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REVIEW AND UPDATE OF ANNEX 16, VOLUME II

TO ADDRESS LTO EMISSIONS

SUMMARY

The ICAO CAEP should undertake an assessment of the adequacy and efficiency of the current aircraft engine emissions standards and recommended practices prescribed in Annex 16, Volume II.  The goal of this assessment would be to identify the required technical enhancements and improvements that are necessary to update the standards and increase their effectiveness in addressing emissions during the landing and takeoff cycle.
1

Background

1.1

In 1981 ICAO first adopted standards relating to the control of fuel venting, smoke, and gaseous emissions (HC, CO, and NOx) from turbojet and turbofan engines intended for subsonic and supersonic propulsion.  These standards were developed to address aviation's contribution to air pollution in the vicinity of airports.  Since the original standards were put into place, they have been modified twice, each time to reduce the permissible levels for NOx emissions.

1.2

There is a growing worldwide concern about the environmental impact of aircraft engine emissions from a regional and local air quality standpoint.  Emissions of nitrogen oxides (NOx) have multiple environmental quality impacts at the ground level.  NOx emissions contribute to the formation of ozone, particulate matter, excess nitrogen loads to sensitive water bodies, and acid rain.

1.3

Local concerns about environmental impact of emissions may cause a major impediment to aviation's future growth and development.  For example, stringent ozone and particulate matter standards under the United States Clean Air Act have resulted in local authorities and environmental groups calling for action from Federal agencies and air carriers to mitigate NOx emissions (that contribute to ozone production) and other pollutants.  Many urban areas in the U.S. are not in attainment with the health-based National Ambient Air Quality Standards.  State and local governments are developing programs to reduce emissions of harmful pollutants, but often find it difficult to achieve their goal without reductions in emissions from so-called national sources, such as marine vessels, locomotives and aircraft.  Moreover, federal laws in the U.S. preempt State and local regulation of aircraft operations and use of the navigable airspace, and preempt State authority to regulate air emissions from aircraft and aircraft engines.

2

Discussion

2.1

The ICAO, through its Committee on Aviation Environmental Protection (CAEP) can provide valuable leadership in addressing concerns over future LTO emissions.  ICAO provides leadership through the development of certification standards and recommended practices (SARP) that are economically reasonable, technologically practicable, and environmentally beneficial.  These standards facilitate and promote the development of international civil aviation by providing the basis for universal recognition of airworthiness certificates under the Chicago Convention.

2.2

The technical expertise that exists in the working groups of the CAEP enables the establishment of the technological, environmental, and economic bases upon which standards are set.  Evaluation of the potential effects (e.g., tradeoffs) or interrelationships that may exist between the pollutants of concern to local air quality and any potential ramifications on global emissions and noise are components of the analysis.  Another component of the analysis is estimating and predicting aviation's emissions burden on local air quality, and assessing the benefits of measures, including source emissions control, in reducing aviation's impact.  In this regard, ICAO can provide valuable leadership to develop the models that are necessary to conduct the local air quality burden and benefits analyses.

2.3

Prior to the fourth meeting of the CAEP (CAEP/4), the Working Group 3 concluded that reductions in LTO NOx emissions are an important element in addressing aviation emissions that contribute to local air quality and ground level ozone, but that such reductions alone would not sufficiently address these problems (i.e. other pollutants and the relationship among pollutants must be considered).  Since the fourth meeting of CAEP, Working Group 3 has progressed within their terms of reference to further their work on establishing alternate emissions methodologies and long term technology goals.  They have also initiated new work to examine the existing LTO emissions certification regime.  These ongoing activities, along with the elements described in section 2.3 and ICAO's mandate to continually work to maintain SARP's dealing with the quality of the human environment, form the basis for a renewed assessment of the current SARP from a broad perspective.

2.4

The basis that has been established contains the following elements:

2.4.1

National health-based standards have been established, which address pollutants that may be affected by aircraft emissions but are not directly covered within the certification process (e.g. particulate matter, ozone, nitrogen dioxide, sulfur dioxide).  These pollutants should be assessed to fully understand aviation's contribution and any relation to the pollutants covered under the current SARP.  For example, nitrogen dioxide is a component of NOx; HC and NOx are precursors of ozone; and the sulfur content of jet fuel is regulated.  A determination, based upon the level of significance to local air quality, including pollutant transport and the contribution of the pollutant to total loading should be made in order to ascertain whether the certification process should be modified, taking into account the costs, technical feasibility, and environmental benefit.

2.4.2

Major research programs have been recently completed both in the United States and in Europe which provide a technological basis upon which to assess future, long-term goal setting, and possibly new standards.

