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APPENDIX

ICAO GLOBAL ENVIRONMENTAL TRENDS — PRESENT AND FUTURE AIRCRAFT NOISE
AND EMISSIONS

1. TRENDS IN EMISSIONS THAT AFFECT THE GLOBAL CLIMATE

1.1 Trends in Aircraft Fuel Burn and CO; Emissions

111 The green-house gas (GHG) portion of the trends assessment evaluated potential
contributions of operational and technology improvements to reducing projected fuel demand and
associated future emissions, focusing on combustion CO, emissions. The results are based on the 2018-
2050 post-COVID traffic and fleet forecast, representing conventional fuel consumption, CO; emissions
(i.e., CO, emitted during flight only), and NOx and nvPM emissions. The results contain the alternative
fuel analyses, including the potential contribution of alternative jet fuel (AJF) on CO; net life-cycle
emissions.

1.1.2 As shown in Figures 1 and 2, for the year 2050 and for the IEIR (Independent Expert
Integrated Review) technology with high operational improvements scenario (Fuel Scenario 4),
conventional fuel burn from international aviation, aircraft technology results in a reduction of 112 MT and
operations provides an additional 22 MT for a total reduction of 134 MT. Fuel Scenario 1 value for
international is 493 MT. ICAO’s 2% aspirational goal for international aviation fuel burn is not achieved,
and the average fuel efficiency (2010-2050) is 1.53% which is slightly improved from the 1.37% computed
in previous trends assessment for the same time period. Overall, technology and operational improvements
results in roughly a 27% reduction in fuel burn for international aviation in 2050 for the IEIR scenario. The
most aggressive fuel burn technology improvement scenario is that defined by the CAEP/11 IEIR process.

1000 - —— CAEP/12 Technology Freeze with No Operational Improvements 3000 4 —— CAEP/12 Baseline Including Fleet Renewal
Additional Contribution of Technology Improvements Additienal Confribution of Technology Improvements

Additional Contribution of Improved ATM and Infrastructure Use Additional Contribution of Improved ATM and Infrastructure Use
---- 2018 Carbon Neutral CO; line

— — 2% Fuel Efficiency Aspirational Goal

750
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500

CO, Emissions
from International Aviation (Mt)
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0 T T T T T T T T ]
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0 T T T T T T T T 1
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sults were modelled for 2005, 2006, 2010, 2015 (Prior CAEP work cycles),

Note: Result ) 4 for 2005, 2008 2010 2015 S0, 2020 2024 2030 204 2050 0 E
2015, 2019, 2020, 2024, 2030, 2040, and 2050 (CAEPH) Hote: Results wera modelied for 2005, 2006, 2010, 2015 (Prior CAEP work cycles), 2018, 2020, 2024, 2030, 2040, and 2050 (CAEP/12)

Figure 1 (left). Conventional Fuel Consumption from International Aviation, 2005 to 2050.
Figure 2 (right). CO2 Emissions from International Aviation, 2005 to 2050.

1.1.3 As shown in Figure 3, in the year 2050 with alternative fuels replacement, in addition to
the 27% reduction in CO; provided by technology and operations, alternative jet fuels replacement provides
an additional 56% reduction in net life-cycle CO..
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Note: Results were modelled for 2005, 2006, 2010, 2015 (Prior CAEP work cycles),
2018, 2019, 2020, 2024, 2030, 2040, and 2050 (CAEP/12).

Figure 3. CO2 Emissions from International Aviation, 2005 to 2050, Including Alternative Fuels Net Life-Cycle
Emissions Reductions.

1.2 Trends in Aircraft Full-Flight NOx and nvPM Emissions

121 With technology and operational improvements (NOx Scenario 3), there is a combined
reduction of 2.56 MT and 4.1 MT for international and global aviation, respectively. This amounts to
roughly a 28% reduction in NOx from NOx Scenario 1 (technology freeze with no operational
improvements), as presented on Figure 4.
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Note: Results were modelled for 2018, 2020, 2024, 2030, 2040, and 2050 (CAEP/12)

Figure 4 (left). Full Flight NOx Emissions from International Aviation, 2010 to 2050.
Figure 5 (right). Full Flight NVPM Emissions from International Aviation, 2018 to 2050.

