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Table of Potential Measures
The following criteria have been used to assess the potential application of each of the measures shown in the template:

· Potential relative gains: low < 2%; medium 2 – 5 %; high 5 – 10 %; very high > 10
 %;
· Possible timescales: short: < 5 years; medium 5 – 15 years; long > 15 years (timing for measures to be available; full effect not necessarily reached within this timescale);
· Estimated costs: low, medium, high, very high
.
Note:
A copy of the template below (blank) was provided to key industry representative groups and their input sought on available and potential measures.

1) Aircraft-related Technology Development

	Measure
	Definition
	Implementing entity
	Examples of  Implementation
	Potential Relative Gains 

	Estimated costs
	Possible timescales - implementation
	Possible assistance to developing countries
	Comments

	Aircraft
 minimum fuel efficiency standards
	Near-term mandatory fuel efficiency standard, setting non-demanding requirements


	ICAO
	USA (CAFÉ standards).
	Low to Medium
	Low to Medium 
	Medium
	Standards applicable to all
	Would provide a stronger signal than historic reliance on high fuel costs to increase efficiency. Experience of minimum fuel standards for automobiles in U.S. have shown this is not nearly as effective as market incentives in providing improvements in fuel efficiency for aircraft.

	Aggressive aircraft fuel efficiency standards, setting standards for the future
	Longer-term mandatory fuel efficiency standards to encourage innovation
	ICAO
	
	Medium to High
	Medium to High
	Medium- Long
	Standards applicable to all
	Would provide an aggressive signal rather than historic reliance on high fuel costs to increase efficiency.  Aircraft fuel efficiency improvements without corresponding system level improvements will limit overall gains.

	Purchase of new aircraft
	Progressive replacement of ageing aircraft fleet with aircraft that perform well to current standards
	Airlines/States
	Multiple airlines
	Very High
	High
	Medium to Long for fleet especially in developing countries
	Finance and technology
	Commercial decisions of airlines could be assisted by State incentives. Airlines with oldest fleets may have greatest difficulty raising funds for new aircraft. There is a need to retain fair competition.  

Could be assisted by State incentives.

	Retrofitting and upgrade improvements on existing aircraft
	Improve fuel efficiency through development of modifications such as winglets, riblets, replacement of engines, avionics, etc.
	Manufacturers and airlines/States
	Multiple airlines
	Low  to High
	Low to  Medium
	Short to Medium
	Finance and technology
	Commercial decision dependent on availability of particular retrofits, their performance characteristics, and timing.
Could be assisted by State incentives.

	Optimising improvements in aircraft produced in the near to mid-term
	Maximising contribution of lightweight materials, engine technology, auxiliary power sources in aircraft planned for the near future

	Manufacturers and airlines, States
	
	Low to Medium
	Medium
	Short
	Finance and technology
	Commercial decision between airlines and manufacturers.  
Could be assisted by State incentives.


	Avionics
 
	Next generation avionics systems supporting future ATM system approaches.
	Manufacturers ,airlines, ICAO, States
	To be developed in liaison with NextGen and SESAR projects 

Support for R&D through demonstration phase. 

Accelerated certification process after completion of tests. 

Global standards and recommended practices to achieve harmonised and timely introduction. 
	Low to Medium
	Medium
	Short to Medium
	Finance and Technology
	Could be assisted by State incentives.

	Adoption of revolutionary new designs in aircraft/engines
	Designs such as open rotor, blended wing body, improved laminar flow, etc
	Manufacturers and airlines
	
	High to Very high
	High
	Medium to Long
	Finance and technology
	Could be assisted by State incentives.

	Alternative Fuels
	Development of biofuels or other fuels with lower carbon lifecycle content and fuel standards

	States; manufacturers; petroleum Industry; airlines
	
	Medium to Very High
	Medium to High
	Medium to Long
	Should be available for use at all major airports
Developing Countries may be more suitable to new infrastructure.

	Must be sustainable and consider full life cycle costs
Could be assisted by State incentives.


2) Improved Air Traffic Management and Infrastructure Use

	Measure
	Definition
	Implementing entity
	Examples of  implementation
	Potential relative gains
	Estimated costs
	Possible timescales
	Possible assistance to developing countries
	Comments

	More efficient ATM planning, ground operations, terminal operations (departure and arrivals), enroute operations, airspace design and usage, aircraft air navigation capabilities. 
	Measures to improve pre-departure planning, ground operations, collaborative decision making, use of optimum flight levels, optimum routings, flexible tracks, and fuel efficient departure and approach procedures, fully utilize RNAV/RNP capabilities, flexible use of civil-military airspace, 
	Air Navigation Service Providers
	Australia; RSA; Europe (Single European Sky); and USA (System Wide Information Management (SWIM prototype release); NAS comprehensive for NextGen (medium term)
	Low to Medium
	Medium to high
	Short to medium
	Finance and access to technology
Technical support through education and training.
	Aeronautical Information System (AIS) intensive with need for advance ATM communication and aircraft equipage
Could be assisted by State incentives.