2.4.3

The recent and potential achievements of these research programs should become part of the basis for assessing future emission standards.  The goals or milestones achieved in these research programs could be adopted by the CAEP to establish goals (e.g. NOx reductions, fuel efficiency improvements) for industry performance on new engine designs in the out years.  For the CAEP/6 work program, CAEP should assess the feasibility and economic reasonableness of long-term and forward-looking standards that are aligned with research goals and achievements, and which are consistent with airworthiness standards and continued aviation safety.

2.4.4

Taking into account

· the state of available technology at U.S. Technology Readiness Level 6     and above, or its equivalent,

· the recent technological achievements emanating from research programs and their commercialization, and

· the continuing need for ground-level ozone reduction,

CAEP should consider further stringency of the gaseous emissions standards in the work program for CAEP/6.  CAEP should assure that NOx emissions standards are specifically included in this evaluation.

2.4.5

In addition, CAEP should reassess the most recent NOx standard adopted at CAEP/4 in 1998 for newly designed engines and consider adding a production cut-off date similar to past standards.  The implementation date for the CAEP/4 NOx standard is after December 31, 2003.  The addition of a production cut-off date some time afterwards, would require newly manufactured engines to also comply with the CAEP/4 NOx standard, thus ensuring a level of emissions performance that is applicable to all new engines.

2.4.6 

Instrumentation and measurement technologies have been advanced in the research laboratories of national agencies and companies.  An organization such as the Society of Automotive Engineers (SAE) can provide the necessary body of technical expertise to assess these technologies and recommend measurement practices, which could be evaluated as future modifications to ICAO Annex 16, Volume II.  The E31 committee of SAE has provided technical support to ICAO in the past.  Recently the E31 committee established a panel to address the issues related to particulate measurements, and it is anticipated that this panel will be elevated to full subcommittee status in the near term.  Thus the link between ICAO/CAEP and the SAE E31 committee should be reestablished.

2.4.7 

The current ICAO standards for carbon monoxide (CO) and unburned hydrocarbons (HC) are dated.  The existing CO and HC standards were adopted in June 1981 and have not been revised since that time.  Margins of compliance indicate that the existing standards may not be representative of the current technology.  The regulatory and technical bases for these standards should be evaluated and reaffirmed or else these standards should be modified.  When evaluating the current standards it is important to keep in mind that gaseous emissions are not independent of each other.  Increased CO, HC and/or smoke stringency could adversely affect the development and introduction of NOx reduction technology.  Specifically, NOx reduction utilizing rich burn technology could adversely affect smoke emissions, while NOx reduction utilizing lean burn (staged) technology could adversely affect CO and HC emissions.  These and other effects must be addressed if modifications to the current standards are considered.

2.4.8

The current ICAO standard for smoke is dated. The existing smoke standard was also adopted in June 1981 and has not been recently reviewed in relation to the current state of technology and as a means of measurement.  The regulatory and technical bases for this standard should be evaluated and reaffirmed or else this standard should be modified, taking into account the activity described in section 2.4.6, and keeping in mind the relationship between NOx and smoke as discussed in section 2.4.7.

2.4.9

The current landing and takeoff cycle definition, with respect to the time in operating mode, needs to be reaffirmed or modified to reflect current technology and operational understanding, taking into account preservation of the historical database that has been established.

3

Recommendation

3.1

CAEP is invited to:

a. Undertake an assessment of the adequacy and efficiency of the current aircraft engine emissions standards and recommended practices prescribed in Annex 16, Volume II.  The goal of this assessment would be to identify the required technical enhancements and improvements that are necessary to update the standards and increase their effectiveness in addressing emissions during the landing and takeoff cycle.

b. Recognizing that the proposed assessment includes several aspects, establish priorities based upon demonstrated environmental need and the potential benefit to be obtained from further ICAO action, while adhering to the ICAO principles of certification standards and recommended practices that are economically reasonable, technologically practicable, and environmentally beneficial.

c. Evaluate the potential effects (e.g. tradeoffs) or interrelations that may exist between pollutants under consideration for reductions of local air quality impacts before moving forward with goal setting or establishing new standards.  Likewise any action that is taken to address local air quality concerns must also be mindful of any potential ramifications upon regional or global emissions and noise.

d. Recognizing the need for this assessment to have the full support of the CAEP membership, engage individuals from Member States and Observer organizations in the underlying detailed work.  Specific parties should be identified, early on, to lead various components of the assessment.  CAEP members should support the participation of scientific and technical experts from a diverse range of disciplines to provide information, data, opinions, etc. to initiate and progress the work activities outlined above.

� The U.S. National Aeronautics and Space Administration Advanced Subsonic Technology Program and the European Union Fourth Framework Program.
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