1.2.2 nvPM Scenario 2 results in 465 tonnes and 895 tonnes reduction of nvPM mass emissions
for international and global aviation, respectively. This amounts to roughly 5% reduction from nvPM
Scenario 1 (technology freeze with no operational improvements), as presented on Figure 5.

2. AIRCRAFT NOISE TRENDS

2.1 The noise portion of the trends assessment evaluated potential contributions of operational
and technology improvements to reducing population exposed to noise around airports. The results are
based on the CAEP/12 2018 to 2050 post COVID traffic and fleet forecast, representing contour area and
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total population exposed to noise above a day-night average sound level in dB (DNL) of 55, 60, and 65.
The noise trends assessment includes 319 global airports.

2.2 Figure 6 provides results for the total global 55 DNL contour area (i.e., for 319 airports)
for 2018, 2028, 2038 and 2050 for the four scenarios. The 2018 technology freeze (scenario 1) contour area
is 16 486 square km. This value decreases to 9 451 square km in 2020 due to the COVID-19 pandemic and
increases to 15 530 square km by 2024. In 2050 the technology freeze (scenario 1) total global contour area
is 31 407 square km and decreases to 15 196 square km with the advanced technology improvements and
to 21 570 square km with low technology improvements.
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Figure 6 (left). Global Contour Area from Noise above 55 DNL, 2015-2050.
Figure 7 (right). Global Population Exposed to Noise above 55 DNL, 2015-2050.

Total Population Exposed to Noise Above 55 DNL

2.3 Figure 7 provides results for the total global population exposed to aircraft noise above 55
DNL for 2018, 2028, 2038 and 2050 for the four scenarios. The 2018 baseline value is 36.55 million people.
In 2020, the population decreases to 18.45 million due to the COVID-19 pandemic and increases to 34.70
by 2024. In 2050, the technology freeze (scenario 1) total population exposed is 75.5 million and decreases
to 38.14 million people with the advanced technology and operational improvement scenario, and to 52.59
million people with low technology and operational improvement scenario.

3. TRENDS IN AIRCRAFT ENGINE EMISSIONS THAT AFFECT LOCAL AIR QUALITY

3.1 The LAQ portion of the trends assessment evaluated potential contributions of operational
and technology improvements to reducing projected emissions of NOx and potential contributions of
operational improvements to reducing projected emissions of the particulate matter (PM). The results are
based on the CAEP/12 2018 to 2050 post COVID traffic and fleet forecast, representing NOx, non-volatile
PM and Total PM emissions below 3 000 feet. NOx technology improvement scenarios leverage the latest
Independent Experts (IE) work.

3.2 NOx emissions below 3 000 feet from international aviation are shown in Figure 8. In 2050,
depending upon the scenario, technology improvements could provide up to 0.21 Mt of reductions in NOx
emissions for international aviation. Operational improvements are smaller than those that could be realized
by technology, namely additional reductions of up to 0.03 Mt in 2050 for international aviation.

3.3 Non-volatile PM emissions below 3 000 feet from international aviation are shown in
Figure 9. In 2050, operational improvements could provide additional reductions of up to 50 tonnes in
nvPM emissions for international aviation.
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3.4 Total (volatile and non-volatile) PM emissions below 3 000 feet from international aviation

are shown in Figure 10. In 2050, operational improvements could provide additional reductions of up to
150 tonnes in PM emissions for international aviation.
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Figure 8. NOx Emissions below 3 000 ft from International Aviation, 2010 to 2050.
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Figure 9 (left). nvPM Emissions below 3 000 ft from International Aviation, 2018 to 2050.
Figure 10 (right). PM Emissions below 3 000 ft from International Aviation, 2018 to 2050.