	More efficient use and planning of airport capacities
	Measures to improve taxiing, parking, to enhance terminal support facilities and to plan new capacities when bottlenecks cause environmental problems
	Airports
	
	Low
	Medium to High

	Short to Medium
	Technical support through education and training.
	Could be assisted by State incentives.

	Conversion of airport infrastructure and ground support equipment to clean fuels. 
	electrical / gas / biofuels operated ground vehicles
	Airports
	USA (VALE Program)
	Low
	Low
	Short
	Finance and technical assistance.
	VALE Program (example of State incentives)

	Airports: construction of additional runways
	
	
	USA
	Medium to High
	High
	Medium to Long Term
	Technical assistance.
	Could be assisted by State incentives.

	Enhanced terminal support facilities
	GPU’s (replacement by direct electrical supply), preconditioned air
	
	USA
	Low
	Low to Medium
	Short to Medium
	Technical assistance.
	Could be assisted by State incentives.

	Improved public transport access
	Improved public transport access to airports
	
	
	Low
	Medium
	Short to Long
	Technical assistance.
	Could be assisted by State incentives.

	Collaborative research endeavors
	Efforts to implement international air traffic management improvements (AIRE and ASPIRE)
	States, ANSPs, Airlines
	USA, Europe, Australia, NZ
	Low
	Low to Medium
	Short to Long
	Technical assistance.
	Could be assisted by State incentives.


3) More efficient operations

	Measure
	Definition
	Implementing entity
	Examples of  implementation
	Potential relative gains
	Estimated costs
	Possible timescales
	Possible assistance to developing countries
	Comments

	Best practices in operations
	Minimising weight, improving load factors, training pilots
	Airlines
	
	Low to medium
	Low
	Short
	Technical assistance and training
	

	Optimised aircraft maintenance (including jet engine cleaning/washing)
	Ensure maintenance schedule maximizes environmental performance
	Airlines; manufacturers
	USA (P&W Program)
	Low
	Low
	Short
	Technical assistance and training

	Already in place for certain airlines

	Selecting aircraft best suited to mission
	Tailoring aircraft selection to use on particular routes/missions (long haul, short haul, etc.
	Airlines
	
	Low to Medium
	Medium
	Short to long-term.
	Technical assistance and training

	Can often be difficult given the variety of missions particular aircraft are used for by an airline.  Implementation depends on fleet planning cycle.


4) Economic / market-based measures

	Measure
	Definition
	Implementing entity
	Examples of  implementation
	Potential relative gains
	Estimated costs
	Possible timescales
	Possible assistance to developing countries
	Comments

	Voluntary inclusion of aviation sector in emissions trading scheme
	Voluntary carbon trading
	States; airlines; airports; Air Navigation Service Providers
	Japan, 
	Low to medium
	Low to high
	Short to long
	Not applicable for voluntary.
	Benefits depend on the obligations within the program.

	Incorporation of emissions from international aviation into regional or national emissions trading schemes, in accordance with relevant international instruments 
	
	States; airlines
	UK; EU (from 2012)
	Low to medium
	Low to High 
	Short to medium
	Minimum thresholds could apply.
	Benefits and costs depend on the obligations and structure within the program.
Potential legal issues depending on how this is implemented.

	Establishment of a multilateral emissions trading scheme for aviation which allows trading permits with other sectors, in accordance with relevant international instruments
	
	Airlines; States; ICAO
	
	Low to medium
	Low to high
	Medium to long
	Minimum thresholds could apply.
	Depends on how the program is defined and obligations under it.  Likely to be more complex and cost more than incorporation into existing schemes. 
Potential legal issues depending on how this is implemented.

	Establishment of a framework for linking existing emissions trading schemes and providing for their extension to international aviation, in accordance with relevant international instruments
	CAEP is developing guidance in this area
	States

	
	Low to medium
	Low to high
	Medium to long
	
	Depends on how the program is defined and obligations under it. Likely to be less complex and cost less than a stand alone scheme. 
Potential legal issues depending on how this is implemented.

	Fuel taxes, emissions charges or modulation of LTO charges, in accordance with relevant international instruments
	This covers fuel and NOx charges today
	ICAO; States
	CH, Europe, USA, Japan, India
	Low to medium (depending on the level of charge)
	Low to high (depending on the level of charge)
	Short to medium
	
	Depends on the nature of the charge and its uses. 
Potential legal issues depending on how this is implemented.

	Positive economic stimulation by regulator: research programs, special consideration and government programs/legislation and accelerated depreciation of aircraft
	This covers NASA and European research efforts.
	States; research agencies; airlines; manufacturers
	Aeronautics research in engines, airframes, avionics, air traffic management, and alternative fuels in various countries around the world.
	Low to Very High.
	Medium to High
	Medium to Long
	
	Governmental R&D to foster noise and emissions gains has been a traditional focus and helped provide the technology gains from better aircraft.

