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https://www.icao.tv/videos/session-3-emerging-environmental-topics
https://www.icao.int/environmental-protection/Documents/Eco-Toolkit%20-%20Single%20Use%20Plastics.pdf
https://www.icao.int/environmental-protection/Documents/Eco-Toolkit%20-%20Single%20Use%20Plastics.pdf
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APPENDIX A
ICAO GLOBAL ENVIRONMENTAL TRENDS — PRESENT AND FUTURE AIRCRAFT NOISE
AND EMISSIONS
1. TRENDS IN EMISSIONS THAT AFFECT THE GLOBAL CLIMATE
1.1 The greenhouse gas (GHG) trends assessment includes full-flight fuel consumption, CO,,

NOx and non-volatile particulate matter (nvPM) results for international operations out to 2070. As shown
in Figure 1, for 2050 and for Fuel Scenario 3, aircraft technology accounts for a reduction of 8§81 Mt and
operations accounts for an additional 34 Mt for a total reduction of 115 Mt, as compared with Fuel
Scenario 1. For 2070 Fuel Scenario 3 aircraft technology accounts for a reduction of 220 Mt and operations
accounts for an additional 85 Mt for a total reduction of 305 Mt as compared with Fuel Scenario 1. For Fuel
Scenario 3 (lower bound) aircraft technology accounts for a reduction of 271 Mt and operations accounts
for an additional 85 Mt for a total reduction of 356 Mt as compared with Fuel Scenario 1. Overall, Fuel
Scenario 3 results in 27% and 46% reduction in fuelburn as compared with Fuel Scenario 1 in 2050 and
2070, respectively. Considering Fuel Scenario 3 (lower bound), an average fuel efficiency of 1.5% would
be observed by 2050, increasing to about 1.6% by 2070. This would represent lower improvements
compared to the ICAO 2% fuel efficiency aspirational goal for international aviation.

1.2 As shown in Figure 2 for international aviation, for the year 2050, with the replacement
with sustainable aviation fuels (SAF), lower carbon aviation fuels (LCAF) and other aviation cleaner
energies, there is a 53% reduction in residual CO; emissions in addition to the reduction from technology
and operations improvements. In 2070, with the replacement with SAF, LCAF and other aviation cleaner
energies, there is a 53% reduction in residual CO; in addition to the reduction from technology and
operations improvements. Fuels based on biomass, solid/liquid wastes, and gaseous wastes are considered
as SAF, while for the latter the carbon source in the fuel feedstock comes from waste CO/COs..

1.3 In the case of NOx scenarios, NOx Scenario 3 (advanced technology with medium
operational improvements) has the maximum reduction when compared to NOx Scenario 1 (Technology
freeze with fleet renewal and no additional operational improvements). In the case of nvPM scenarios,
nvPM Scenario 3 (advanced technology with medium operational improvements) has the maximum
reduction when compared to nvPM Scenario 1 (Technology freeze with fleet renewal and no additional
operational improvements).
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2019, 2020, 2021, 2022 (ICAO CCR); 2018, 2025, 2030, 2040, 2050, 2060, 2070 (CAEP/13). 2019, 2020, 2021, 2022 (ICAO CCR); 2018, 2025, 2030, 2040, 2050, 2060, 2070 (CAEP/13).
Figure 1. Conventional Fuel Consumption from Figure 2. Combustion CO, Emissions from
International Aviation from 2005 to 2070. International Aviation, 2005 to 2070, Including Life
Cycle Emissions Reductions from SAF, LCAF and
other aviation cleaner energies.
1.4 Figure 3 below shows the full flight NOx trend for international aviation. With technology

and operational improvements (NOx Scenario 3), for the year 2050 there is a combined reduction of 2.2 Mt
for international aviation. This amounts to a 27% reduction in NOx relative to NOx Scenario 1. For the year
2070 there is a combined reduction of 4.6 Mt for international aviation. This amounts to a 31% reduction
in NOx relative to NOx Scenario 1.

1.5 Figure 4 below shows the full flight nvPM trend for international aviation. With technology
and operational improvements (nvPM Scenario 3), for the year 2050 there is a combined reduction of 6.1 kt
for international aviation. This amounts to a 43% reduction in nvPM from nvPM Scenario 1. For the year
2070 there is a combined reduction of 11.8 kt for international aviation. This amounts to a 48% reduction
in nvPM from nvPM Scenario 1.

