injection system, plunger and injection cam which may profile
basic characteristics that effect NO, emission, and

6 maximum rated power per cylinder at maximum rated speed. The permitted range of
derating within the engine group shall be declared by the manufacturer and approved by
the Administration.

r



4.4.5.3 Generally, if the parameters requirsd by 4.4.5.2 are not common to all engines within 2 prospective
engine group, then those engines may not be considered as an engine group. However, an engine groun
may be accepted if only cne of those parameters or specifications is not common for all of the engines
within a prospective engine group provided the engine manufacturer or the shipowner can, within the
Technical File, prove to the Administration that such a transgression of that one parameter or specification
would still result in all engines within the engine group complying with the NO, smission fimits.

4.4.6 Guidelines for Allowabie Adjustment or Modificatien within an Engine Group

4.4.6.1 Minor adjustments and modifications in accordance with the engine group concept are allowed afier
pre-certification or final test bed measurement within an engine group upon agreement of the parties
concemed and approval of the Administration, if.

1 an inspection of emission-relevant engine parameters and/or provisions of the on-board
NO; verification procedures of the engine and/or data provided by the engine manufacturer
confirm that the adjusted or modified engine complies with the applicable NO, emission
Timits. The engine test bed results on NO, emissions should be accepted as an option for
verifying on-board adjustments or modifications to an engine within an engine group, or

2 on-board measurement confirms that the adjusted or modified engine complies with the
applicable NO, emission limits.

4.4.6.2 Examples of adjustments and modifications within an engine group that may be permitted, but are
not limited to those described below:

1 For on-board conditions, adjustment of:
- injection timing for compensation of fuel property differences,
- injection timing for optimization of maximum cylinder pressure,
- fuel delivery differences between cylinders.

2 For performance optimization, modification of:
- turbecharger,
~ injection pump components,
- plunger specification
- delivery valve specification
- injection nozzles,
~ cam profiles,
- intake and/or exhaust valve
- injection carm
- combustion chamber.

4.4.6.3 The above examples of modifications after a test-bed trial concern essential improvements of
components or engine performance during the life of an engine. This is one of the main reasons for the
existence of the engine group concept. The Administration, upon application, may accept the results from
a demonstration test carried out on one engine, possibly a test engine, indicating the effects of the
modifications on the NG, level which may be accepted for all engines within that engine group without
requiring certification measurements on each engine of the group.



4.4.7 f the Parent Engine of an Eagine Sroup
The selection of the parent engine shall be iit accordance with the criteria in 4.3.9, as applicable. Itisnot
always possible to select a parent engine from small volume production engines in the same way as the
mass produced engines (engine family). The first engine ordered may be registered as the parent engine.
The method used to select the parent engine e represent the sngine group shall be agreed to and approved
by the Administration.



5.1.1  This procedure shall be applied to every initial approval testing of a marine engine regardless of the
location of that testing (the methods described in 2.1.2.1 and 2. 1.2.2).

5.1.2 This chapter specifies the measurement and calculation methods for gaseous exhaust emissions
from reciprocating internal combustion engines (RIC engines) under steady-state conditions, necessary for
determining the average weighted value for the NO, exhaust gas ermission,

5.1.3  Many of the procedures described below are detailed accounts of laboratory methods, since
determining an emissions value requires performing a complex set of individual measurements, rather than
obtaining a single measured value. Thus, the results obtained depend as much on the process of performing
the measurements as they depend on the engine and test method.

5.1.4  This chapter includes the test and measurement methods, test run and test report as a procedure for
atest bed measurement.

5.1.5 In principle, during emission tests, an engine shall be equipped with its auxiliaries in the same
manner as it would be used on board.

5.1.6  For many engine types within the scope of this Code, the auxiliaries which may be fitted to the
engine in service may not be known at the time of manufacture or certification. It is for this reason that the
emissions are expressed on the basis of brake power as defined in 1.3.13.

5.1.7 When it is not appropriate to test the engine under the conditions as defined in 5.2.3, e.g., if the
engine and transmission form a single integral unit, the engine may only be tested with other auxiliaries
fiited.” In this case the dynamormeter settings shall be determined in accordance with 5.2.3 and 5.9. The
auxiliary losses shall not exceed 5% of the maximum observed power. Losses exceeding 5% shall be
approved by the Adminisiration involved prior to the test.

5.1.8  All volumes and volumetric flow rates shall be related to 273 K. (0°C) and 101.3 kPa.

5.1.9  Except as otherwise specified, all results of measurements, test data or calculations required by this
chapter shall be recorded in the engine’s test report in accordance with 5.10.

5.2 TEST CONDITIONS
5.2.1 Test condition parameter and test validity for engine family approval
Parameter £, shall be determined according to the following provisions:

1 naturally aspirated and mechanically supercharged engines:

07 o
T
- (gg) . ( ) @
2, 298
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2 turbocharged engine with or without cooling cf the intake air:
P o7z, ) ” @
“ 7, 208 )

and, for a test to be recognized as valid, parameter £, shall be such that:

0.98£,21.02 )

5.2.2 Engines with i:hmrge air cooling

5.2.2.1 The temperature of the cooling medium and the terperature of the charge air shall be recorded.
The cooling system shall be set with the engine operating at the reference speed and load. The charge air
temperature and cooler pressure drop shail be set to within = 4 X and # 2 kPa, respectively, of the
manufacturer’s specification.

5.2.2.2 All engines when equipped as intended for instaflation on board ships must be capable of operating
within the allowable NO, emission levels of regulation 13(3) of Annex VI at an ambient seawater
temperature of 25°C.

52.3 Power

5.2.3.1 The basis for the measurement of specific emissions is uncorrected brake power.

5.2.3.2 Auxiliaries not necessary for the operation of the engine and which may be mounted on the engine
may be removed for the test. See also 5.1.5 and 5.1.6.

5.2.3.3 Where non-essential auxiliaties have not been removed, the power absorbed by them at the test
speeds shall be determined in order to calculate the uncorrected brake power in accordance with
formula (18). See also 5.12.5.1.
5.2.4 Engine air inlet system
The test engine shall be equipped with an air inlet system which provides an air inlet restriction, specified

by the manufacturer, to represent an unfouled air cleaner at the engine operating conditions, as specified
by the manufactorer, and which results in maximun: air flow in the respective engine application.

525 Engine exhaust system

The test engine shall be equipped with an exhaust system which provides an exhaust back pressure as
specified by the manufacturer at the engine operating conditions and which results in the maximum
declared power in the respective engine application.

5.2.6 Cooling system

An engine cooling system with sufficient capacity to maintain the engine at normal operating temperatures
as specified by the manufacturer shall be used.
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8.2.7 Laubricating oil

Specifications of the lubricating oil used for the test shall be recorded.

5.3 TEST FUELS

5.3.1 Fuel characteristics may influence the engine exhanst gas emission. Therefore, the characteristics
of the fuel used for the test shall be determined and recorded. Where reference fuels ars used, the reference
code or specifications and the analysis of the firel shall be provided.

5.3.2  The selection of the fuel for the test depends on the purpose of the test. Uniless otherwise agreed
by the Administration and when 2 suitable reference fuel is not available, a DM-grade marine fuel specified
n IS0 8217, 1996, with properties suitable for the engine type, shall bs nsed.

533 The fuel temperature shall be in accordance with the manufacturer’s recommendations. The fuel
temperature shall be measured at the inlet to the fuel injection pump or as specified by the manufacturer,
and the temperature and location of measurement recorded.

5.4 MEASUREMENT EQUIPMENT

5.4.1 The emission of gaseous components by the engine submitted for testing shall be measured by
methods as analysers, whose specifications are set out in appendix 3 of this Code.

5.4.2  Other systems or analysers may, subject to the approval of the Administration, be accepted if they
yield equivalent results to that of the equipment referenced in 5.4.1.

5.4.3 This Code does not contain details of flow, pressure, and temperature measuring equipment.
Instead, only the accuracy requirements of such equipment necessary for conducting an emissions test are
given in 1.3.1 of appendix 4 of this Code.

544 Dymamometer specification

5.4.4.1 An engine dynamometer with adequate characteristics to perform the appropriate test cycle
described in 3.2 shall be used.

5.4.4.2 The instrumentation for torque and speed measurement shall allow the measurement of the shaft
power over the range of the test bed operations as specified by the manufacturer. If this is not the case, then
additional calculations shall be required and recorded.

5.4.4.3 The accuracy of the measuring equipment shall be such that the maximum tolerances of the values
given in 1.3.1 of appendix 4 of this Code are not exceeded.

55 DETERMINATION OF EXHAUST GAS FLOW
The exhaust gas flow shall be determined by one of the methods specified in 5.5.1, 5.5.2, or 5.3.3.
55.1  Direct measurement method

This method involves the direct measurement of the exhaust flow by flow nozzle or equivalent metering
system and shall be in accordance with a recognized infernational standard.
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Mote: -Direct gaseous flow measurement is a difficult task. Precautions should be taken -tc avoid
measurement errors which will impact emission value errors.

5,52 Air and fuel measurement method

3.5.2.1 The method for determining exhaust emission flow using the air and fuel measurement method
shall be conducted in accordance with a recognized intemational standard.

5.5.2.2 Air flowmeters and fuel flowmeters with an accuracy defined in 1.3.1 of appendix 4 of this Code
shall be used.

5.5.2.3 The exhaust gas flow shall be caleulated as follows:

1 Comw  Camw  Crm {for wet exhaust mass) *)
or

2 Vewan VAL’ZD Fr * Grumr, (for dry exhaust volume) )
or

3 Veaw  Vamwr Frv © Crm, (for wet exhaust volume) ©)

Neote: Values for Fyp and Fry vary with the fuel type (see table 1 of appendix 6 of this Code)
553 Carbon balance method

This method involves exhaust gas mass flow calculation from fuel consumption and exhaust gas
eoncentrations using the carbon and oxygen balance method as specified in appendix & of this Code.

5.6 PERMISSIBLE DEVIATIONS OF INSTRUMENTS FOR ENGINE RELATED
PARAMETERS AND OTHER ESSENTIAL PARAMETHERS

The calibration of all measuring instruments shall be traceable to recognized international standards and
shall comply with the requirements as set outin 1.3.1 of appendix 4 of this Code. .

5.7 ANALYSERS FOR DETERMINATION OF THE GASEQUS COMPONENTS

The analysers to determine the gaseous components shall meet the specifications as set out in appendix 3
of this Code.

5.8 CALIBRATION OF THE ANALYTICAL INSTRUMENTS

Each analyser used for the measurement of an engine’s parameters, as discussed in appendix 3 of this Code,
shall be calibrated as often as necessary as set out in appendix 4 of this Code.



53 TEST RUP
551 General

5.9.1.1 Detailed descriptions of the recommended sampling and analysing systems are contained in 5.9.2
10 5.9.4. Since various configurations may produce equivalent results, exact conformance with these
figures is not required. Additional components, such as mstruments, valves, solenoids, pumps, and
switches, may be used to provide additional information and coordinate the fimctions of the component
systems. Other components which are not needed to maintain the accuracy on some systems, may be
excluded if their exclusion is based upon good engineering judgement.

5.9.1.2 The settings of inlet restriction and exhaust back pressure shall be adjusted to the upper limits as
specified by the manufacturer in accordance with 5.2.4 and 5.2.5, respectively.

5.9.2 Main exhaust components to be analysed

5.9.2.1 An analytical system for the determination of the gaseous emissions (CO, CC,, HC, NO,, 0,) in
the raw exhaust gas shall be based on the use of the following analysers:

Bt HFID znalyser for the measurement of hydrocarbons;
2 NDIR analyser for the measurement of carbon monoxide and carbon dioxide;
3 HCLD or equivalent analyser for the measurement of nitrogen oxides; and

4 PMD, ECS or ZRDO for the measurement of oxygen.

5.9.2.2 Forthe raw exhaust gas, the sample for all components may be taken with one sampling probe or
with two sampling probes located in close proximity and internally split to the different analysers. Care
must be taken that no condensation of the exhaust components (including water and sulphuric acid) oecurs
at any point of the analytic system.

5.9.2.3 Specifications and calibration of these analysers shall be as set out in appendices 5 and 6 of this
Code, respectively.

593 S limg for

5.9.3.1 The sampling probes for the gaseous emissions shall be fitted at least 0.5m or 3 times the diameter
of the exhaust pipe - whichever is the larger - upstrear of the exit of the exhaust gas system, as far as
practicable, but sufficiently close to the engine so as to ensure an exhaust gas temperature of at least 343 K.
(70°C) at the probe. .

5.9.3.2 Inthe case of a multi-cylinder engine with a branched exhaust manifold, the inlet of the probe shall
be located sufficiently far downstream so as 10 ensure that the sample is representative of the average
exhaust emission from all cylinders. In multi-cylinder engines having distinct groups of manifolds, such
as in a "Vee" engine configuration, it is permissible to acquire a sample from each group individually and
calculate an average exhaust emission. Other methods which have been shown 1o correlate with the above
methods may be used. For exhaust emnission calculation, the total exhaust mass flow must be used.

5.9.3.3 If the composition of the exhaust gas is influenced by any exhaust afier-treatment system, the
exhaust sample must be taken downstream of this device.



59.4 Checking of the analysers
The emissicn analysers shall be st at zero and spanned.
595 Test cycles

All engines shall be tested in accordance with the test cycles as defined in 2.2, “This takes into account the
variations in engine application.

59.6 Test sequence

5.2.6.1 After the procedures in 5.9.1 10 5.9.5 have been completed, the test sequence shall be started. The
engine shall be operated in each mode in accordance with the appropriate test cycles defined in 3.2.

5.9.6.2 During each mode of the test cycle after the initial transition period, the specified speed shall be
held to within = 1% of rated speed or = 3 min”, whichever is greater, except for low idle which shall be
within the tolerances declared by the manufacturer. The specific torque shall be held so that the average,
over the period during which the measurements are to be taken, is within = 2% of the maximum torque at.
the test speed.

5.5.7 Analyser response
The output of the analysers shall be recorded, both during the test and during all response checks (zero and

span), on. a strip chart recorder or measured with an equivalent data acquisition systeih with the exhaust
gas flowing through the analysers at least during the last ten minutes of each mode.

59.8 Engine conditions

The engine speed and load, intake air temperarure and fisel flow shall be measured at each mode once the
engine has been stabilised. The exhaust gas flow shall be measured or calculated and recorded.

599 Re-checking the ;;malysen-s

Affer the emission test, the calibration of the analysers shall be re-checked using a zero gas and the same
span gas as used prior to the measuremenis. The test shall be considered acceptable if the difference
between the two calibration results is less than 2%.

510 TEST REPORT

5.10.1 For every engine tested for pre-certification or for initial certification on board without
pre-certification, the engine manufacturer shall prepare a test report which shall contain, as 2 mininaum,
the data as set out in appendix 5 of this Code. The original of the test report shall be maintained on file with
the engine manufacturer and a certified true copy shall be maintained on file by the Administration.

5.10.2 Thetest report, either an original or certified true copy, shail be attached as a permanent part of an
engine’s Technical File.



5§11 DATA EVATUATION FOR

[

ASEQOUS EMISSIONS

For the evaluation of the gaseous emissions, the chart reading of the last 60 seconds of each mods shall be
averaged, and the average concentrations (conc) of CO, C0,, HC, NO, and 0. during each mode shall be
determined from the average chart readings and the corresponding calibration data.

.12 CALCULATION OF THE GASEQUS EMISSIONS

The final results for the test report shall be determined by following the steps in 5.12.1 0 5.12.4.

5.12.1 Determination of the exhaust gas flow

The exhaust gas flow vate (Geamw, Visews OF Viam) shall be determined for each mode in accordance with
one of the methods described in 5.5.1 t0 5.5.3.

5.12.2 Dry/wet correction

When applying G OF Vi, the measured concentration, if not already measured on a wet basis, shall
be converted to a wet basis according to the following formulae,

conc (wet) Ky« cone (d) G

5.12.2.1 For the raw exhaust gas:

G
x,, (1 FFHEF_U&_] z,, ®
ARD
1.608 - H
Epy 2 ®

1000 (1.508 -#,)

6.220 -R,p, a0
Py PoRs107

with:
H,H = g water per kg dry air
R, = relative humidity of the intake air, %
Da = saturation vapour pressure of the intake air, kPa

Ps = total barometric pressure, kPa

Note: Formulae using Fyy, are simplified versions of those quoted in section 3.7 of appendix 6 of this Code
(formulae (2-44) & (2-45)) which when applied give comparable results to those expected from the full
formulae.
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51222 Alternativeiy:
&y, Y — &, (an
"1 Hipp0.005 <(%CO (dry)  %CO L))
5.12.2.3 Forthe intake air:
Ky, 1 Kp (12}

5.12.2.4 Formula (8) shall be accepted as the definition of the fuel specific factor F;. Defined this way,
Fry is a value for the water content of the exhaust in relationship to the fizel to air ratio.

5.12.2.5 Typical values for Fy may be found in table 1 of appendix 6 of this Code. Table 1 of appendix
6 of this Code contains a list of Fgy values for different fuels. Fyy; does not only depend on the fuel
specifications, but also, 1o a lesser degree, on the fuelto air ratio of the engine.

5.12.2.6 Section 390f appendix 6 of this Code contains formulae for calculating Fry from the hydrogen
content of the fuel and the fuel to airratio.