	Accredited offset schemes
	Measures to facilitate purchase of carbon credits by organization or individuals to offset emissions from individual air travel
	States; airlines; companies; passengers
	Passengers as individuals or through employers
	Low to medium
	Low to medium
	Short
	
	Success of these schemes strongly influenced by passenger confidence in quality of the offset

	Explore extension of CDM
	UNFCCC agreement needed to apply credits from CDM to international aviation
	States; UNFCCC
	
	Low to Medium
	Low to Medium
	Medium
	Implementation of approved CDM Projects in developing countries
	This could prove difficult given the wide variety of potential applications.  There have also been significant issues with monitoring such projects.


Footnote

In 2001, the Assembly endorsed in Resolution A33-7, “the development of an open emissions trading system for international aviation” and requested “the Council to develop as a matter of priority the guidelines for open emissions trading for international aviation focusing on establishing the structural and legal basis for aviation’s participation in an open trading system.”  In the same Resolution the Assembly urged "States to refrain from unilateral action to introduce emission-related levies inconsistent with the current guidance".

In 2004, the ICAO Assembly endorsed in Resolution A35-5, the “the further development of an open emissions trading system for international aviation” and requested that the Council focus on two approaches: “a voluntary trading system that interested Contracting States and international organizations might propose” and provision of “guidance for use by Contracting States, as appropriate, to incorporate emissions from international aviation into Contracting States’ emissions trading schemes consistent with the UNFCCC process.”  In both cases, the Council was to “ensure” that the guidelines for an open system “address the structural and legal basis” for aviation’s participation in such a system. The Assembly also urged "Contracting States to refrain from unilateral implementation of greenhouse gas emissions charges prior to the next regular session of the Assembly in 2007".
In 2007, the Assembly adopted guidance for applying emissions trading to aviation by States and, in Appendix L of Resolution A-36-22, urged “Contracting States not to implement an emissions trading system on other Contracting States’ aircraft operators except on the basis of mutual agreement between those States.” In the same Appendix L, the Assembly concluded that "existing ICAO guidance is not sufficient at present to implement greenhouse gas emissions charges internationally, although implementation of such charges by mutual agreement of States members of a regional economic integration organization on operators of those States is not precluded" and urged "Contracting States to refrain from unilateral implementation of greenhouse gas emissions charges". Recalling that the Chicago Convention recognizes expressly the right of each Contracting Party to apply on a non-discriminatory basis its own air laws and regulations to the aircraft of all States, 42 Contracting States did not agree that these conclusions were appropriate and entered a formal reserve on Appendix L.

Regulatory measures / Other

	Measure
	Definition
	Implementing entity
	Examples of  implementation
	Potential relative gains
	Estimated costs
	Possible timescales
	Possible assistance to developing countries
	Comments

	Airport movement caps/slot management
	
	States; airports; airlines
	Australia (Sydney)
	Low to High
	Low to High
	Short
	Technical assistance and training

	Depends on the structure of the scheme.
Potential legal issues depending on how this is implemented.

	Enhancing weather forecasting services
	
	States; airlines; private industry
	USA: JPDO Weather WG
	Low
	Medium
	Short to Medium
RSA: short
	Finance & access to technology
	

	Requiring transparent carbon reporting
	States requiring airlines to report on their carbon production
	States; industry
	USA: GPRA Reporting
	Low  (facilitating activity)
	Low
	Short
	Technical assistance and training

	

	Conferences workshops
	
	ICAO; multiple stakeholders
	
	Low to medium
	Low
	Short
	Education and training programmes
	


�Should clarify that this is “total system gain” and that this covers the entire life of the innovation.


�Seems appropriate to add a “very high” as the high ranking covers items- air traffic management investment and complete fleet changeover that would have very different costs.


�It makes no sense to focus only on fuel efficiency.  Alternative fuels will do nothing for efficiency but significantly lower the carbon footprint.


�The first measure on fuel standards should be deleted and placed as part of the alternative fuel work.


�Added the industry category on avionics as I think this was an oversight on our part.  Slightly less optimistic on benefits.     


�We placed fuel standards noted as the first measure in w/ alternative fuels.  This appeared more appropriate.


�Would have no issue adopting the ATAG categories in how they have grouped the ATM measures.  However, we would reduce the benefits to a medium to high- as it seems more likely that in most of the measures will gain in the 2 to 5% range, especially in the next 15 years.


�No real issue with how ATAG has set up categories or their judgements on relative gains/costs.  The current chart basically compresses lots of the ATAG categories into a “best practices” measure.  The one issue missed in the ATAG chart is the a/c selection for mission


�Note: It is States, not ICAO, that implements ICAO guidance.
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