5.12.2.7 Foumula (8) considers the water from the combustion and from the intake air to be independent
from each other and to be additive. Formula (2-45) in section 3.7 of appendix 6 of this Code shows that
the two water terms are not additive. Formula (2-45) is the correst version but it is very complicated and,
therefore, the more practical formulae (8) & (11) shall be used.

5.12.3 NO; correction for humidity and temperature

5.12.3.1 Asthe NO, emission depends on ambient air conditions, the NG, concentration shall be corrected
for ambient air teraperature and humidity by multiplying with the factors given in formulae (13) and (14).

5.12.3.2 The standard value of 10.71 g/kg at the standard reference temperature of 25°C shall be used for
all calcnlations involving humidity correction throughout this Code. Other reference values for humidity
instead of 10.71 g/kg must not be nsed.

5.12.3.3 Other correction formulae may be used if they can be justified or validated upon agreement of
the parties involved and if approved by the Administration. :

5.12.3.4 Water or steam injected into the air charger (air humidification) is considered an emission control
device and shall therefore not be taken imio accomt for humidity correction. Water that condensates in the
charge cooler may change the humidity of the charge air and shall therefore be taken into account for
bumidity correction.

3.12.3.5 Diesel engines in general

For diesel engines in general, the following formula for calculating Kypps shall be used:

: a3
1. A4-H, 10.71) B-(F, 298)

K rmies

where:
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5.12.3.8
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0.309 Gz / Gugp - 0.0266
-0.209 Geug / Gigep - 0.00954
temperature of the air in K.

bumidity of the intake air, g water per kg dry air (a5 determined by formula (16))

Diesel engines with intermediate air coolers

For diesel engines with intermediate air coolers, the following altemative formula (14) shall be used:

3

, .
-

(14
SHDES 75012 “(H, 10.71) 0.00275 (T, 298) 0.00285 - (T Toop,?
where:
Tee = Temperature of the intercooled air
Tscree = Reference temperature of the intercooled air corresponding to a seawater

temperature of 25°C. The Tz, 10 be specified by the manufacturer
To take the humidity in the charge air into account, the following consideration is added.
Hse = humidity of the charging air, g water per kg dry air in which:
Hsc=6.220"Psc 100/ (PC - Psc)
where:
Psc = saturation vapour pressure of the charging air, kPa
PC = charging air pressure, kPa

1 Ha > Hsc, then Hsc shall be used in place of Ha in formula (14). In this case, Gy in
5.5.2.3 shall be corrected as follows:

G comeed™ Crmws 52 " (1 - (Ha - Hsc) / 1000))

If Ha < Hsc, then Ha in formula (14) shall be nsed as it is.

Nete: For an explanation of the other variables, see formula (13).

5.12.4 Caleulation of the emission mass flow rates

5.12.4.1 The emission mass flow rates for each mode shall be calculated as follows (for the raw exhaust

gas):
Gas mass = u sconc o Ggygy (15
or
Gas mass = v o conc » Vagr, (16)
or
an

Gas mass =w o conc * Vo
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-4.2 The coefficients u-wet, v-dry and ww-wet shall be used as specified in table 5.

3

Tabie 8. Ceefficlents n, v, w

Gas u v W eone
NO, 0.001587 0.002053 0.002053 ppm
CcC 0.000966 0.00125 0.00125 ppm
HC 0.000472 - 0.000619 ppm
CGC, 15.18 19.64 19.64 | percent
0O, 11.05 14.29 14.29 percent

Mote: The coefficients for u given in table 5 are correct values for an exhaust density of 1.293 only; for
exhaust density = 1.293, u= w/ density. .

5.12.5 Calculation of the specific emissions
5.12.5.1 The emission shall be calculated for all individual components in the following way:

T Moy Py, :
G4s, = = (13

where:
Py =Py, + Py

5.12.5.2 The weighting factors and the number of modes (n) used in the above calculation are according
to the provisions of 3.2.

5.12.5.3 The resulting average weighted NO, emission value for the engine as determined by formula (18)
shall then be compared to figure 1 in 3.1 to determine if the engine is in compliance with regulation 13 of
Anpex VI



Chapter 6 - PROCEDURE
LIMITS ON BOARD

6.1 GENERAL

After installation of a pre-certificated engine on board a ship, every marine diesel engine shall have on-
board verification surveys conducted as specified in 2.1.1.2 10 2.1.1.4 to verify that the engines continue
to comply with the NO, emission limits contained in regulation 13 of Annex VI Such verification of
compliance shall be determined by using one of the following methods:

i engine parameter check method in accordance with 6.2 to verify that an engine’s
component, settings and operating values have not deviated from the specifications in the
engine’s Technical File;

2 simplified measurement method in accordance with .3; or

3 the direct measurement and monitoring method in accordance with 2.3.4, 2.3.5, 2.3.7,
23.8,2.3.11,2.4.4, and 5.5.

6.2 ENGINE PARAMETER CHECK METHOD
6.2.1 General
6.2.1.1 Engines that meet the following conditions shall be eligible for an engine parameter check method:

1 engines that have received a pre-certificate (EIAPP Certificaic) on the test bed and those
that received a certificate (IAPP Certificate) following an initial certification survey; and

2 engines that have undergone modifications or adjustments to the designated engine
components and adjustable features since they were last surveyed.

6.2.1.2 An engine parameter check method shall be conducted on engines, subject to 6.2.1.1, whenever
there is a change of components and/or adjustable features of the engine that affect NO, emission levels.
This method shall be used to confirm compliance with the NO, emission limits. Engines instailed in ships
shall be designed in advance for an easy check of components, adjustable features and engine parameters
that affect NO, emission levels.

6.2.1.3 In addition, when a diesel engine is designed to run within the prescribed NO,, emission lirnits, it
is most likely that within the marie life of the engine, the NO, emission limits may be adhered to. The
prescribed NO, emission limits may, however, be contravened by adjustments or modification to the
engine. Therefore, an engine parameter check method shall be used to verify whether the engine is still
within. the prescribed NO, emission limits.

6.2.1.4 Engine component checks, including checks of settings and an engine’s operating values, are
intended to provide an easy means of deducing the emissions performance of the engine for the purpose
of verification that an engine with no, or minor, adjustments or modifications complies with the applicable
NO, emission limits. ’

6.2.1.5 The purpose of such checks is to provide a ready means of determining that an engine is correctly
adjusted in accordance with the manufacturer’s specification and remains in a condition of adjustment
consistent with the mitial certification by the Administration as compliant with regulation 13 of Annex VL



If an elecironic engine management system is emploved, this shall be evaluated against the original
gs 10 ensure that appropriate parameters are operating within "as-built" limits.

6.2.1.7 For the purpose of assessing compliance with regulation 13 of Annex VI, it is not always necessary
to measure the NO, level to know that an engine, not equipped with an after-treatment device, is likely to
comply with the NO, emission limits. It may be sufficient to know that the present state of the engine
corresponds to the specified components, calibration or parameter-adjustment state at the time of initial
certification. If the results of an engine paramster check method indicate the likelihood that the engine
complies with the NO, emission Jimits, the engine may be re-certified without direct NO, measurement.

6.2.1.8 For engines equipped with after-ireatment devices, it will be necessary to check the operation of
the after-treatrnent device as part of the parameter check.

6.2.2 Procedures for an engine parameter check method
6.2.2.1 An engine parameter check method shall be carried out using the two procedures as follows:

.1 z documentation inspection of engine parameter(s) shall be carried out in addition to other
inspections and include inspection of record beoks covering engine parameters and
verification that engine parameters are within the allowable range specified in an engine’s
Technical File; and

2 an actual inspection of engine components and adjustable features shall be carried out in
addition to the documentation inspection as necessary. It shall then be verified, referring
to the results of the documentation inspection, that the engine adjustable features are within
the allowable range specified in an engine’s Technical File.

operaiing values to ensure that the engine with no, or minor, adjustments or modifications complies with
the applicable emission Hmits and that only components of the current specification are being used. Where
adjustments and/or modifications in a specification are referenced in the Technical File, they must fall
within the range recommended by the manufacturer and approved by the Administration.

6.2.3 Documentation for an engine parameter check method

6.2.3.1 Every marine diesel engine shall have a Technical File as required in 2.3.6 which identifies the
engine’s components, settings or operating values which influence exhaust emissions and must be checked
0 ensure compliance. .

6.2.3.2 Shipowners or persons responsible for ships equipped with diesel engines required to undergo an
engine parareter check method shall maintain on board the following documentation in relation to the on~
board NO, verification procedures:

1 a record book of engine parameters for recording of all the changes made relative to an
engine’s components and setiings;

2 an engine parameter list of an engine’s designated components and settings and/or the
documentation of an engine’s load-dependent operating values submitted by an engine
manufacturer and approved by the Administration; and

3 technical documentation of an engine component modification when such a modification
is made tc any of the engine’s designated engine components.
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.2.2 Racord book of engine paramaters

Descriptions of any changes affecting the designated engine parameters, including adjustments, paris
replacements and modifications to engine parts, shail be recorded chronologically in an engine’s record
book of engine parameters. These dsscriptions shall be supplemented with any other applicable data used
for the assessment of the engine’s NO, levels.

6.2.3.4 List of NO, influencing parameters sometimes modified on board

6.2.3.4.1 Dependent on the specific design of the particular engine, different NO, influencing modifications
and adjustments are possible and usual. These include the engine parameters as follows:

injection timing,

injection nozzle,

injection pump,

fuel cam,

injection pressure for comumon rail systems,

combustion chamber,

compression ratio,

turbocharger type and build,

charge air cooler, charge air pre-heater,

10 valve timing,

11 NO, abatement equipment “water injection”,

.12 NO, abatement equipment “emulsified fuel” (fuel water enmlsion),
.13 NO, abatement equipment “exhanst gas recirculation”,

14 NO, abatement equipment “selective catalytic reduction™, or
15 other parameter(s) specified by the Administration.

Lo R W

6.2.3.4.2 The actual Technical File of an engine may, based on the recommendations of the engine
manufacturer and the approval of the Administration, include less components and/or parameters than
discussed above depending on the particular engine and the specific design.

6.2.3.5 Check list for the engine parameter check method

For some parametess, different survey possibilities exist, Approved by the Administration, the ship
operator, supported by the engine manufacturer, may choose what method is applicable. Any one of, or
a combination of, the methods listed in appendix 7 of this Code may be sufficient to show compliance.

6.2.3.6 Technical d ion of emgine comp medification

Technical documentation for inclusion in an engine's Technical File shall inchude details of modification
and their influence on NG, emissions, and it shail be supplied at the time when modifications are carried
out. Test bed data obtained from a later engine, which is within the applicable range of the engine group
concept, may be accepted. '

6.2.3.7 Imitial condition of engine components, adjustable features and parameters

An engne’s Technical File shall contain all applicable information, relevant to the NO, emission
performance of the engine, on the designated engine’s components, adjustable features and parameters at
the time of the engine’s pre-certification (EIAPP Certificate) or inifial certification (IAPP Certificate),
whichever occurred first.
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5.3 SIMPLIFIED MEASUREMEN
6.3.1 Ceneral

6.3.1.1 The following simplified test and measurement procedure specified in this section shall be applied
only for on-board confirmation tests and periodical and intermediate surveys when required. Every first
engine testing on a test bed shall be carried out in accordance with the procedure specified in chapter 5
using a DMi~grade marine diesel fuel. Corrections for ambient air temperature and humidity in accordance
with 5.12.3 are essential as ships are sailing m cold/hot and dry/humid climates, which may cause a
difference in NO, emissious.

6.3.1.2 To gain meaningful results for on-board confirmation tests and on-board periodical and
intermediate surveys, as an absolute minimum, the gaseous emission concentrations of NO,, together with
0, and/or CO, and CO, shall be measured in accordance with the appropriate test cycle. The weighting
factors (Wy) and the number of modes {n) used in the calculation shall be in accordance with 3.2.

6.3.1.3 The engine torque and engine speed shall be measured but, to simplify the procedure, the
permissible deviations of instruments (see 6.3.7) for measurement of engine-related parameters for on
board verification purposes is different than from those permissible deviations allowed under the test bed
testing method. Ifit is difficult to measure the torque directly, ihe brake power may be estimated by any
other means recommended by the engine manufacturer and approved by the Adminisiration.

6.3.1.4 In practical cases, it is often impossible to measure the feel consumption once an engine has been
installed on board a ship. To simplify the procedure on board, the results of the measurement of the fuel
consumption from an engine’s pre-certification test bed testing may be accepted. In such cases, especially
concermning heavy fuel operation, an estimation with a corresponding estimated error shall be made. Since
the oil fuel flow rate used in the calculation (G ) maust relate to the ol fuel composition determined in
tespect of the fuel sample drawn during the test, the measurement of Gy from the test bed testing shall
be corrected for any difference in net calorific values between the test bed and test oil fuels. The
consequences of such an error on the final emissions shall be calculated and reported with the results of the
emission measurement.

6.3.1.5 Except as otherwise specified, all results of measurements, test data or calculations required by this
chapter shall be recorded in the engine’s test report in accordance with 5.10.

6.3.2 Engine parameters to be measured and recorded

Table 6 lists the engine pérameters that shall be measured and recorded during on-board verification
procedures.



Table 6. Engine parameters 0 be measured and racorded
Symbel Parameter 9imenséoﬂ

by specific fuel consumption (if possibie) (at the i* mode during the cycle) | kg/kWh

H absolute humidity kg
(mass of engine intake air water content related to mass of dry air)

Ng; engine speed (at the i* mode during the cycle) min™

s turbocharger speed (if applicable) (at the i*mode during the cycie) min™

Ds total barometric pressure kPa
(In ISO 3046-1, 1995: p, = Px = site ambient total pressure)

D air pressure after the charge air cooler (at the i mode during the cycle) | kPa

P, brake power (at the i* mode during the cycle) xW

s fuel rack position (of each cylinder, if applicable) (at the i® mode during
the cycle)

T, temperature 21 air inlet (in ISO 3046-1, 1995: T, = TTx = site ambient K
thenmodynamic ait temperature)

Tias air temperature after the charge air cooler (if applicatle) (at the i* mode | K.
during the cycle)

Totin Coolant temperature inlet K

Teion Coolant temperature outlet X

Trw Exhaust Gas Temperature at the sampling point (at the i* mode during K
the cycle)

Trua Fuel oil temperature before the engine K

Tsea Sea water temperature K

Totowin | Lubricating oil temperature, outlet / inlet K

633 Brake pewer

6.3.3.1 The point regarding the ability to obtain the required .data during on-board NO, testing is
particularly relevant to brake power. Although the case of directly coupled gearboxes is considered in
chapter 5, the engines, as may be presented on board, could in many applications, be arranged such that
the measurements of torque (as obtained from a specially installed sirain gauge) may not be possible due
to the absence of a clear shaft. Principal in this group would be generators, but engines may also be
coupled to pumps, hydraulic units, compressors, etc.

6.3.3.2 The engines driving such machinery would typically have been tested against a water brake at the
manufacture stage prior to the permanent connection of the power consuming unit when installed on board.
For generators this should not pose a problem to use voltage and amperage measurements together with
amanufacturer’s declared generator efficiency. For propeller law governed equipment, a declared speed



power curve may be applied together with ensured capability to measure engine speed, sither fom ths free
end or by ratio of, for example, the camshaft speed.

6.2.4 Test fuels

6.3.4.1 Generally all emission measurements shall be carried out with the engine running on marine diesel
fuel oil of an 150 8217, 1996, DMi-grade.

6.3.4.2 To avoid an unacceptable burden to the shipowner, the measurements for confirmation tests or re-
surveys may, based on the recommendation of the engine manufacturer and the approval of the
Administration, be allowed with an engine running on heavy fuel oil of an ISC 8217, 1996, RM-~grade. In
such a case the fuel bound nitrogen and the ignition quality of the fuel may have an influence on the NO,
ermissions of the engine.

6.3.5 Sampling for g

6.3.5.1 The general requirements described in 5.9.3 shall be applied for on-board measurements as weil.
6.3.5.2 The installation on board of all engines shail be such that these tests may be performed safely and
with minimal interference to the engine. Adequate arrangements for the sampling of the exhaust gas and
the ability to obtain the required data shall be provided on board a ship. The uptakes of all engines shatl
be fiited with an accessible standard sampling poin.

6.3.6 Measurement equipment and data te be measured

The emission of gaseous pollutants shall be measured by the methods described in chapter 5.

6.3.7 Permissible deviatiom of instr for emgine related parameters and other essential
parameters

Tables 3 and 4 contained in paragraph 1.3.2 of appendix 4 of this Code list the permissible deviation of
instruments to be used in the measurement of engine-related parameters and other essential parameters
during on-board verification procedures.

6.3.8 Determination of the g ts

The analytical measuring equipment and the methods described in chapter 5 shall be applied.

6.3.9 Test cycles
6.3.9.1 Test cycles used on board shall conforin to the applicable test cycles specified in 3.2.

6.3.9.2 Engine operation on board under a test cycle specified in 3.2 may not always be possible, but the
test procedure shall, based on the recommendation of the engine manufacturer and approval by the
Administration, be as close as possible to the procedure defined in 3.2. Therefore, values measured in this
case may not be directly comparable with test bed results because measured values are very much
dependent on the test cycles.

6.3.9.3 If'the number of measuring points on board is different than those on the test bed, the measuring
points and the weighting factors shall be in accordance with the recommendations of the engne
manufacturer and approved by the Administration.



6,3.10 Calcularion of zaseon

W

The calculation procedure specified in chapter 5 shall be applied, taking into account the special
requirements of this simplified measurement procedure,

6.3.11 Ajlowances

6.3.11.1 Due to the possible deviations when applying the simplified measurement procedures of this
chapter on board a ship, an allowance of 10% of the applicable limit value may be accepted for
confirmation tests and periodical and intermediate surveys only.

6.3.11.2 The NO, emission of an engine may vary depending on the ignition quality of the fuel and the fuel
bound nifrogen. ¥ there is insufficient information available on the nfluence of the ignition quality on the
NO, formation during the combustion process and the fuel bound nitrogen conversion rate also depends
on the engine efficiency, an allowance of 10% may be granted for an on-board test run carried out on a
RM-grade fuel (ISO 8217, 1996) except that there will be no allowance for the pre-certification test on
board. The fuel oil used shall be analysed for its composition of carbon, hydrogen, nitrogen, sulphur and,
to the extent given in ISO 8217, 1996, any additional components necessary for a ciear specification of the
fuel.

6.3.11.3 Inno case shall the total granted allowance for both the simplification of measurements on board
and the use of heavy fuel oil of an ISO 8217, 1996, RM-grade fuel, exceed 15% of the applicable limit
value.



Form of ELAPP Certificate
(Refer 10 2.2.9 of the NO, Technical Code)

ENGINE INTERMATIONAL ATR POLLUTION PREVENTION CERTIFICATE
Issued under the provisions of the Protocol of 1997 to the International Convention for the Prevention

of Pollution from Ships, 1973, as modified by the Protocol of 1978 related thersto (hersinafier referred
to as "the Convention") under the authority of the Government of:

(full designation of the country)

(full designation of the comp  person or o
authorized under the provisions of the Convention)
Engine Model Serial Test Rated Power (KW) Engine
Mamufacturer b b Cycle(s) | and Speed (RPM) Approval
number
THES IS TO CERTIFY:
1 That the above-mentioned marine diesel engine has been surveyed for pre-certification in
accordance with the requirements of the Technical Code on Contol of Emission of Nitrogen
Oxides from Marine Diesel Engines made mandatory by Ammex VI of the Convention; and
2. That the pre-certification survey shows that the engine, its components, adjustable features, and

Technical File, prior to the engine’s installation and/or service on board a ship, fully comply with
the applicable reguiation 13 of Armex VI of the Convention. '

This certificate is valid for the life of the engine subject to surveys in accordance with regulation 5 of Annex
V1 of the Convention, installed in ships under the authority of this Government.

Issued at
. (Place of issue of certificate)

(Date of issue) (signature of duty authorized official
issuing the certificate)

(Seal or Stamp of the authority, as appropriate)
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Suppiement {o Engine International Air Pollution Prevention Ca
EIAPP Certificate

RECORD OF CONSTRUCTION, TECHNICAL FILE AND MEANS OF VERIFICATION

In respect of the provisions of Annex V1 of the Imemational Convention for the Prevention of Pollution
from Ships, 1973, as modified by the Protocols of 1978 and 1997 relating thereto (hereinafter referred to
as "the Convention”) and of the Technical Code on Control of Emission of Nitrogen Oxides ffom Marme
Diesel Engines (hereinafter referred to as the “NG, Technical Code™).

Notes:

1 This Record and its attachments shall be permanently attached 1o the ELAPP Certificate. The
EIAPP Certificate shall accompany the engine thwoughout iis Jife and shall be zvailable on board
the ship at all times.

2 If the language of the original Record is neither English nor French, the text ahali include a
translation into one of these languages.

3 Unless otherwise stated, regulations mentioned in this Record refer to regulations of Annex Vi

" ofthe Convention and the requiremenis for an engine’s Technical File and means of verifications
refer to mandatory requirements from the NO, Technical Code.

1 Particuiars of the engine

11 Name and address of mamufacturer .. ..... ... ... oo
12 Place of engime build . . ... ..o e e
13 Dateofenginebuild . ... ... . . i i
1.4 Place of pre-certifeation SUIVEY . . ... . i i
15 Date of pre-certification SUIVEY . . . ..ot iu it
1.6 Engine type and model mumber . ... ... Ll i e
1.7 Engine sefal BEMDBEr ... L. e
1.8 Ifapphcable the engine is a parent engine [I or a member engine T of the ﬁ)llowmg

19

L10

L1

engine family [J or engine group [J

Test cycle(s) (see chapter 3 of the NO, Tec}mxcal Code) . ..... e
Rated Power (kW) and Spead (RPM) ......ooi v [P

Engine approval number ... ... i e e e i



1.12  Specification(s) of testfuel . ... .. ... B PP P

1.13  NO, reducing device designated approval number (if installed) .. .. .. el

W
=
(o3

[é’]

N

2

“
g
2
o

:

fysd
B
7
@,
g
5
o
o
8
{
g
£
E

Particniars of the Technical File

N

Technical File identification/approval number

S

2.2 Technical File approval date . . .

2.3 The Technical File, as required by chapter 2 of the NO, Technical Code, is an essential part of the
EIAPP Certificate and must always accompany au engine thronghout its life and always be available on
board = ship.

3 Specifications for the On-beard NO, Verification Procedures for the Engine Parameter
Survey

31

32

33 The specifications for the on-board NQ, verification procedures, as required by chapter 6 of the
NGO, Technical Code, is an essential part of the EIAPP Certificate and must always accompany an engine
through its life and always be available on board a ship. :

THIS 18 TO CERTIFY that this Record is correct in all respects.'

Tssted A ... e e

(Date‘ of issue) . (signature of duly authorized official issuing the Record)

(Seal or Stamp of the authority, as appropriate)



APPANDIX 2

FLOW CHARTS FOR SURVEY AND CERTIFICATICH OF MARINE DIESEL ENGINES

(Refer to 2.2.8 and 2.3.13 of the NO,, Technical Cods)

Guidance for compliance with survey and certification of marine diesel engines, as described in chapter 2
of this Code, are shown in the flow charts on the next three pages as follows:

Figure 1. Flow Chart, Step 1 - Pre-certification Survey at the manufacturer’s shop

Figure 2. Flow Chart, Step 2 - Initial Survey on board the ship

Figure 3. Flow Chart, Step 3 - Periodical Survey on board a ship
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APPENDIX 3

SPECIFICATIONS FOR ANALYSERS TO BE USED IN THE DETERMINATION OF
GASEQUS COMPONENTS OF DIESEL ENGINE EMISSIONS
(Refer 1o chapter 5 of the NO, Technical Code)

i Gemeral

1.1 The analysers shall have a measuring range appropriate for the accuracy required to measure the
concentrations of the exhaust gas components (see 1.5). ALl analysers shall be capable of continuous
measurement from the gas stream and provide a continuous cutput response capable of being recorded.

Tris recommended that the analysers be operated such that the measured concentration falls between 15%
and 100% of full scale.

1.2 Ifread-out systems (computers, data loggers, etc.) that provide sufficient accuracy and resolution
below 15% of full scale are used, concentrations below 15% of full scale may also be acceptable. In this

case, additional calibrations shall be made to ensure the accuracy of the calibration curves (see 5.5.2 of
appendix 4 of this Code).

1.3 The electromagnetic compatibility (EMC) of the equipment shall be on a level to minimise
additional errors.

14 Definitisns

a The repeatability of an analyser is defined as 2.5 times the standard deviation of
10 repetitive responses to a given calibration or span gas.

2 The zero response of an analyser is defined as the mean response, including noise, to a zero
gas during a 30 seconds time nterval.

3 Span is defined as the difference between the span response and the zero response.

4 The span response is defined as the mean response; including noise, to a span gas during
a 30 seconds time iterval.

1.5 Measurement error
The total measurement error of an analyser, including the cross sensitivity to other gases (see section 8 of

appendix 4 of this Code), shall not exceed & 5% of the reading or + 3.5% of full scale, whichever is smaller.
For concentrations of less than 100 ppm, the measurement error shall not exceed + 4 ppm.

16  Repeatability

The repeatability of an analyser shall be no greater than + 1% of full scate concentration for each range used
above 155 ppm (or ppm C) or & 2% of each range used below 155 ppm (or ppm C).

1.7 Noise

The analyser peak-to-peak response to zero and calibration or span gases over any 10 seconds period shall
not exceed 2% of full scale on all ranges used.
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1.8 Zero drift
The zero drift during a one hour period shall be less than 2% of full scale on the lowest range usad.
1.9 Spandrift

The span drift during a one hour period shalt be less than 2% of full scale on the lowest range used.

2 Gas drying

The optional gas drying device shall have a minimal effect on the concentration of the measured gases.

Chemical dryers are not an acceptable method of removing water from the sample.

3 Amnalysers

The gases to be measured shall be analysed with the following instruments. For non-linear analysers, the

use of linearising circuits is permitted.

1 Carbon monoxide (CO) analysis

The carbon monoxide analyser shall be of the Non-Dispersive InfraRed (NDIR) absorption

type.

2 Carben dioxide (CQ,) analysis

The carbon dioxide analyser shall be of the Non-Dispersive InfraRed (WDIR) absorption

type.

3 Oxygen (Q,) analysis

Oxygen analysers shail be of the ParahMagnetic Detector (PMD), ZiRconium DiOxide

{ZRDO) or ElectroChemical Sensor (ECS) tvpe.
Note: Electrochermical sensors shall be compensated for CQ, and NO, interference.

4 Oxides of mitrogen (NO) analysis

The oxides of pitrogen analyser shall be of the ChemiLuminescent Detector (CLD) or
Heated ChemiLuminescent Detector (HCLD) type with a NO/NG converter, if measured
on a dry basis. If measured on a wet basis, an HCLD with converter maintained above
333 K {60°C) shall be used, provided the water quench check (see 8.2.2 of appendix 4 of

this Code) is satisfied.



APPENDIX 4

{Refer 1o chapter 5 of the NG, Technical Code)

1 Intraduction

1.1 Each analvser used for the measurement of an engine’s parameters shall be calibrated as ofien as
necessary in accordance with the requirements of this appendix.

12 Except as otherwise specified, a1l results of measurements, test data or caleulations required by this
appendix shall be recorded m the engine’s test report in accordance with section 5.10 of this Code.

13 Aceuvacy of analySical insty

1.3.1 Permissible deviation of instr for measur on a test bed

The calibration of all measuring instraments shall comply with the requirements as set out in tables 1 and
2 and shall be traceable to national or international standards.

Table 1. Engime related permissible deviations for measurements on 2 $est bed

Na. fitem ‘D Permissibie Calibration

eviation (£% values| Intervals
based en engines’ (months)
maximum valmes)

1 Engine speed 2% 3

2 Torgue 2% 3

3 Power 2% not

applicable

4 Fuel consumption 2% 6

s Air cohsmnption 2% 8

& Exhaust gas flow 4% 5
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25 of essential measured parameters for measurements on

Tgbla2. Permissibie deviati
a test bed
Noa. Trem Permissibie Calibration
Devyiation Intervals
+ abselute yaluss| (months)
1 jCoolant temperature ZK 3
Z | Lubricant temperature ZK 3
3 {Exhaust gas pressure 5% of maximum 3
4 |Iniet manifold depressions 3% of maximum 3
5 | Exhaust gas temperature 15K 3
6 ] Air injet temperature ZK 3
(combustion air)
7 | Atmospheric pressure 0.5% of reading 3
8 |Intake air humidity (relative) 3% 1
9 {Fuel temperature 2K 3
1.3.2 Permissible deviation of imstr is for ements on board a ship for verification
purpsses

The calibration of all measuring instrumenis shall comply with the requirements as set out in tables 3 and

4 and shall be traceable to national or international standards.

of instr

Table 3. Peymissible deviati

measurements on board a ship

for emgine related parameters for

Ne. Iterm Permissible Deviation Calibration
{£% based on maximum Intervals
. engines’ values) (memnth)
i engine speed 2% 3
2 orque 5% 3
3 power 5% not
applicable
4 fuel consumption 4% / 6% diesel/residual 6
5 | specific fuel consumption not applicable not
applicable
6 air consumption 5% 6
7 exhaust gas flow 5% calculated 6




Tabie 4.

Permissible deviations sf ingimuments for other essepfial parameter
measurements on board a ship

Na. Trem Permissible Deviation Cniébraﬁam

= absoiute values or Intervais

“of reading™ {mromihs)
1 coolant tamperature 2K 3
2 Iubricating oil temperature zX 3
3 exhaust gas pressure 5% of maximum 3
4 inlet manifold depressions 5% of maximum 3
5 exhaust gas temperaturs 15K 3
6 air inlet temperature 2K 3
7 atmospheric pressure 0.5% of reading 3
8 intake air humidity (relative) 3% 1
9 fuel temperatiure 2K 3

2 Calibration gases

The sheif life of afl calibration gases as recommended by the manufacturer shall not be exceeded. The
expiration date of the calibration gases stated by the manufacturer shall be recorded.

2.1 Purs gases

2.1.1  The sequired pusity of the gases is defined by the contarmination limits given below. The following
gases shall be available for operation of the test bed messurement procedures:

a

to

purified nitrogen {contarmination < 1 ppm C, < 1 ppm CO, < 400 ppm CO,, < C.1ppm
NO3;

purified oxygen (putity > 99.5% volume O,);

hydrogen-helium mixture (40 = 2% hydragen, balance helium), (contamination = 1 ppm
C, < 400 ppm CO); and ’

purified synthetic air {contamination < 1 ppm C, < 1 ppm CO, < 400 COy, < 0.1 ppm
NO), {oxygen content between 18-21% volume).



2.2 Calibration and span gases

N
&
—

Mixturss of gases having the following chemical compositions shall be availabie:
1 CO and purified nitrogen;

2 NG, and purified nitroger (the amount of NO, contained in this calibration gzs must not
exceed 5% of the NO content);

0, and purified nitrogen; and

[

4 €O, and purified nitrogen.
Rote: Other gas combinations are allowed provided the gases do not react with one another.

2.2.2  The true concentration of a calibration and span gas shall be within 2 2% of the nominal value. All
concentrations of calibration gas shall be given on a volume basis (volume percent or volurne ppm).

2.23  The gases used for calibration and span may also be obtained by means of a gas divider, diluting
with purified N, or with purified synthetic air. The accuracy of the mixing device shall be such that the
concentration of the diluted calibration gases may be determined to within £ 2%.

3 Operating procedure for analysers and sampling system

The operating procedure for analysers shall follow the start-up and operating instructions specified by the
instrument manufacturer. The minimum requirements given in sections 4 to 9 shall be included.

4 Leakage test

4.1 A system leakage test shall be performed. The probe shall be disconnected from the exhaust system
and the end plugged. The analyser pump shall be switched on. After an initial stabilisation period, all flow
meters shall read zero; if not, the sampling lines shall be checked and the fanit corrected.

42 The maximum allowable leakage rate on the vacuum side shall be 0.5% of the in~use flow rate for
the portion of the system being checked. The analyser flows and bypass flows may be used to estimate the
in-use flow rates.

43 Another method that may be used is the introduction of a concentration step change at the
begiming of the sampling line by switching from zero to span gas. After an adequate period of time, the
reading should show a lower concentration compared to the introduced concentration; this points to
calibration or leakage problems.

5 Calibration procedure
51 Instrament assembly

The instrument assembly shall be calibrated and the calibration curves checked against standard gases. The
same gas flow rates shall be used as when sampling exhaust.



82  “Warming-up time

The warning-up time shall be according 1o the recommendations of the analyser’s manufacturer. Fnoi
specified, a minimum of two hours is reccinmended for warming up the anaiysers.

53  NDIR and HFID analyser
The NDIR analyser shall be tuned, as necessary.
5.4 Calibration

4.1 Each normally used operating range shall be calibrated.

w

5.42 Using purified synthetic air (or nitrogen), the CO, CO,, NO; and O-, analysers shall be set at zero,

5.43 The appropriate calibration gases shall be introduced to the analysers, the vaiue recorded, and the
calibration curve established according to 5.5 below.

5.4.4 The zero setting shall be rechecked and the calibration procedure repeated, if necessary.
55  Establishment of the calibration curve
551 General guidelines

5.5.1.1 The analyser calibration curve shall be established by at least five calibration points (excluding zero)
spaced as uniformly as possible. The highest nominal concentration shall be greater than or equal to 90%
of full scale.

5.5.1.2 The calfbration curve is calculated by the method of least squares. If the resulting polynomial
degree is greater than 3, the number of calibration points (zero included) shall be at least equal to this
polynomial degree plus 2.

5.5.1.3 The czlibration curve shall not differ by more than + 2% from the nominal value of each calibration
point and by more than & 1% of full scale at zero.

5.5.1,4 From the calibration curve and the calibration points, it is possible to verify that the calibration has
been carried out correctly. The different characteristic parameters of the analyser shall be indicated,
particularly: .

1 the measuring range,

2 the sensitivity, and

3 the date of carrying out the calibration.
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§.5.Z Caiibration below 15% of fuil scale

The analyser calibration curve shall be sstablished by at least 10 calibration points (excluding zerc)
50 that 50% of the calibration points are below 10% of full scale.

[

spaced

5.5.2.2 The calibration curve shall be calculated by the method of least squarss.

5.5.2.3 The calibration curve shall not differ by more than = 4% from the nominal value of each calibration
point and by more than = 1% of full scale at zero.

55.3 Alternative methods

If it can be shown that alternative technology (e.g., computer, electronically controlled range switch, etc.)
provides equivalent accuracy, then these alternatives may be used.

6 Verification of the calibration

Each normally used operating range shall be checked prior to each analysis in accordance with the
foilowing procedure:

1 the calibration shall be checked by using a zero gas and a span gas whose nominal vaiue
shall be more than 80% of full scale of the measuring range; and

2 if; for the two points considered, the value found does not differ by more than = 4% of full
scale from the declared reference value, the adjustment parameters may be modified. If
this is not the case, a new calibration curve shall be established in accordance with 5.5
above.

7 Efficiency test of the NO, converter

The efficiency of the converter used for the conversion of NO, into NO shall be tested as givenin 7.1 to
7.8 below.

7.1 Test set-up

Using the test set-up as shown in figure 1 below (see also 3.4 of appendix 3 of this Code) and the procedure
below, the efficiency of converters shall be iested by means of an ozonator.

7.2 Calibration

The CLD and the HCLD shall be caiibrated in the most common operating range following the
manufacturer's specifications using zero and span gas (the NO content of which should amount to about
80% of the operating range and the NO, concentration of the gas mixture to less than 5% of the NO
concentration). The NO, analyser must be in the NG mode so that the spart gas does not pass through the
converter. The indicated concentration shall be recorded.



7.3 Caicuiagion

The efficiercy of the NC, converter shall be calculated as follows:
)
Efficieney (%) ] 1 254 100 [¢8]
ed
where:

a = NO, concentration according to 7.6 below
b = NO, concentration according to 7.7 below
¢ = NO concentration according to 7.4 below
d = NO concentration according to 7.5 below

7.4 Adding of exygen
7.41 Via a T-fitting, oxygen or zero air shall be added continvously to the gas flow until the
concentration indicated is about 20% less than the indicated calibration conceniration given in 7.2 above

(the analyser must be in the NO mode).

7.4.2 The indicated concentration "c" shall be recorded. The ozonator must be kept deactivated
throughout the process.

7.5  Activation of the ozonater

The ozonator shall now be activated to generate enough ozons to bring the NO concentration down 1o
about 20% (minimum 10%) of the calibration concentration given in 7.2 above. The indicated
concentration (d) shall be recorded (the analyser must be in the NO mode).

75 NGO, mode

The NO analyser shall then be switched to the NO, mode so that the gas mixture (consisting of NO, NO,,
O, and N, ) now passes through the converter. The indicated concentration "a" shall be recorded (the
analyser must be inthe NO, mode).

7.7 Deactivation of the czonater

The ozonator shall now be deactivated. The mizture of gases described in 7.6 above passes through the
converter into detector. The indicated concentration "b" shall be recorded (the analyser must be in the NO,
mode). :

7.8  NO mode

Switched to NO mode with the ozonator deacﬂva&ed, the flow of oxygen or svnthetic air shall also be shut
off. - The NO, reading of the analyser shall not deviate by more than + 5% from the value measured
according to 7.2 above (the analyser must be in the NG, mode).

7.9 Testimterval

The efficiency of the converter shall be tested prior to each calibration of the NO, analyser.



7.1 Efficiency reguirement

The efficlency of the converter shall not be less than 90%, but a higher efficiency of 95% is strangly
recomnmended.

Mate: If, with the analyser in the most common range, the NO, converter cannot give a reduction from
80% to 20% according to 7.2 abave, then the highest range which will give the reduction shall be used.

solenoid vatve:

= SF

Gzonator
Variac
]
i Amalyser
NOM2
——

Figure 1. Schematic of NO, converter eificiency device

b4 Interference effects with CO, CO,, NO, and O, analysers

Gases present in the exhaust other than the one being analysed may interfere with the reading in several
ways. Positive interference may occur in NDIR and PMD instruments where the interfering gas gives the
same effect as the gas being measured, but 1o a lesser degree. Negative interference may occur in NDIR
instroments by the interfering gas broadening the absorption band of the measured gas, and in CLD
instruments by the interfering gas quenching the radiation: The interference checks i 8.1 and 8.2 below
shall be performed prior to an analyser's initial use and after major service itervals.

8.1 CO analyser interference cheek

Water and CO, may interfere with the CO analyser performance, Therefore, 2 CO, span gas having 2
concentration of 80 to 100% of fuil scale of the maximum operating range used during testing shall be
bubbled through water at toom temperature and the analyser response recorded, The analyser shall not be
more than 1% of full scale for ranges greater than or equal to 300 ppm or more than 3 ppm for ranges
below 300 ppm.



8.2 NQO, analyser guench checks

The two gases of soncem for CLD (and HECLD) analysers are CO, and water vapour. Quench responses
t0 these gases are proportional to their concentrations, and therefore require test techniques to determine
the quench at the highest expected concentrations experienced during testing.

8.2.1 (6, guench check

8.2.1.1 A CO, span gas having a concentration of 80 to 100% of fill scale of the maximum operating range
shall be passed through the NDIR anailyser and the CO, value recorded as A It shall then be diluted
approximately 50% with NO span gas and passed through the NDIR and (H)CLD, with the CO, and NO
values recorded as B and C, respectively. The CO, shall then be shut off and only the NO span gas shall
be passed through the (H)CLD and the NG value recorded as .

8.2.1.2 The gnench shall be calculated as follows:

% Ouench [1 ( € ;’9~—*”-100 @
D -4 (©-B)

and shall not be greater than 3% of full scale.

where:
A = Undiluted L0, concentration measured with NDIR %
B = Diluted CO; concentration measured with NDIR Y%
C = Diluted NO concentration measured with (H)CLD prm
D = Undiluted NO concentration measured with (H)CLD - ppm

8.2.1.3 Altemative methods of diluting and quantifying of CO, and NO span gas values, such as dynamic
mixing/blending, may be used.

8.2.2 Water quench check

8.2.2.1 This check applies to wet gas concentration measurements only. The calculation of water quench
shall take into consideration the dilution of the NO span gas with water vapour and scaling of water vapour
concentration of the mixture to that expected during testing.

$.2.2.2 A NO span pas having a concentration of 80 to 100% of full scale of the normal operating range
shall be passed throngh the (F)CLD and the NO value recorded as D. The NO span gas shail then be
bubbled through water at room temperature and passed through the (HYCLD and the NO value recorded
as €. The analyser's absolute operating pressure and the water temperature shall be determined and
recorded as B and F. respectively. The mixture's saturation vapour pressure that corresponds o the
bubbled water temperature (F) shall be determined and recorded as G. The water vapour concentration
{in %) of the mixture shall be calculated as follows:

7 100 ( g’-) &)



and recorded as . The sxpecied dilwted NO span gas (in water vapour) concentration shall be caiculated
as follows:

De D-( 1 i] )
100

and recorded as De. For diesel exhaust, the maximum sxhanst water vapour concentration {in %) sxpected
during testing shall be estimated, under the assumption of a fuel atom hydrogen/carbon (H/C) ratio of 1.8/1,
from the undiluted CO, span gas concentration (4, as measured in 8.2.1 abave) as follows:

Hm  0.9-4 &)
and recorded as Hm.

8.2.2.3 The water quench shall be calculated as follows:

% Quench 100 - L2 E) Hrm ®)
De H
and shall not be greater than 3%.
where:
De = Expected diluted NO concentration ppm
C = Diluted NO concentzation ppm
Hm = Maximum water vapour concentration %
H = Actual water vapour concentration %

Nete: Tt is important that the NO span gas contains minimal NO, concentration for this check, since
absorption of NO, in water has not been accounted for in the quench calculations.

83 (@, analyser interfersnce

83.1 Instrument response of a PMID analyser caused by gases other than oxygen is comparatively slight.
The oxygen equivalents of the common exhaust gas constituents are shown in table 5.

Table 5. ‘Oxygen equivalents

100% gas concentration Eguivalent % O,
Carbon dioxide, CO, -0.623
Carbon monoxide, CO . ~0.354
Nitric oxide, NO +44.4
‘Nitrogen dioxide, NO, +287
Water, H,0 -0.381
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832 The observed oxvgen concentration shall be corrected by the following formmia if high precision
measurements are to be done:

Intsrference  (Eguivaient % O,~Observed Concentration )/ 100 7

83.3  For ZRDO and ECS analysers, instrument interfersnce caused by gases other than oxygen shall be
compensated for in accordance with the insiwument supplier’s mstructions.

5 Calibration intervals

The analysers shall be calibrated according to section 5 at least every 3 months or whenever a system repair
or change is made that could influencs calibration.



Emissions Test Report No. cw...

APPENDIX § - SAMPLE TEST REPCRT
(Refer to 3.10 of the NO, Technical Code)

Engine Information*

Sheet 1/5

Esgine

Manufacturer

Engine type

Family or Group identification

Serial number

Rated speed

Rated power

Intermediaic speed

Maximmum torque at intermediate speed

Sttic injection timing

deg CABIDC

Electronic injection control

Variable injection timing

“Variabie turbocharger geometry

Bore

mm

Stroke

mm

Nominal compression ratio

Mean effective pressure, at rated power

kPa

Maximum eyfinder prassire, at rated power

Cylinder number and configuration

Number:

Indine;

Auxiliaries

Specified umblent conditions:

Maximum seawater temperature

if applicab

charge air

Ceoling system spee. intermediate eooler no ves:

Cooling system spee, charge air stages

Low/high temperature cooling systern set points /

Maximum inlet depression

Maximum exhaust back pressure

Fuei oil specification

Fuel oil femperature

Lubricating oil specification

Application/Tutended for:

Customer

Final application/instaliation, Ship

Final application/installation, Engine - Main: Awx:

Emissions test results:

Cyele

NO, |

| giwm

Test identification
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Daeiime

bench

Test pumbser

Surveyor

Date and Place of report

Signature

* Ifapplicable



Emissions Test Report Meu o

Engine Family Information® Sheet 2/8

gine Family Information/Group Information (Common specificarions)

Combustion cyele

2 stroke cycle/d siroke cycie

Cooling mediumn airfwater

Cvlinder configuration Required fo be writicn, only if the
e};h&ljst cleaning devices ave applied

Method of espiration natural aspiredipressure charged

Fuel type to be used on board

distillate/distillate or heavy foel/dual

Combustion ckamber

Open chamber/divided chamber

‘Valve port configuraton Cyiinder headfcylinder wall
Valve port size and number

Fuel system type

Miscellaneous features:

Exhaust gas recirculation ne/yes
“Water injection/erpulsion. no/yes
Air injection no/yes
Charge cooling system no/yes
Exhaust after-treatment no/yes
Exhaust after-treatment type

Dual fuel no/yes

Engine Family/Groap Information (Selection of parent engire for test bed test)

Family /Group ldentification

Method of pressure charging

Charge air cooling system

Criteria of the Selection (specify)

Maximum fuel delivery rate / another method (specify)

Number of cylinder

Max. rated power per cylinder

Rated speed

Injection timing (range)

Max. fuel parent engine

Selected parent engine

Parent

"

1011

* If applicable




Emissions Test Report No. cee

Sheet 3/8

Ezhaust Pipe

Diameter

Length

Insulation

ol

Probe location

Remark

Measurement squipment

Manufacwrer

Modei

Calibration
Deviation

Measurement }
ranges { Span gas conc.

Analyser

NO, Analyser

ppm Yo

CO Analyser

ppm %

CO2 Analyser

02 Analyser

HC Analyser

Speed

Torque

Power, if applicable

Fuel flow

Alr flow

Exhaust flow

Temperatures

Coalant

Lubricant

Exhaust gas

Intercooled air

Fuel

Pressures

Exhaust gas

Iniet manifold

Atmospheric

Vapour pressure

Intake air ]

Haidity

Innake air |

Fuel Chy

Fuel type 1

Fuel properties:

Fuel clementad analysis

Density 150 3675

Carbon % mass

Viscosity 1SO 3104

mm*/s | Hydrogen

% mass

Nitrogen % raass

Oxygen % mass

% mass

Sulphur

LHV/Hu Mikg

* If applicable
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APPENDIX ¢

CALCULATION OF EXHAUST GAS MASS FLOW
(CARBON BALANCE METHOD)
{Refer to chapter 5 of the NO, Technical Code)

1 INTRCBUCTION

1.1 This appendix addresses the calculation of the exhaust gas mass flow and/or of the combustion air
consumption. Beth methods given in the following are based on exhaust gas concentration measuremsnt,
and on the knowledge of the fuel consumption. Symbols and descriptions of terms and variables used in
the formulae for the carbon balance measurement method arc summarized in table 4 of the Abbreviations,
Subscripts, and Symbols of this Code.

1.2 This appendix includes two methods for calculating the exhaust gas mass flow as follows: Method
1 (Carbon balance) is only valid using fuels without oxygen and nitrogen content; and, Method 2
(Universal, carbon/oxygen-balance) is applicable for fuels containing H, C, 8, O, N in known composition.

1.3 . Method 2 provides an easy understandable but universal derivation of all formulae including all
constants. This mexhod is provided because there are many cases where the present available constants,

1 s, may lead 1o results with avoidable errcrs. Using the formulae within
Method 2 i may alsn be possible fo calculate the essential parameters under conditions deviating from
standard conditions.

14 EBxamples of parameters for some selected fuels are offered in table 1. The values for fuel
compoesition are for reference purposes only and shall not be used in place of the composition vatues of the
il fuel actually used.

Table 1. Parameters for some selected fuels (examples)

Fuel C% | H% §% | 0% I FFH. | ¥FW | FFD | EXH
DENS

Diesel 86.2 13.6 0.17 0 1 1.835 | 0.749 | -0.767 | 1.294
135 1.865 1.293

35 1.920 1292

RME 772 12.0 108 1 1.600 | 0.734 {0599 | 1296
135 1.63 1.285

35 1.685 1292

Methanol | 37.5 12.6 0 30.0 1 1.495 | 1.046 |-0354 [ 1233
135 1.565 1.246

35 1705 |- 1272

Ethanol 52.1 13.1 0 34.7 1 165 0.965 § -049 126
135 | 1704 1.265

33 1.807 1.281
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Tuel | L% | E% | E% | 0% H FFH | FFW | FFD | EXH
DENS

Natural 60.6 83 0 13 1 2,509 | 1.078 1| .1.065 | 1237
Gas * 135 | 2372 1.263
35 2689 1.28

Propane 817 183 0 0 1 2423 | 1007 | -1.025 | 1.268
135 | 2473 1273

3 2564 1.284

Burane 82.7 17.3 0 0 1 2298 | 0.952 | -0.97 | 1.273
135 | 2343 1.277

33 2.426 1.283

* Yolumetric composition: CO; 1.10%; N, 12.10%; CH, 84.20%: CjH, 3.42%;

13

CiH, 0.66%; CJH,;y 0.22%; CH,, 0.05%; CiH,y, 0.05%

Except as otherwise specified, all results of caleulations required by this appendix shall be reported

in the engine's test report in accordance with section 5.10 of this Code,

Z

Z.1

METHOD 1, CARBON BALANCE

This method includes six steps that shall be used in the calculation of the exhaust gas concentrations

with regard to the fuel characteristics.

2.2 The given formulae of Method 1 are only valid in the absence of oxygen in the fuel.
23 First step: Calculation of the stoichiometric air demand
2.31 Process of compiete combustion:
C+0,+C0, @b
41+ 0, 21,0 (1-2)
S+0,~+8C; . (1-3)
STOIAR = (BET/ 12,011 + ALF /(4 - 1.00794) + G4M/32.060) -31.9988/23.15 (1-4)
2.4 Second step: Calculation of the excess-air-factor based on complete combustion and the CO, -
concentration
E4FCDO = {(BET-10-22.262/(12.011-1000))/ (CO2D/ 100) + STOIAR - 0.2315/
1.42895 - BET - 10+ 22,262 / (12.011 - 1000) - GAM - 10 -21.891 /
(32.060 - 1000)) / (STOI4R - (0.7685 / 1.2505 + 02315 / 1.42895)) (3-5)
2.5 Third step: Calculation of the hydrogen-to-carbon ratio

HTCRAT = ALF-12.011/(1.0079%4 - BET) {1-6)
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Fourth step: Calculetion of the dry hydrocarbon-concentration based on the ECE R49-procedurs

with respect 1o fuel characieristics and air fue] ratio

2.6.1

where:

262

ad

The conversion of dry 1o wet conceniration is given by:

cone,, = conty,, - ( 1 - FFH - (fuel consumption [ dry air consumption)) (-1

Fuel _consumption Volume of water of the ion _process (1-8)
Dry air consumption Total wet exheust volumz

FFH

Total wet exhaust volume = Nitrogen of combustion air +
excess oxygen +
argon of the combustion air +
water of the comnbustion air +
water of the combustion process +
CO, of the combustion process +
30, of the combustion provess {1-9

rrm - GFVEL = (10 - ALF - MVH20 | (2 - 1.0079 - 1000)) - GFUEL / ({0.7551
GAIRD

/1.2505 « (GAIRD / (GFUEL - STOIAR)) - STOIAR + 0.2315

/1.42895 - ((GAIRD | (GFUEL - STOIAR)) -1) - STOIAR + 0.0129

/ 1.7840 - (GAIRD / (GFUEL - STOIAR)) - STOIAR + 0.0005

1 1.9769 - (GAIRD / (GFUEL - STOIAR)) - STOLAR + (ALF - 10 - MVCO2 .

/(2.+ 1.0079 - 1060)) + (BET - 10 - MVCD2/(12.001 - 1000)) + (GAM - 10 - MVSC2
(32.060 - 1000))) - GFUEL) (1-10)

MVH20 = 22401 dm*/mol
MVC02 =22.262 dm*mol
MVSO2 = 21.891 dm®/mol

The formula resulis:
arm - GFUEL < (0111127 ALF)/(0.0555583 - ALF - 0.000109 - BET - 0.000157 - GAM

+0.773329 - (GAIRD | GFUEL)) (1-1h

FEH = (0.111127 - ALF) / (0.773329 +(0.0555583 -ALF-0.000109 - -
BET'- 0.000157 - GAM) - (GFUEL / GAIRDY) (1-12)
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2.6.3 The excess air factor is defined as:

Iy = air consumprion / (fuel sprion «stoichi fe air de ) 1-13)
FEAFCDO = GAIRD/(GFUEL - STOI4R) (1-14)
GAIRD = EAFCDO - GFUEL - STOIAR (1-15)
CWET = CDRY -(1-FFH-GFUEL!GAIRD)

= CDRY -(1-FFH - GFUEL ! (EAFCDO - GFUEL - STOIAR))

= CDRY -(1-FFH/(EAFCDO - STOI4R)) (1-16)
CDRY . = CWET/ (1 - FFH [ (EAFCDO - STOIAR))

= CWET - EAFCDO - STOI4R | (EAFCDO « STOIAR - FFH) 117y
HCD = HCW + E4FCDO - STOIAR | (FAFCDO - STOLAR - FFH) (1-18)

2.7 Fifth step: Calculation of the excess air factor b&ed on the procedures specified In Title 40, United
States Code of Federal Regulations (40CFR86.345-79).

EXHCPN = (CO2D/ 100} +(COD/ 109+ (HCD/ 109 (1-19)
1y = EAFEXH = (1] EXHCPN - COD/ (10° - 2 - EXHCEN - HCD | (10° - EXHCPN) +

HTCRAT/ 4 -(1 - HCD [ (10° - EXHCPN)) - 0.75 - HTCRAT /

(3.5/(COD [ (10° - EXHCPN)) + (1 - 3.5) /(1 - HCD

(W0% - EXHCENY)) / (4.77 (1 + HTCRAT / 4)) {1-20)

28  Sizth step: Calculation of the exhaust mass

Exhqust mass flow = Fuel prion + combustion air 1P {121}

{with the excess air factor defined in step four)

air 32 =1, fuel iption - stoichi ¢ air 7 (1-22)
Exhaust mass flow = Fuel wption - (3 + by ~stoichi ic air de d) {1-23)
GEXHW = GFUEL - (1 + EAFEXH -STOIAR) . 1-24)

3 METHOD 2, UNIVERSAL, CARBON/OXYGEN-BALANCE
3.1 Imtroduction
The described method gives an easily understandable description of the carbon and oxygen balance method.

It may be used when the fuel consumption is measurable and when the fuel composition and the
concendrations of the exhaust components are known.
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where:

and

33.1
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Caleutation of the exhaust mass fow on the basic of the carben balance

vy . CPUEL -BET EYHDENS -10% 1
AWC {caew (18t cow  HCW  Cw )
MVCO2 MO MVEC AWC )

Simplification with complete combustion:

GFUEL -BET -EYHDENS -MVCO2
AWC (CO2W - CO4R )

CEXHW -

Caleulation of exhaust mass flow on the basis of oxygen balance

P 1o Factor2 -10 -EPS
1000 - EXHDENS

GEXHW - GFUEL - +1

10-TAU - Fuaetor]
1000 -EXDENE

Factor 1 - 104 2VC2 0M | AWO _ rny  AWO e .
W0z . MO MYNO
3-4W0 2.4w0

« 24RO o Hew cw
Iowoz - MVEC A

Factor? - ALF -0 gy 2O g A0
2-AWH 4 aws

Simplification with complete combustion:

M2
Factor? 104l 02
MVG2

Derivation of the sxygen for i plete «
The oxygen input in g/h is:
GARW - TAU - 10 + GFUEL - EPS -10

The oxygen output in gh is:

602 - Geoz 2470 AT g - ATC
Mo 2 MWCO MWNO
- 02 - 2O oy ZATO Gy  APQ
MO 2 MWO 2 MWHZO

(2-4)

@)

@9

N

(2-8

based on the following definitions and formulae, the ndividual gas components are cé}zcu}ated in g/ related

on wet

exhanst gas (GC is the soot in g/h).
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GOz . —MFOZ0  non ey .
V037 -EXEDENS (2-9)
GCO w0 cow crvmw (2-10)
MPCO -EXHDENS 1000
o« ——— O ow G (2-11)
MYNC -EXHDENS -1000
oNo1 - e MOL o -cEXHW (2-12)
MVNO2 -EXHDENS -1000
Geor - MFCOZ oo e 1o acp MFEO2 MWCO2_._ WCO2 (2-13)
aw MO MWHC e
G0 - MO rumr e 10 -Gre - M. (2-14)
2-4WH MWEC
eso2 - MP02 L crupr -ant 10 (2-15)
WS
e - —2MC ey eyaw (2-16)
MVEC -EXHDENS -1000
6 - L O -GEYEW 217

EXHDENS 1000

3.4.3 EXHDENS is calculated using formula (2-42) in 3.6 of this section.

GAIRW - TAU - 10+ GFUEL - EPS- 1D =

GEXHW. ( MWO2-02W-10* 4W0-COW AWO-NOW 2-AWO-NO2W 3-AWQ-HCW 2: AWO*CW]
/

" 107 -ExADENS MV0z MVCO | MINO N02 MVEC e )’
+10- Gy | ALE-AWO BT 2-4W0 GAM-AWO 19
2AWH  AWC AW .

5.4.4 The first bracket is defined as Factor 1, the second one as Factor 2 (see also formulae (2-4) and (2-5)).

where:

GEXHW GAIR GFUEL ' 2-19)

3.4.5 The consumed air mass and the exhaust gas mass may be calculated using the following formulac:

__Fater] 1o .Factor? -10-EPS -
camw - Grug, | 100 EXEDENS p (2-20)
TAU-10- actord

1000 -EXHDENS |
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and accordingly:

T30 Factor2 -10-2PS t
GEXEW - GFUEL J 1000 -EXHDENS 1
TAU-10- Factori
\ 1000 - EXHDENS
3.8 Derivation of the carbon for the & pi b
3.5.1 Carbon input in g/h:
GFUEL -BET -10
3.5.2 Carbon output in g/h;
603 AT oo AWC_ oo AWC - AWT
MWCo2 aweo MWHC  AWC

(2-22)

(2-23)

3.53 Based onthe following definitions and formutae, the individual gas components ars calculated in

g/h related on wet exhaust gas (GC is the soot in g/h).

Geoz » —2HCO2 W __ oy orvEw
MVCOZ - EXHDENS

60 « e MO ow -cEYEW
MVCO -EXHDENS -1000

GHE « e MEC ey crYHW
MVHC EXHDENS 1000

1

e - CW - GEXHW
EBXHDENS

GC

3.5.4 For the balance condition:

Carbon input = Carbon output

GruE BET 10 . OEEW AWC_ [ COM 4 COW  HCW _CW
EXHDENS +1000 \ MVCO2 MVCO MVHC AWC
3.5.5 Calculation of the exhanst mass flow on the basis of the carbon balance:
. \ BT
GExy . GFUEL -BET EYHDENS -10* 1

AFC Co2w -18* COW HCW (W
MYCOZ  MVCO MVHC AWC

(2:24)

(2-25)

(2-26)

(2-273

{2-28)

(2-29)
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3.6 Caicuiation of the ¢ exhaust positien and sxhaust density with incomplete
combustion
YCO - COW - 107 VEXHW . (2-30)
VNO  w NOW - 10°5-VEXEW (2-31)
02 « NOZW 107 VEXHW (2-32)
VHC - HCW -10° VEXHW (2-33
{ GAIRW -NUE MVEIO _ GFUEL ~ALF “MVEIO, .
— MWH20 2-AWH ! e (2:34)
160
vcoz2 - (M¢ma -z MYC02 )~—I—<VCD~W1C (2-35)
1293 awc ) 100
with CO24IR = CO, - concentration in the combustion air (vol %).
s . GFUEL ( AFD o 2AFO . 2AWO 1) (2-36) -
GARW 2oAwH awc Aws
. GARW (TAY - WAUZY MVOL_ 1 /o) (pmC VOO )-(2/2)-(GNO » VNOZ)-
voz o > (1/2)¢ VOO )~ (142341 PNOZ Y-
_CW-GEXHW__2:AWO MY02 @37
EXHDENS  AWC -MWO2
camw -gra- 22 orymr, -per, - M2 @38)
wz - W”’mo M2 (112)-WNO ~(1/2)- 02
uvso 2
cruEL -Gans M0 2 539
——_— aws ‘ 239
100
VEXHW = VH 20+VCO2+VO2+VN2+VS02+VCO+FNO+VNOZ+VHC (2-40}
VEXHD = VEXHW - VH20 (2-41)
EXHDENS = GEXHW / VEXHW (2-42)
KEXH = VEXHD / VEXHW (2-43)

3.7 Program for the calculation of the exhaust mass flow

3.7.1 The results of both stoichiometric calculations for carbon and oxygen calculations give the total
exhaust composition and the exhaust mass flow including the water content.



7.2 The formulae in the program are mainly based on wet exhaust.

[

2.7.3  If dry concentrations (O, and CO.) are measured, the drv to wet correction factor

KWEXH (= Ky, ) shall be used.

3.7.4  The program calculates the exhaust mass flow with known KWEXH and calculates the KWEXH
with known exhaust gas flow. When both values are unknown, the program takes a preliminary value for
KWEXH ( =Ky, ) and performs iterative calculation, until both values fit together and do not change any
more,

3.7.5 Ifthe mass balance formula is used withous the program, the following dry to wet correction factor
shall be used:

Eors = [ - ] (2-44)

4L MVHI0 4WC (COB) o 1 o 1o
BET -MVCO2 -2-AWH

3.7.6 The formula in another prepared form:

ALF 5,985 (COD) amim 1 go8 100

Ky - [ — ] (2-442)
BET

3.7.7 The general formula for dry / wet correction KWEXH = Ky, different versions are possible.

3.7.8 Formulae {2-44) and (2-44a) and also formula (12) from 5.12.2.3 of this Code are not absolutely
exact, because the correction for the combustion water and for the air intake water are not additive.

3.7.9 The exact formula is:

GFUEL -ALF -MWH 20 RhoEXH DAC

GFUEL +GAIRD
PR 200 -AWH Rho H20 (2-45)
GrUEL ~Gamp .14 GARD RWoEYH DAC
1000 Rho H20

where:

RhoEXHDAC = exhaust density with combustion by dry air (kg / stdm®)
Rho H20 = water vapour density (kg / stdm®) MW H,0/ MV H,0)

3.7.10 A comparison of formula (12) from 5.12.2.3 of this Code with formula (2-45) shows very small
differences of the factor Ky, as shown in the following examples:

Humidity Deviations of Ky, (compared with (2-45))
glkg %
10.0 0.2
25.0 0.5



98

-82 -~

3.7.11 The formula given as (2-45) is not very practical because in many cases RhoEXH DAC iszot
known and because the use of the fuel specific factor Fry s excluded. Therefore the mors practical
formulae (9), (10), (12} & (13) from 5.12.2.1 10 5.12.3.3 of this Code shall be used; the resulting error of
< 0.2% (in most cases) may be neglected. .

%8  Caicuiation of the fuel specific factors FFD and FFW for exhaust flow cajcuiation

2]

. _____<m§_£;;m> (2-46)

FFD

. (VEEW AR ) (2-47)
GFUEL

FRW

3.8.1 Bymeans of the following formuiae:

VEXHW ~ VH 20-VCO 2+V0 2+ TN 2.V50 2 . (2-48)
VERED - VOO 270 20N 2. V30 2 (2-49)

and, according to the formulag (2-34), (2-35), (2-37), (2-38), and (2-39), the factors may be given by
formula {2-50) and (2-52), respectively:

MVH20  MVO2 )»(BE}"/!DO)‘(

v - w;m}{ Mmm) .

ZAWH  4-AWH Uawe awc (250
MPS02 MVO2 M2 urer
. 10| MYEC2_MVOZ | | her s100y- ~(EPS /100y L
e c)(.éWS xWS)‘DR )(mz)(s )(Woz}
3.8.2 The same formula with numbers:
@-51)

FFW « 0,05557 -ALF -0.00011 -BET -0.00017 - GAM -0.0080055 DAL +0.006998 KPS

383 The formula for FFD is very similar; the only difference is with the coefficiens ALF conceming the
water:

D - .(Am.fmo)-( MPO2 L(ssr/moy{if’fﬂ..ﬂ'l}“
4-AWH | ave | AwC
(2-52)
4&@:’/1@)»(“"502 gL )«»(DELHGO)'( M2 }w(m»srmo){ lid x
AwS | aws Mz w07 |

3.8.4 The same formula with numbers:

FFD » -0.05564 <4LF -0.00011 -BET'-0.00017 -Gdb -0:0080055 -DEZ +0.006958 -EPS (2-53)
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Derivation of the fuel specific factor Frg

0
-

Used for the calculation of wet concentration from dry concentration according 10 3.12.2 of this

ow
¥
[=9
[(]

conc (wet) Ky rcone (dry) (2-54)

Note: In the following derivation, the symbols for the originally indicated variables differ from the symbols
given in the abbreviations because of the names of the variables in the mentioned program, e.g., Ky,
= Ky = KWEXH.

3.9.2  The derivation of FFH considers dry intake air because formula (2-17) handles water in the intake
air separately.

WELH - (1 —m-ﬂﬂ—) (2-55)
GAR
and where:
conc (wet) - VEXHW ~ cone (dry)- VEXHD (2-56)

(Balance of the volumes)

VH20 | 1000 ) (2-57)

and where:

om0 « M 20 oy ik 10 (2-58)
2oawH

and:

GEXHW -~ GAIRW + GFUEL (2-59)

_ GFUEL -ALF -EXHDENS -MVH20
200 -AWH - (GAIRW « GFUEL )

XEXHW - 1

.1 GFUEL -ALF *EXHDENS MVH20

cat 200 -4t (16.@_) @-60)
GAIRW
. ALF -EXHDENS -MVH20
GFUEL }
GARW

Fpg - FFH 261

200 -AWH ( 1.

3.9.3  This universal formula, applicable for all fuels (with known exhaust density), may be simplified for
diesel fuels as follows:

1

1. GFUEL : (2-62)
GAIRW

Fog = ALF -0.1448 -
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APPENDEX 7

FOR AN ENGINE PARAMETER CHECK METHOD
(Refer to 6.2.3.5 of the NO, Technical Code)

CHECK

1 For same of the parameters lsted below, more than one survey possibility exists. In such cases,
as a guideline, any one of, or a combination of, the below listed methods may be sufficient to show
compliance. Approved by the Administration, the ship operator, supported by the engine manufecturer,
may choose what method is applicable.

1 parameter “Injection timing”
1 fuel cam position (individual cam or camshaft if cams are not adjustable},

- optional {(dependent on design): position of a link between the cam and the
pump drive,

- optional for sleeve metered pumps: VIT index and cam pesition or
position of the barrel, or

- other slesve metering device;

2 start of delivery for certain fuel rack positions (dynamic pressure measurement);

3 opening of injection valve for certain load points, e.g., using a Hall sensor or
acceleration pick-up; N

4 load-dependent operating values for charge air pressure, combustion peak

pressure, charge air emperature, exhaust gas temperature versus graphs showing
the correlation with NG, Additionally, it shall be ensured that the compression
ratio corresponds to the initial certification value (see 1.7);
MNote: To assess the actual timing, it is necessary to know the allowable limits for meeting
the emission limits or even graphs showing the influence of timing on NO,, based on the
test bed NO, measurement results. :
2 parameter “injection nozzle”
1 specification and component identification number
3 parameter “injection pump”
1 component identification number {specifying phumger and barre] design)

4 parameter “fuel cam™

1 ‘componer identification number (specifying shape)
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2 start and end of delivery for a certain fuel rack pesition (dynamic.pressurs
INSASUTSINant)

paramster “injection pressure”

A cnly for common rail svsterns: load-dependent pressuse in the rail, graph showing
the correlation with NO,

parameter “combustion chamber™

1 compozent identification numbers for the cylinder head and piston head
parameter “compression ratic”

1 check for actual clearance

2 check for shims in piston rod or connecting rod

parameter “turbocharger type and build”

1 model and specification (idemification mumbers)

2 load;dependent charge air pressure, graph showing the corrﬁlétian with NOy,
parameter “charge air cooler, charge air pre-heater”

3 model and specification

2 load-dependent charge air temperature corrected to reference conditions, graph
showing the correlation with NO,

parameter “valve timing” (only for 4-stroke engines with inlet valve closure before BDC)
1 cam position

2 check actual fiming

parameter “water injection” (for assessment: graph showing the influence on NO

B Joad-dspendent water consumption (monitoring)

parameter “emulsified fuel” {for assessment: graph showing the influence on NG}

.1 load-dependent fuel rack posiﬁdn (m‘cmitoﬁng)

2 load-dependent water ption (monitoring)
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perameter “sxhaust gas recirculation” {for assessment: graph showing the influence on
NCY

load-dependent mass flow of recirculated exhaust gas (monitoring)

0, concentration in the mixture of fresh air and recirculated exhaust gas, iz, in
the “scavenge air” (monitoring}

0, concentration in the “scavenge air”™ (moniforing)

14 parameter “selective catalytic reduction” (SCR)

1

Icad-dependent mass flow of reducing agent (monitoring) and additional periodical

spot checks on NO, concentration after SCR {for assessment, graph showing ;ﬁs

influence on NO,)

2 For engines with selective catalytic reduction (SCR) without feedback control, optional NO,
measurement (periodical spot checks or monitoring) is useful to show that the SCR efficiency still
corvesponds 1o the state at the time of certification dless of whether the ambient conditions or the fuel
quality led to different raw emissions.
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PROTCCOL OF 1887 TO AMEND THE INTERNATIONAL CONVENTICN FOR
THE PREVENTION OF POLLUTION FROM SHIPS, 1873, AS MODIFIED
BY THE PROTOCOL OF 1978 RELATING THERETO

PROTOCOLE DE 1897 MODIFIANT LA CONVENTION INTERNATIONALE
DE 1973 POUR LA PREVENTION DE LA POLLUTION PAR LES NAVIRES,
TELLE QUE MODIFIEE PAR LE PROTOCOLE DE 1978 Y RELATIF

PROTOCOLO DE 1887 QUE ENMIENDA EL CONVENIO INTERF«}ACJONAL
PARA PREVENIR LA CONTAMINACION POR LOS BUQUES, 1973,
MODIFICADO POR EL PROTOCOLO DE 1978
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ROTOCOL OF 1997 T0 AMEND THE INTERNATIONAL CONVENTION FOR THE
PREVENTION OF POLLUTION FRGM SHIPS, 1873, AS MODIFIED BY
THE PROTOCOL OF 1978 RELATING THERETO

THE PARTIES TO THE PRESENT PROTCCOL,

BEING Parties to the Protocol of 1978 relating to the International Convention for the Prevention
of Pollution from Ships, 1973,

RECOGNIZING the need to prevent and control air pollution from ships,

. RECALLING Prineiple 15 of the Rio Declaration on Eavironment and Development which calls
for the application of a precautionary approach, .

CONSIDERING that this objective could best be achieved by the conclusion of a Protocol of 1997
to amend the International Convention for the Prevention of Pollution from Ships, 1973, as modified by
the Protocol of 1978 relating thereto,

HAVE AGREED as follows:

Article T
Imstrumsent 1o be amended

‘The instrument which the present Protocol amends is the Intemational Convention for the Prevention of
Pollution from Ships, 1973, as modified by the Protocol of 1978 relating thereto (hereinafter referred to
as the “Convention™).

Article 2
Addition of Anunex VI to the Convention

Annex VI entitled Regulations for the Prevention of Air Pollution from Ships, the text of which is set out
in the annex to the present Protocol, is added.

Article 3
General Obligations

1 The Convention and the present Protocol shall, as between the Parties to the present Protocol, be
read and nfexprated iogether as one smgle instrument.

2

Every reference 1o the present Protocol constitutes at the same time a reference to the Annex
hereto.
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Article 4

Amendment procedurs

In applying article 16 of the Convention to an amendment to Annex VI and its appendices, the reference
to “a Party to the Convention” shall be deemed to mean the reference to a Party bound by that Annex.

23

FINAL CLAUSES
Article §
Signature, ratifieation, acceptance, approval and accession

The present Protocol shall be open for signature at the Headquarters of the International Maritime
Organization (hereinafter refemed to as the “Organization”) from 1 January 1998 until

31 December 1998 and shall thereafter remain apen for accession, Only Contracting States to the’
Protocal of 1978 relating to the International Convention for the Prevention of Polhution from
Ships, 1973 (hereinafter referred to as the “1978 Protocol™) may become Parties to the present
Protocol by:

(a) signature without reservaiion as to ratification, acceptance or approva; or

(v signature; subject to raﬁ.ﬁcaﬁon, acceptance or approval, followed by ratification,
acceptance or approval; or

{c) accession.

Ratification, acceptance, approval or accession shall be effected by the depoéit of an instrument to
that effect with the Secretary-General of the Organization (hereinafier referred to as the
“Secretary-General”).

Article 6
Entry inte force
The present Protocol shall enter into force twelve months after the date on which not less than ’
fifteen States, the combined merchant feets of which constitute not less than 50 per cent of the

gross tonnage of the world’s merchant shipping, have become Parties to it in accordance with
article S of the present Protocol

Anyi t of ratification, accep approval or accession deposited after the date on which
the present Protocol enters into force shall take effect three months afier the date of deposit.

After the date on which an amendment to the present Protocol is deemed to have been accepted
in accordance with article 16 of the Convention, any nstrument of ratification, acceptance,
approval ot accession deposited shall apply to the present Protocol as amended.
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Ardels 7
Denunciatien

The present Protocol may be dencurced by auy Party to the present Protocol at any tims after the
expiry of five years from the dare on which the Protocol enters fato forcs for that Party,

Denunciation shall be effected by the deposit of an instrumertt of derunciation with the
Secretarv-General.

A denunciation shall take effect twelve months after recsipt of the notificaiion by the
Secretary-General or after the expiry of any other longer period which may be indicated in the
notification.

A denunciation of the 1978 Protocol in accordance with article VII thereof shall be desmed to
inchide a demmeiation of the present Protocol in accordance with this article. Such denunciation
shall take effect on the date on which denunciation of the 1978 Protocol takes effect in accordance
with article VII of that Protocol

Apticle 8
Depositary
The present Pratocol shall be deposited with the 8 v-General (heren referred to as the
“Depositaty”).
The Depositary shail:

{a) mform all States which have signed +he present Frotocol or acceded thereto off

4] each new signature or deposit of an instrument of ratification, acceptance, approval
or accession, together with the date tereof]

() the date of entry into force of the present Protocolyand

(i)  the deposit of any instrument of demmciation of the prasent Protocol, together with
the date on which it was received and the date on which the denunciation takes
effect; and -

[6)} iransmit certified true copies of the present Protocol to ail States which have signed the
present Protocol or acceded thereto. :

As soon as the present Protocol enters into force, a certified tre copy thereof shall be transmitted
by the Depositary to the Secretariat of the United Nations for registration and publication in
accordance with Asticle 102 of the Charter of the United Nations.
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Axticle 2
Languages

The present Protocol is established in a single copy in the Arabic, Chinese, English, French, Russian and
Spanish languages, each text being equally authentic.

INWITNESS WHERECF the wdersigned, being duly authorized by their respective Governments for that
purpose, have signed the present Protocol.

DONE AT LONDON this twenty-sixth day of September, one thousand nine hundred and ninety-seven,
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ADDITION OF ANNEX VI TO THE INTERNATICNAL CONVENTION ¥FGR
THE PREVENTION OF POLLUTION FROM SHIPS, 1973, AS MODIFIED
BY THE PROTOCOL OF 1978 RELATING THERETD

The following new Annex V1is added after the existing Annex V:

“ANNEX VI

REGULATIONS FOR THE PREVENTION GF AIR POLLUTION FROM SHIPS

CHAPTER I- GENERAL
REGULATION 1
Application

"The provisions of this Armex shall apply to all ships, except where expressly provided othexrwise

inregulations 3, 5, 6, 13, 15, 18 and 19 of this Annex.

(&)
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REGULATION 2
Definitions
f‘or the purpose of this Annex:
"A similar stage of construction” means the stage at which:
{a) construction identifiable with a specific ship begins; and

®) assembly of that ship has commenced comprising at least 50 tonnes or one per cent of the
estimated mass of ail structural material, whichevet is less,

"Continucus feeding" is defined as the pracess whereby waste is fed into a combustion chamber
‘without human assistance while the incinerator is in nomal operating conditions with the
combustion chamber operative temperature between 850°C and 1200°C.

“Emission" means any release of subs‘lances subject to control by this Annex from ships into the
atmosphere or sea.

"New mstallations”, in relation to regulation 1” of this Ame‘{, means the installation of systems,
eguipmment, inciuding new portable fire exi g units, msnlation, or other material on a ship
afier the date on which this Annex enters into force, but excludes repa:r or recharge of previously
mstalled systerns, equipment, insulation, or other material, or recharge of portable fire extinguishing
Tmts.
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"™NOx Techrical Code® means the ode on Cormol of Emissien of MNitrogen Oxi
Moerine Dissel Engmes adopted by Co ce resolution 2, as may be amended
Organization, provided that such amendments ars adopted and brought inte force In accordance
with the provisions of article 16 of the present Convention concerning amendmeant procadures
applicable 1o an appendix to an Annex,

"Ozone deplating substances” means conirolled substances defined in paragraph 4 of article 1 of
the Montreal Protocl on Substances that Depleta the Czone Layer, 1987, listed in Annezes A, B,
C or E to the said Protocol in force 2t the time of application or interpretation of this Annex.

"Qzone depleting substances” that may be found on board ship include, but are not limited to:

Halon 1211 Bromochiorodifinoromethane

Halon 1301 Bromotriffuoromethane

Halon 2402 1,2-Dibromo-1,1.2,2-teiraflucroethane (also known as Halon 11432)
CF(-11 Trichlorofluoromethane

CFC-12 Dichloradifluoromethans

CF(-113 1,1,2-Trichlore-1,2,2-trifluoroethane

CFC-114 1,2-Dichiore-1,1,2,2-tetraffuoroethans

CF{-115 Chloropentafluorosthane

" *Sludge oil" means shudge from the fiel or labricating off waste lubiicating ol from

main or auxiliary machinery, or waste oil from bilge water sépa:amrs, oil filtexing eguipment or
drip trays. . ’

"Shipboard incineration” means the incineration of wastes or other matter on board a ship, if such
wastes or other matter were generated during the nozmal operation of that ship.

YShin serc ‘means a shiphoard facility designed for the primary purposs of Incineration.

3

“Ships constructed” means ships the keels of which are laid or which are at a similar stage of
construction.

"SOx Emission Control Area" means an avea whers the adoption ‘of special mandatory measures
for $Ox emissions from ships is required to prevent, Teduce and control air poflution fom 30x and
its attendant adverse impacts on land and sea areas. SOx Emission Control Areas shall inciude
{hose listed n regulation 14 of this Annex.

*Tanker” means an ofl tanker as defined in regulation 144) of Amnex I or e chemical tanker as
defined in regulation 1(1) of Amnex Il of the present Convention.

“The Protocol of 1997" means the Protocol of 1997 to amend the International Convertion for the
Frevention of Pollution from Ships, 1973, as amended by the Protocel of 1978 relating thersio.



General Exception

3

Regulations of this Annex shall not apply to:

{(a) any emission necessary for the purpose of securing the safely of a ship or saving life atsea;
or .

(b)  any emission resulting from damage to a ship or its equipment:

@ provided that all reasonable precautions have been taken after the occurrence of
the damage or discovery of the emission for the purpose of preventing cr
minimizing the emission; and

" (@) except if the owner or the master acted either with intent to cause damage, or
recklessly and with knowledge that damage would probably resait.

REGULATION 4
Eguivalents -

93] The Administration may allow any fitting, material, appliance or apparatus to be fitied in a ship as
m alternative to that required by this Aanex if sich fitting, material, appliance or apparatus is at -
lenst as effective as that required by this Annex.

) " The Administration which allows afitting, material, applance or apparatus as an altemative to that

required by this Annex shall ¢ icate to the Organization for circulation 1o the Parties to the
present Convention particulars thereof, for their information and appropriate action, if any.

CHAPTER IE - SYURWE’K CERTIFICATION AND MEANS OF CONTROL
REGULATION S
Surveys and Inspections

(1) Every ship of 400 gross tonnage or above and every fixed and floating drilling rig and other
platforms shall be subject to the surveys specified below:

(2)  aninitial survey befors the ship is put into service or before te certificate required under

' reguilation 6 of this Armex s issued for the first time. This survey shall be such as 1o ensure
that the equipment, , fittings, ar ts and material fully comply with the
applicable requirements of this Aonex; ’

©{b)  periodical surveys at intervals specified by the Administration, but not ding five years,
which shall be such as to ensure that the equipment, systers, fittings, arrangements and
material fidly comply with the requirements of this Annesx; and
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imum of one itermedian v during the period of validity of the certificate
be such a5 to ensure that the squipment end arrangements fully comply
requiremnents of this Annex and are in good working order. In cases w anly one such
imtermediate survey is carried out in a single cetificate validity period, and where the
period of the cartificats exceeds 2)4 yaars, it shall be held within six months befors or afier
the halfway date of the certificate’s period of vafidity. Such intermediate surveys shall be
endorsed on the certificate issued under regulation & of'this Annex.

on
< &

Inthe case of ships of less than 400 grass tornage, the Administration may establish appropriate
measures in order to ensure that the applicable provisions of this Amnex are complied with.

Surveys of ships as regards the enforcement of the provisions of this Annex shall be carried out by
officers of the Admimistration. The Administration may, however, entrust the surveys either to
surveyors nominated for the purpose or o organizations recognized by i Such organizations shail
comply with the guidelines adopted by the Organization. In every case the Admiuistration
concerned shall fully guarantee the completeness and efficiency of the survey.

The survey of engimes and equipment for compliance with regulation 13 of this Anmex shall be
conducted in accordance with the NOx Technical Code. :

The Administration shall institute arrar for heduled inspections to be canied out
during the period of validity of the certificate. Such mspections shall ensure that the equipment
remnains in all respects satisfactory for the service for which the equipment is intended. These
inspections may be carried out hy their own inspection service, nominated surveyoss, recognized
czgavizations, or by other Parties upon request of the Administration. Where the Administration,
wader the provisions of paragraph (1) of this regulation, esisblishes mandatory anmual surveys, the
above unscheduled inspections shall not be obligatory.

When a nominated surveyor or recognized organization determines that the condition of the
equipment does zot correspond substzmtially withi the particulars of the certificate, they shail ensure
+that corrective action is taken and shall in due course notify the Administration. If such cozrective
action is not aken, the certificate should be withdrawn by the Administration. fthe shipisina
part of another Pasty, the appropriate authorities of the port State shall also be notified immediately.
When an officer of the Administration, 2 nominated swrveyor or recognized orzanization has
notified the appropriate authorities of the port State, the Government of the port Siate concered
shall give such officer, surveyor or organization amy necessary assistance o carry -out their
obligations under this regulation.

The equipmens shall be maintained to conform with the provisions of this Amex and no changes
shall be made in the equipment, systems, fittings, arrangements, or material covered by the survey,
without the express approval of the Administration. The direct replk t of such equipment and
fittings with equipment and fittings that conform with the provisions of this Annex is permitted.

Whenever an accident oceurs to a ship 'or & defect is discovered, which substantially affects the
efficiency or completeness of ifs equiprnent covered by this Annez, the master or owner of the ship
shall report at the eatliest opporiunity to the Administration, 2 nominated surveyor, or recogmized
organization responsible for issuing the refevant certificate.
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Issue of Internatienal Alr ¥

An International Air Pollution Prevention Certificats shall be iscued, afier survey in accordance
vith the provisions of reguiation 5 of this Annex, 1o:

@ any ship of 400 gross tonmage or-above engaged in voyages to ports ar offshore terminals
under the jurisdiction of other Parties; and

(b}  platforms and drifling rige engaged in voyages to waters under wheAsovereigty or
Jjurisdiction of other Parties o the Protocol of 1997.

Ships constructed before the date of eniry into force of the Protocol of 1997 shall be issued with
an International Air Polltion Prevention Certificate in accordance with paragraph (1) of this
regulation no later than the first scheduled drydocking after entry into force of the Protocol of 1997,
but in no case iater than 3 years after entry imto force of the Protocol of 1997.

Such certificate shall be issued either by the Administration or by any person or organization duly

. authorized by it. In every case the Administration assumes fiill responsibility for the certificate.

REGULATION 7
Tssue of a Certificate by another Covermment

The Govemment of a Party jo the Protocol of 1997 may, at the request of the Administration, cause
2ship o be sirveyed and, if satisfied that the provisions of this Annex are complied with, issae or

uthorize the i of an T ional Air Poilution Prevention Certificate to the ship m
accordance with this Armex. .

o

i

A copy of the certificate and a copy of the survey report shall be ified as soon as p
the requesting Administration.

A certificate so issued shall contain a staternent 1o the effoct that it has been issued at the Teguest
of the Administration and it shall have the same force and receive the same recognition as &
certificate issued under regulation 6 of this Aonex.

o Intemational Air Pollution Prevention Certificate shall be issued to 2 ship which is entiled
1o fly the flag of a State which is not a Party to the Protocol of 1997.

REGULATION 8
Form of Certificate
The Infemational Air Pollution Prevession Certificate shall be drawn up in an official language of
the issuing country in the form corresponding to the model given in appendix I to this Annex. I

the languags used is not English, French, or Spanish, the texi shall inclade 2 transiation into one of
these languages.
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Duration and Yaildity of Certificate

An Intemnational Air Pollution Prevention Certificate shall be issued for a period specified by the
Administraticn, which shall not exceed five years from the date of issue,

No extension of the five-year period of validity of the International Air Pollution Prevention
Certificate shali be permitied, except in accordancs with paragraph (3).

If the ship. at the time when the International Air Pollution Prevention Certificate expires, is notin
a porr of the State whose flag it is entitled to fly or in which it is to be surveyed, the Admivistration
may extend the certificate for 2 period of no more than 5 months. Such extension shall be granted
orily for the purpose of allowing the ship to complete its voyage o the State whose flag it is entifled
‘10 fly or in which it is to be surveyed, and then ovly in cases where it appears proper and reasonable
to doso. After arrival in the State whose flag it is entitled to fly or in which it is to be surveyed, tae
ship shall not be entitled by virtue of such extension to leave the port or State without having
obtained a new Intemational Air Pollution Prevention Certificate.

An Intermational Air Pollution Prevention Certificate sholl cease to be valid in any of the following
circumstances:

{a) if the inspections and surveys are not cartied out within the periods specified under
reguiation 5 of this Annex; .

») if significant afterations have taken place 1o the equipment, systems, fittngs, arrangements
or material fo which this Annex applies without the express approval of the Administzation,
except the direct replacement of such equipment or fitiings with equipment or fittiogs that
conform with the requirements of this Annex. For the purpose of regulation 13, significant
alteration shall include any change or adjustment to the systers, fiitings, or arrangement of
a diesel engine whick resulis in the nitrogen oxide #mits appiied fo that engine no longer
‘eing complied with; or.

{c upon transfer of the ship to the flag of another State. A new cartificate shall be issued only
when the Government issuing the new certificate is fully satisfied that the ship is in full.
compliance with the requirements of regulation 5 of this Annex. In the case of a transfer
between Parties, if requested within three months after the transfer has taken place, the
Government of the Party whose flag the ship was formerly entitled to fly shall, as soon as
possible, transmit to the Administration of the other Party a copy of the Internatfonal Air
Pollution Prevention Certificate carried by the ship before the transfer and, if available,
copies of the relevant survey reports. :

REGULATION 18
Port State Comirol on Operational Reguirements

A ship, when in a port or an offshore terninal under the jurisdiction of another Party to the Protocol
of 1997, is subject to inspection by officers duly anthorized by such Parly conesraing operational
requiremnents under this Anaex, where there are clear grounds for believing thatthe master or crew
e not fymiliar with sssential shipboard procedures relating 1o the prevention of air poflution from

ships.
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Tn the sircumstznces given in paragraph (1) of this regulation, the Party shall take such steps as will
snsurs that the ship shall not sail unil the situation has been brought 1o order In accordance with
the requirements of this Annex.

Procedures relating to the port State control prescribed in article 3 of the present Convention shail
apply 1o this reguiation.

Nothing in this regulation shall be construed to limit the tights and obligations of a Party carrying
aut control over operational reguirerents specifically provided for in the present Convention.

REGULATION 11
Detection of Vislations and Enforcement

Parties fo this Annex shall co-operate in the detection of violations and the enforcement of the
provisions of this Ammex, using all appropriate and practicable measures of detection and
envirormental monitoring, adequate procedures for reporting and accumuiation of evidence.

A ship o which the present Annek applies may, i any port or offshoia terminal of a Panty, be
subject to inspection by officers appointed or authorized by that Party for the purpose of verifying
whether the ship has emitted any of the substances coveraed by this Annex in viclation of the
provision of this Apnex. If an inspection indicates a violation of this Annex, a report shall be
forwarded to the Administration for any appropriate action.

Auny Party shall fuamish to the Administration evidence, it any, that the ship has emitted any of the
substances covered by this Annex I violation of the provisions of this Amnex. it is practicable
0 do so, the competent authority of the former Party shall notify the master of the ship of the
alleged violation.

Upon receiving such evid . the Administration so inforraed shall investigate the muiter, and may
request tae other Party to furnish further or betier evidence of the alleged contravention. Ifthe
Administration is satisfied that sufficient evidence is available to enable proceedings to be brought
in respect of the alleged violation, it shall cause such proceedings to be taken in accordance with
its 1w 88 soon as possible. The Administration shall promptly inform the Party which has reported
the alleged violation, as well as the Organization, of the action taksn.

A Party may afso inspect a ship 1o which this Annex applies when it enters the poris or offshore
terminals under its jurisdiction, if a request for an investigation is received from any Party together
with sufficient evidence that the ship bas emitted any of the substances covered by the Annex in any
vlace i violation of this Annex. The report of such investigation shall be sent to the Party
requesting it and to the Administration so that the appropriate action may be taken wmder the
present Convention. o : .

The international law concerning the prevention, reduction, and control of pollution of the marine
environment from ships, including that law relating to enforcement and safegnards, in force at the
tme of appiication or interpretation of this Annex, applies, muratis mutandis, to the rules and
standards set forth in this Amnex.
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EMISSIONS FROM SHIZS

EGULATION 12

Ozope Depleting Substances

Subject to the provisions of regulation 3, any deliberate emissions of ozone depleting substances
shall be prohibited. Deliberate emissions include emissions occurring in the course of meintaining,
servicing, repairing or disposing of’ or equipment, sxcept that deliberate emissions do not
include mindmal releases associated with the recapturs or recycling of an ozone depleting substance.
Emissions arising from leaks of @u ozone depleting substance, whether or not the leaks are
deliberate, may be regulated by Parties to the Pratocol of 1997,

New imstaliations which contain ozone depleting substances shall be prohibited on all ships, except
that new installations containing hydro-chlorofluorocarbons (HCFCs) are permitted until 1 January
2020, : .

The substancss referred fo in this regulation, and equipment containing such substauces, shall be
delivered 1o appropriate reception facilities when removed from ships.
REGULATION 13
Nitrogen Ouides (NOx}
{a)  This regulation shall apply to:

@ each diessl engine with a power output of more than, 130 KW which is fnstalled on
a ship coustructed on or after 1 January 2000; and

&) each diesel engine with a power output of more than 130 KW which undergoes a
major conversion on or after 1 January 2000.

(b)  This regulation does not apply to:
@@ emergeacy diesel. engines, engines installed m liféboats and any device or

equipment intended 0 be used solely in case of erergency; and

(i)  engines installed on ships solely engaged in voyages within waters subject to the”
sovereignty or jurisdiction of the State the flag of which the ship is smtitled to fly,
provided that such engines are subject to an alternafive NOx control measure

blished by the Administration. .

{c)  Motwithstanding the provisions of sub-paragraph (a) of this paragraph, the Administration
may allow exclusion from the application of this regulation to any diesel engine which is
installed on a ship constructed, or on a ship which undergoes a major conversion, before
the date of entry into force of the present Protocol, provided that the ship is solely engaged
in voyages to ports o offshore terminals within the State the flag of which the ship is
entiffed to fly. .
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G +the sngine is replaced by 2 new engine built on or after 1 Jarmary 2000, or

(i) any subswtisl modification. as defined in the NOx Techrical Code, s made to the
engine, of

(iiiy  the maximum condnuous ratng of the engine is increased by more than 10%.

The NOx smission resulting from modifications referred to in the sub-paragraph {a) of this
paragraph shall be documented in accordance with the NOx Technical Code for approval
by the Administration.

Subject to the provision of regulation 3 of this Amex, the operation of each diess] engine
to which this regulation applies is prohibited, excspt when the enussion of sitrogen oxides
{calculated as the total weighted emission of NO) from the engine is within the following
Timits:

&y 17.0g/kWh when nis less than 130 rpm

Gy 45,0459 g/lkWh when nis 130 or more but less than 2000 1pm
G S.8gkWh when 1 is 2000 rpm of more

‘where o = rated engine speed (crankshaft revelutions per mirute).

“When using fuel composed of blends from hiydrocarbons derived from petroleum refining,
test procedure and measurerment methods shall be in accordance with the NOx Technical
Code, taking fnto consideration the Test Cycles and Weighting Factors outlined in zppendix
1 o this Annex.

Nunmlrsfamd_ng +the provisions of sub~para£raph (a) of this paragraph, the operation of a
dissel engine is permitted when:

[63] an exhaust gas clesning SYSIEﬂ‘ approved by the Administration in ac::ordaﬁcn
with the NOx Technical Code, i applied to the engine to reduce unboard NOx
emissions at least to the limiis specified in sub-paragraph (a), or

[6:3] any other equivalent mmhod, approved by the Administration taking into agcount
relevant gwidelines o be developed by the Crganization, is applied o reduce
onbeard NOx emissions at least 10 the Kmit specified in sub-paragraph {a) of this
‘paragraph.
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Sulphur Ozides (SOx)

Ceneral requirements
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The sulphur conternt of any fuel ofl used on board ships shall not exceed 4.5% m/m.

The worldwide average sulphur content of residual fuel oil supplied for use on board ships shall
be monitored taking into account gnidelines to be developed by the Organization,

Reguirsments within SOx Emission Contral Areas

®

@

For the purpose of this regulation, SOx Emission Control Areas shail iriclude:
(a) the Baliic Sea area as defined in regulation 10(1)(b) of Annex I; and

) any other sea area, including port areas, designated by the Organization in accordance with
criteria and procedures for designation of 8Ox Emission Control Areas with respect to the
prevention of air pollution from ships contained in appendix I 1o this Annax,

‘While ships we within SOx Emission Control Areas, at least one of the following conditions shall
be fulfilled:

()  the sulphur content of fuel oil used on board ships in a $Ox Emission Control Area does
not exceed 1.5% rm/m;

(b an exhavst gas cleaning system, approved by the Administration taking into account
guidelines to be developed by the Crganization, is applied to reduce the total emission of
sulphur oxides from ships, including both auxiliary and main propulsion engines, 10 6.0 g
SOx/kWh or less calculated as the total weight of sulphur dioxide emission. Waste sireams
frora the use of such equipment shall not be discharged into enclosed ports, harbours and
estuaries uniess it can be thoroughly documented by the ship that such waste streams have
10 adverse impact on the ecosystems of such eaclosed ports, harbours and estuaries, based
upon criteria communicated by the authorities of the port State to the Organization. The
Grganization shall circulate the criteria to all Parties to the Convention; or

{© any other technological method that is verifiable and enforceable to limit S0x emissions
0 2 level equivalent to that described in sub-paragraph (b) is applied. These methods shall
be approved by the Administration taking into account gridelines to be developed by the
COrganization. :

The sulphur content of fuel oil referred to in paragraph (1) and paragraph (4)(a) of this regulation
shall be documented by the supplier as required by regnlation 18 of this Annex.

Those ships using separate fuel cils to comply with paragraph (4)(a) of this regulation shall allow
sufficient time for the fuel oil service system to be fully flushed of ail fuels excesding 1.5% m/m
sulphur content prior to entry into a SCx Emission Conirol Atea. The volume of low sulphur fuel
oils {less than or equal 1o 1.5% sulphur content) in each tank as well as the date, time, and posidon
of the ship when any fuel-changeover operation is compieted, shall be recorded in such log-book
as prescribed by the Administration.
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ive months immediately foilowing entry into forcs of the prasemt Protocol, or
of an amendmerr to the present Protocol designating & specific SOx Emission Control
paragraph (3)(b) of this regulation, ships sntering a SOx Emission Control Ares
paragraph (3)(a) of this regulation or designated umder paragraph (3X(b) of this regulation are
exempted from the requirsments i paragraphs (4) and (6) of this regulaton and from the
Tequirements of paragraph (5) of this regulation insofar as they relate to paragraph (4){(a) of this
zegulation.

REGULATION 15
Volatile Organic Compounds

if the emissions of volatile organic compounds (VOCs) from tankers are to be regulated in ports
or terminats under the furisdiction of & Party fo the Protocol of 1997, they shail be regulated in
accordance with the provisions of this regulation.

A Party to the Proiocol of 1997 which designates ports or terminals under ifs jurisdiction in which
VOCs emissions are to be regulated, shall submit a notification to the Crganization. This
notification shall include information on the size of tankers to be controtled, on cargoes requiring -
vapea emission conttrol systems, and the effective date of such control. The notification shall be
submitted at least six mmonths before the effective date. -

The Govemnment of each Party to the Protoco! of 1997 which desigates ports or terminals at which
YOCs emissions from tankers are 1o be regulated shall ensure that vapour emission control systems,

" approved by that Govemment taking into sccount the safety standards developed by the

Orgarization, are provided in ports and terminals designated, and are operated safely and iz a
mammer 80 as 1o avoid undue delay to the ship.

The Organization shall circulate a list of the ports and terminals designated by the Parties to the
Protocol of 1997 to other Parties to the Protocol of 1997 and Member States of the Organization
for their Information.

AN tankers which are subfect to vapour emission cantrol in accordance with the provisions of
paragraph {2} of this regulation shall be provided with a vapcur coflection system approved by the
Administratior: taking into accouat the safety standards developed by the Organization,-and shall
use suck system during the loading of such cargoes. Términais which have installed vapour .
emission contro} systems f accordance with this regulation may accept existing tankers which are
not fitted with vapour collection systems for a perod of thres years affer the effective date
identified in paragraph (2).

This regulation shall only apply to gas carriers when the type of loading and containment systezns
allow safe retention of nen-methane ¥OCs on board, or their safe retum ashore.
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Shigbeard Incineration

Excapt as provided in paragraph (3), shipboard incineration shell be allowed only in a shipboard
incinerator.

(= Except as provided in sub-paragraph (b} of this paragraph, each incinerator fnstalled on
board & ship on or afier 1 Januaty 2000 shall meet the requirements comtained in appendiz
TV to this Annex. Each incinerator shall be approved by the Administration taking into
accoumt the standard specifications for shipboard imcinerators devsloped by the
Organization

(b)  The Administration may allow exciusion from the application of sub-paragraph () of this
paragraphto any incinerator which is iostalled on board a ship before the date of entry into
force of the Protocol of 1957, provided that the ship is solely engaged in voyages within
waters subject to the soversignty or jurisdiction of the State the flag of which the ship is
enttled to fly.

Nothing in s regulation aﬁ'ec%s the prohibition in, or other Tequirernents of, the Convention on
the Prevention of Marne Pollution by Dumping of Wastss and Gther Matter, 1972, as amended,
and the 1996 Proiocol thereto.

Shipboard incineration of the following substances shall be prohibited:

(@ Annex 1, 0 and I cargo residues of the present convention and related cumammatea
uac}ong materials;

() goiychlomazed biphenyls (PCES}

) garbage, as defined in Avnex V of the present Convention, comaining more thau traces aof
heayy metals; and

Tl

(d)  refined peiroleum products containk compourds.

Shipboasd Incineration of sewage ;1udge and shudge oil generated during the normal operation of
2 ship may also take place in the main or auxiliary power plant or boilers, but in those cases, shall |
noi take place inside pozts, harbours and estuaties.

Shiphoard incineration of polyviny! chiorides (PVCs) shall be proi:ubned. except in shipboard
incinerators for which IMO Type Approval Certificates have been issued.

Al ships with incinerators subject to this reguiation shall possess a mamxfacmrers operating
manual which shall specify how to operate the incinerator within the Bmits aescnbed in paragraph 2
of appendix IV to this Armes. .

Personnel responsibie for operation of any incinerator shall be trained and capable of implerenting
the guidance provided in the manufacturer’s operating manual.
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juired at ail dmes and waste shail

Monttoring of combustion fu
7 en the temperature is below the

not be fed imto a comtinug
minimum allowed temperature of C. T unit sha
be designed so that the temperature in the combustion chamber shall reach 600°C within 3 mimutes

after start-up.

Nothing in this reguiation precludes the development, installation and operation of alternative
design shipboard thermal waste treatment devices that mest or exceed the requirements of this
Tegulation.

REGULATION 17

Reception Facilities

The Government of each Party to the Protocol of 1997 undertakes to ensure the provision of
facilities adequate to meet the:

{a) needs of ships using its repair ports for the reception of ozone depleting substances and
equipment containing such substances when removed fom ships;

(b)  mneeds of ships using its ports, fermimals or repair ports for the reception of exhaust gas
cleaning residues from an approved exhaust gas cleaning system when discharge into the
maring environment of these residues is not permitted under regulation 14 of this Annex;

without causing undue delay to ships, and

© needs in ship breaking facilities for ihe reception of ozone depleti and
equipment containing such substances when removed from ships.

Bach Party to the Protocol of 1997 shall notify the Organization for transmission to the Members
of the Crganization of all cases where the facilifies provided under this regulation are unavailable
or alfeged to be inadequate.
REGULATION i8
Fuel Oil Quality

Fuel off for combustion purposes defivered to and used on board ships to which this Annex applies
shall meet the following requirements:

{a) except as provided in sub-paragraph (b):
@ the fuel ol shail be blends of hydrocarbons dexived from petroleum refining. This
shall not preclude the incorporation of small amounts of additives mtended to
improve some aspects of performance; o

fix) the fuel oil shall be free fromn morganic acid;

(i)  the fuel ofl shall not include any added substance or chemical waste which either:



@
B

“@

&)

(6}

121

B
-t
oo

(1) jecpardizes the safs ely affects the parformunce of the

machinary, of
@) is harmfid to personmel or

©)] conmributes overall 1o additional air pollution; and

® fuel off for combustion purposes derived by methods other than petrolenm refining shall
ot B

@ exeed the sulphur content set forth in regulation 14 of this Annex:

(D) cause an engine to excesd the NOx emission Hmits set forth in regnlation 13(3)(a)
of this Annex;

)  contain inorganie acid; and

vy (1) jeopardize the safety of ships or adversely affect the performanc., of the
smachinery, or

2 ‘e hatmiul to personned, or
3 conribute overall to additional aiv poltution.
This regulation does not apply to coal in it's sclid form or nuclear fuels.

For each ship subject o regulations 5 and. 6 of this Annex, details of fuel oil for combustion
purposes defivered to and used on board shall be recorded by means of a bunker delivery note
which shall contain st least the inforraation specified in appendix ¥ to this Ammex.

The bunker defivery note shall be kept on board the ship in such 2 place as {0 be readily available
for inspection at all reasonable times, It shall be retained for a penod of three years after the fuel
oil has been delivered on board. .

{a) The cornpstent authorty of the Government of a Party to the Protocol of 1997 may fnspect
the bunker delivery notes on board any shipto which this Annex applies while the ship is
in fis port or offShore terminal, may make a copy of each delivery note, and may require
the master or person in charge of the ship to certify that each copy is a true copy of such
bunker delivery note. The competent authority may also verify the contents of each note
through consultations with the pert where the note was issued.

& The inspection of the burker delivery notes and the taking of cerﬁﬁed copies by the
competent mnham:y under this paragraph shail be perf’armed as expedmously as possible
without causing the ship to be unduly delayed. .

The bunker defivery note shall be accompanied by a representative sample of the fuel oil deliversd
taking into account gnidelines to be developed by the Organization. The sample is to be sealed and
signed by the supplier’s representative and the master or officer in charge of the bunker operation
on completion of bunkering operations and retained under the ship's control until the fuel oil is
substantially constwmed, but in any case for a period of not less than twelve months from the time
of defivery.
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Pariss 1o the Proweol of 1957 undertake o @

(a) mamtain a register of local suppliers of fuel ail;

(v} requirs Iocal suppliers to provide the bunker delivery note and sampls as required by this
regulation, certfied by the fuel ol supplier that the fusi ofi meers the requirements of
regalations 14 and 18 of this Annex;

© require local suppliers 1o retain a copy of the bunker delivery note for at least 3 years for
inspection and verification by the port State as necessary;

(4}  tzke action as appropriate against fuel oil supplers that have been found to deliver fuel oil
that does not comply with that stated on the bunker delivery note;

{e) inform the Administration of any ship receiving fuel cil found o be noncorapliant with the
- e . P
requirements of regulations 14 or 18 of this Annex; and

@ inform the Organization for ransmission to Parties to the Protocol of 1997 of all cases
where fuel oil suppliers have failed to mest the requirements specified in regulations 14
or 18 of this Apnex.

T comnection with port State inspections carried out by Parties te the Protocol of 1997, the Parties
further undertake to:

(a)  ‘nform the Party or non-Pary wmder whose jurisdiction bunker delivery note was issued of
cases of delivery of noncompliant fuel oil, giving all relevant information; and

(5)  ‘ensure that remedial action as appropriate is taken to bring noncompliant fuel “ofl
discovered into complance.

REGULATION 18
Reqmummemts for Plaiforms and Drifling Rigs

Subjecito mepsowszor\s of paragraphs {2) and (3) of ?]Ixs reguiation, fixed and foating platforms
and drilling rigs shall comply with the requirements of this Annex.

Fmissions directly arising from the exploration, exploitation and associated offshore processing‘ of
sea-bed ruineral resources are, consistent with article 2(3)(b)(i) of the present-Convention, exerupt
frora the provisions of this Annex, Such emissions inctude the following:

{a} emissions resuliing from the incineration of substances that are solely and direcily the result
of expioration, exploitation and associated offshore processing cf sea-bed mineral
resources; including but not limited to the flaring of hydrocarbens and the buming of
cuttings, mmds, and/or siirmuation fluids during well completion and testing Qperamn& and
flaring arsing from upset conditions; i

(b} the release of gases and volatile compounds entrained in drifling fluids and cuttings:
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with the treeroaent, handling, or storag

{d) ernissions from diesel engines that are solely dadicated to the exploration, exploitation and
associated offshore processing of sea~bed mineral resources.

piy 10 the use of hydrocarbons which
ars produced and subsequently used o site as fuel, when approved by the Adwministration,

(3}  Therequirements of regulation 18 of #ds Annex shall not app}



Form of IAPP Certificate
(Reguiation 8)

INTERNATICNAL AR PCLLUTION PREVENTION CERTIFICATE
Issued under the provisions of the Protocol of 1997 to amend the Intemational Convention for the

Prevention of Pollution from Ships, 1973, as modified of the Protocol of 1978 related thereto {hereinafter
referred to as "the Convention”) under the autherity of the Government of:

(full designation of the country)

by

(fiell designation of the comp person or organization
authorized under the provisions of the Convention)

Name of ship Distinctive MO Por:of | Gross tommage
aumber or number | registry
lettexs

Type of ship:  [J ta:nksr'
O ships other than a tanker

THIS I8 TO CERTIFY:

1 That the ship hes been surveyed in accordance with regulation 5 of Annex V¥ of the Convention;
and

2. That the survey shows that the equipment, systems, fittings, arrangements and matexials fuily

comply with the applicable requirements of Ammex VI of the Convention.

This certificate is valid vmtil
subject to surveys in accordance with regulation 5 of Aanex VI of the Convention.

Issued at

(Place of issue of certificats)

(Date of issue) (signaiure of duty authorized official
issuing the certificate)

(Seal or stamp of the authority, as appropriare)
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THIS IS TO CERTIFY that at a survey required by regulation 5 of Annex VI ofthe Convention the ship
as found 1o comply with the relevant provisions of the Convention:

Amnual survey: Signed.
(Signature of duly authorized official)

Placs.

Date.

" {Seal or stanip of the awthoriiy, as approprisie)

Armual*/Iotermediste™ survey: . Signed
{Signature of duly authorized official)

Plac

Date.

(Seal or stamp of the suthority, as appropriate)

Angoal*/intermedizie™ survey: Signed.
{Signatuore of duly authorized official)

Placs,

Date.

(Se&l or starp of the authority, as appropriate)

Anpual strvey: . Signed...........
{Signature of duly authorized official)
Place. »
TDBEE, e r e eenetr s et s

{Seal or stamp of the authority, as appropriate)

# Delete as appropriate



RECORD OF CONSTRUCTION AND EQUIPMENT

respect of the provisions of Annex VI of the International Convention for the Prevention of Pollution
from Ships, 1873, as modified by the Protocel of 1978 relating therato (hereinagter referred 10 as "the

Convention™).

 Notes:
1 This Record shall be permanently attached to the IAPP Cerdficate. The IAPP Certificate shail
be available on board the ship at all fimes.
2 Ifthe language of the original Record is not English, French or Spanis, the text shall include
3 franslation. inte one of these languages.
3 Eatries in bozes shall be made by serting either a cross (x) for the answer "yes” and
"apiplicable” or a () for the answiers "no” and "not appliczble” as appropuiate.
4 Unless otherwise stated, regulations mentioned in this Record refbr to regulations of Annex VI
of the Convention and resolutions or circulars refer to those adopted by he International|
Matitime Organizaton.
1 Partcniars of ship
11 Nameofslp ...oovivimeniavienconannnt e e
1.2  Distinctive number of JeHEIS .. ... o i e
13 DY Lo Foros 12 - D A R R
T4 POTEOFTEEISIY. « .o\ ver s ees am e ame et e o m e e et s
15 GROSSTOBAAZE . - Lottt v ee e n i man e
1.6  Date on which keel was laid or ship was at a similar stage of copstruction ... ...
1.7  Date of commencement of major engine conversion (f applicable)(regulation 13) :
2 Control of emissions from skips

z.1

Ozone depleth i dation 12}
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ipment containing halons

Svstern Equipment Location on board

e

‘The following systems and equipment containing CFCs may continue in service:

System Equipment Location on board

The following systeros containing hydro-chlorofluorocarbons
(HCFCs) instafled before 1 January 2020 may continue in service: . ...............

System Equipment Location on board

Nitrogen oxides (NOX) (regulation 13}

The following diesel engines with power output greater than 130 kW,

and installed on a ship consiructed on or after 1 January 2000,

comply with the emission standards of regubation 13(3)(a) in accordance

with the NOx Technical Code: . ..... ... oo,

Manufacturer | Serial Use Power Rated Speed
and Model Number Output (KW) (RPM)

[m]



=r than 130 kW,
) on or after
1 January 2000, comply with the emission standards '°)(a) i
accordance with the NOx Techmical Coder. .. ... .. iii i, .

]

Manufacturer Serial Use Power | Rated Speed
and Model number Cutput ®RPM)
EW)

2.23 The following diesel engines with a power output greater than 130 KXW and installed on a ship
constructed on or after 1 Jannary 2000, or with a power output greater than 130 kW and which
underwent major conversion per regulation 13(2) on or after 1 January 2000, are fitted with an.
exhaust gas cleaning system or other equivalent methods in accordance with regulation 13(3), and

0

the NOx Technical Cade: ... .. i i i i
IManufacturer Serial Use Powsr Output Ratad Speez'{
and Model TNumber &) REMY

2.2.4 The following diesel engines from 2.2.1, 2.2.2 and 2.2.3 above are fitted with NOx emission
a

- Manufacturer Serial Use Power Output | Raied Speed
nd Model | Number ) ®PM)
23 Sulphur oxides (SCx) {regulation 14)

2.3.1 ‘When the ship operates within an SOx Emission Control Area specified in regulation 14{3), the
ship uses:

1 fuel oil with a sulphur content that does not exceed 1.5% m/m as documentsd
by bunker delVery BOTES; OF . .. .. .ottt ittt i O
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2 an approved sxlianst gas cleaning system to reduce SOx emissicns

below 6.0g SOx/k™

other approved technology to raduce SOx emissicns below 6.0 §

Volatile organic compounds (VOCs) (regulation 15}

2.4
2.4.1 The tanker has a vapour collection system installed and appros;ed in
accordance with MSC/CIre. 585, (. i i e e e
25  The ship has an incinerator: N ‘
1 which complies with resolution MEPC.76(40) as amended .. ... ... .......

installed hefore 1 January 2000 which does not comply with

vl
resolution MEPC.76(40) asamended .. ... ... ... i

THIS IS TO CERTIFY that this Record is correct in all respects.

Issued 2t
{Place of issue of the Record)
’ Date of Issue {Signature of duly suthorized official
issuing the Record)
Seal or Stamp
of the authority,

as appropriate



TEST CYCLES AND WEIGHTING FACTORS
{Reguiztion 13)

The fellowing test eycies and weighing factors should be applied for verification of comphiance of
marine diese! engines with the NO, limits in accordance with regulation 13 of this Annex using the test
procedure and calenlation method as specified in the NO, Technical Code.

1

2

3

4
S

For constant speed marine engimes for ship main propulsion, including diesel slectric drve,
test cycie EZ should be apphied.

For variable pitch propeller sets test cycle E2 should be applied.

For propeller law op

d main and propeller law op

E3 should be applied.
For constant speed auxiliary engines test cycle D2 should be applied.
For variable speed, variable load auxiliary engines, not inclnded above, fest cycie C1

should be applied.

Test cycle for "Constant 8peed Main Propuision” Application
(incl. Diesel Elestric Drive or Variable Pitch Propeller Instalfations)

d auxiliary sngines the fest eycle

Speed 100 % 100 % 100 % 100 %
Test cycle type E2 Power 100% 5% 50% 23%
Weighting | 0.2 0.5 0.15 0.15
Factor
Test cycle for *Propeller Law cperated Main and Propeller Law operated Auxiliary Engine' Applcation
Speed 100 % %1 % 30 % 63 %
Test cycle type E3 Power 100 % 75 % 50 % 25%
Weighting 0.2 0.5 0.15 0.15
Factor
Test cycle for "Constant Speed Auxitiacy Engine” Application
Speed 100% | 100% | 100 % | 100 % | 100 %
Test cycle type D2 Power 100% | 75% | 50% | 25% | 10%
Weighting | 0.05 0.25 03 03 | 01
Factor
Test cycle for "Variable Speed and Load Auxiliary Engine" Application
Speed - - Rated Intermediate - idle
Testcycletype C1 | Torque % | 100% | 75% | 50% | 10% {100% | 75% | 50% (0%
Weightng { 0.15 | 0.15 | 013 0.1 0.1 0.1 01 |01s
Factor :




{Reguiation 14)

1 OBIECTIVES
1.1 .The purpose of this appendix is o provide the criteria and procedures for the designation of S§0x
Emission Conirel Arzas. The Qb;ecuve of 80x Emission Control Areas is 10 prevent, reduce, and conirol
air pollution from 80x emissions from ships and their attendant adverse impacts on land and sea areas.

12 A SOs Emission Control Area should be cansidered for adoption by the Organization if suppited
by a demonstrazed need to prevent, reduce, and conirol air polluiien from SOx emissions Fom ships.

2 PROPOSAL CRITERIA FOR DESIGNATION OF A SOx EMISSION CONTROL AREA

2.1 A proposal o the Crganization for designation of a SOx Emission Comirol Area may be submitted
only by contracting Sttes io the Protocol of 1997, Where two or more confracting States have a common
initerest in & particular area, they should formulate a coordinated proposal

22 The proposal shall inclode:

1 a clear delineation of the proposed area of application of contrcls on 80x cmissions from
ships, along with a reference chart on which the area is marked;

2 - adescription of the land and sea areas at tisk from the Impacts of ship SOx emissions;

3 an assessment that SOx emissions from ships operating in the proposed area of application
of the SOx emission controls are coniributing to air poliution from SOx, including SOx
depcsition, and their attendant adverse impacts on the land and sea areas under
consideration. Suck assessment shall inelude 2 description of the impacts of S0x
emissions on terrestrial and aquatic ecosystems, areas of natural productivity, chfical
habitats, water quality, humen health, and aveas of cultural and scientific significance, &
applicable. The sources of relevant data including methodologies used, shall be identified;

4 relevant information pertaining o the meteorological conditions in the proposed area of
application of the S0x emission controls and the Jand and sea areas at risk, in patticular
prevailing wind patterns, or to topographical, geological, oceanographic, merphological,
or other conditions that may lead to an increased probability of higher localized air
pollution or levels of acid.iﬁcsiicn;

the nature of the ship traffic in the propesed SOx Emission Controi Area, including the

I
pattems and density of such waffic; and

6 a description of the comrol measures taken by the proposing contracting State or
conacting States addressing land-based sources of SCx emissions affecting the area ar sk
that ars in place and operating concarrent with the consideration of measures to be adopted

in relation t¢ provisions of regulation 14 of Annex VI of the present Convention,
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graphical limits of an 8Ox Emission Comtrol Arez will be based on the relevant critert
cluding SOx amission and depositien Fom ships navigating in the proposed area. waffic
patrerns and density, and wind conditions.

proposal 1o designate a given area as an SOx Emission Control Area should be submitted o the
Organization in accordance with the rules and proceduras established by the Organization

3 PROCEDURES FOR THE ASSESSMENT AND ADOPTIONM OF SOz EMISSION
CONTROL AREAS BY THE ORGANIZATION

3.1 The Organization shall consider each proposal submitted to it by a contracting State or contracting
States.

32 A SOx Emission Control Area shall be designated by means of an amendment to this Annex,
considered, adopted and brought into force in accordance with article 16 of the present Convention.

33 In assessing the proposal, the Organization shall take into account the criteria which are to be
included in each proposal for adoption as set forth in section 2 above, and the relative costs of reducing
sulphur depositions from ships when compared with land-based controls. The economic impacts on
shipping ergaged i international trade should also be taken into account.

4 OPERATION OF SOx EMISSION CONTROL AREAS

4.1 Parties which have ships navigating in the area are encouraged to bring o the Organization any
concems regarding the operation of the area. :
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{Regulation 16}

Shipboard incinerators described in regulation 16(2) shall possess an IMO type spproval cenificate

for each incinerator. In order to obtain such certificate, the imcinerator shall be designed and built to an
approved standard as described in regulation 16(2). Each model shall be subject to a specified type
approval test operation at the factory or an approved test facility, and under the responsibility of the
Administration, using the following standard fiel/waste specification for the fype approval test for
deterrmimng whether the incinerator operates within the limits specified in paragraph (2) of this appendix:

@

Shadge Oil Consisting oft 75% SLUDGE OIL FROM HFO;

3% WASTE LUBRICATING OIL; and
20% EMULSIFIED WATER.

Solid Waste consisting off 50% Food Waste

50% Rubbish Containing
Approz.  30% Paper,
" 40% Cardboard,
v 10% Rags,
" 20% Plastic
The mistare will have up o 50% moisture and
7% incombustible sofids.

Incinerators described in regulation 16(2) shall operate within the following limits:

G, n Combuston Chamber: 6-12%

CO inFloe Gas Maximumn

Average: 200 mg/MJ

Soot Number Maximum Average: - BACHARACH 3 or

RINGELMAN 1 {20% opacity)
(& higher soot number is acceptabie only during
very short periods such as starting up)

Unburned Components i

Ash Residues:

Maxcimum 10% by Weight

Combustion Chamber Flue Gas
COutlet Temperahre Range: 850 - 1200 degress Celsius.
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Name and IMG Number of receiving ship

Port

Date of commencement of delivery

Narne, address, and telephone number of marine fizel oil supplier
] Product name(s)

Quantity in metric tons

Density at 15°C, kg/m®

Sulphur content {Ybm/m)

A declaration signed and certified by the fuel oil supplier's zepresemative' that the fuel oil supplied is in
conformity with regulation 14 (1) or (4)(2) and regulation 18(1) of this Annex.

o
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