—— Technology Freeze with Fleet Renewal and No Additional Operational Improvements —— Technology Freeze with Fleet Renewal and No o] p t:
Additional Contribution of Technology Improvements Additional Contribution of Technology Improvements
30 4 Additional Contribution of Improved ATM and Infrastructure Use ddi | Contribution of Imp! ATM and Use
2 _ 30
ox
5 ic
R =t
g £ S
£ § 204 w '
0w 3 2
6% 8 %
a < =g
33 ss
g s a3
x ® 25
S 104 T2
= =C 10
Zs o = 10
c 2 E
- c O
O«
z
0 T T T T T 1 0 T T T T T 1
2010 2020 2030 2040 2050 2060 2070 2020 2030 2040 2050 2060 2070
Analysis Year Analysis Year

Note: Results were modeled for 2010, 2015 (Prior CAEP work cycles);
2018, 2019, 2020, 2025, 2030, 2040, 2050, 2060, 2070 (CAEP/13).

Figure 3. Full Flight NOx Emissions from Figure 4. Full Flight nvPM Emissions from
International Aviation, 2010 to 2070. International Aviation, 2018 to 2070.

Note: Results were modeled for 2018, 2019, 2020, 2025, 2030, 2040, 2050, 2060, 2070 (CAEP/13).
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2. AIRCRAFT NOISE TRENDS
2.1 The noise trends assessment is based on the ICAO CAEP 2018-2070 traffic and fleet

forecast and covered 320 global airports, and with an estimated 80% of the global population exposure to
aircraft noise. Figure 5 provides results for the total global 55 DNL' contour area (i.e., for 320 airports) for
2018 (base year), 2019, 2020, 2025 (scenario 1 only) and 2030, 2040, 2050, 2060 and 2070 for the four
modelling scenarios. Historical data modelled in the CAEP/11 work cycle is also shown for 2015. The 2018
technology freeze value is 16 657 square km. This value decreases to 10 306 square km in 2020 due to
COVID-19 pandemic and increases to 14 164 square km by 2025. In 2070 the technology freeze
(scenario 1) total global contour area is 32 887 square km and decreases to 22 240 square km with low
technology improvements (scenario 2), to 15 723 square km with moderate technology improvements
(scenario 3), and to 11 363 square km with the advanced technology improvements (scenario 4). Figure 6
shows the global contour area for noise above 55 DNL normalized to the 2018 area.

—— Technology Freeze with Fleet Renewal and No Additional Operational Improvement:
Additional Contribution of Advanced Tech Improvements
- = - -Low Tech Scenario
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Additional Contribution of Advanced Tech Improvements
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Analysis Year Note: Results were modeled for 2015 (Prior CAEP work cycles);
Note: Results were modeled for 2015 (Prior CAEP work cycles); 2018, 2019, 2020, 2025, 2030, 2040, 2050, 2060, 2070 (CAEP/13).

2018, 2019, 2020, 2025, 2030, 2040, 2050, 2060, 2070 (CAEP/13).

Figure 6. Global Contour Area from Noise

Figure 5. Global Contour Area from Noise above 55 DNL (Normalized to 2018), 2018-2070.

above 55 DNL, 2015-2070.

2.2 Figure 7 provides results for the total global (i.e., for 320 airports) population exposed to
aircraft noise above 55 DNL for 2018 (base year), 2019, 2020, 2025 (scenario 1 only) and 2030, 2040,
2050, 2060 and 2070 for the four scenarios. Historical data modelled in the CAEP/11 work cycle is also
shown for 2015. The 2018 baseline value is 35.97 million people. In 2020, the population decreases to 20.5
million due to the COVID-19 pandemic and increases to 29.9 million by 2025. In 2070, the technology
freeze (scenario 1) total population exposed is 78.29 million and decreases to 54.54 million people with
low technology and operational improvement scenario (scenario 2), to 38.6 million with moderate
technology and operational improvement scenario (scenario 3), and to 27.25 million people with the

! DNL 55 covers all the noise above 55 dB including 60 dB and 65 dB and DNL 60 covers all the noise above 60 dB including
65 dB.
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advanced technology and operational improvement scenario (scenario 4). Figure 8 shows the global
population exposed to noise above 55 DNL normalized to the 2018 population.

23 There are three years in common when comparing CAEP/12 and CAEP/13 noise trends:
2018, 2020 and 2050; and 2018 was the base year and computed noise results are almost identical. The
small observed differences are due to the included airports being slightly different, as well as CAEP/13
using updated census data for the US and Europe.

2.4 2020 was the most affected COVID-19 year. Compared to CAEP/12, CAEP/13 noise
results are around 9% higher in contour area and around 11% higher in the population exposed for DNL 55
dB. These increases are mainly from the European region, and due to updated 2020 traffic demand data.

—— Technology Freeze with Fleet Renewal and No 0 p Tt —— Technology Freeze with Fleet Renewal and No Additional Operational Improvements
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- = -Low Tech Scenario
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Analysis Year Analysis Year
Note: Results were modeled for 2015 (Prior CAEP work cycles); Note: Results were modeled for 2015 (Prior CAEP work cycles);
2018, 2019, 2020, 2025, 2030, 2040, 2050, 2060, 2070 (CAEP/13). 2018, 2019, 2020, 2025, 2030, 2040, 2050, 2060, 2070 (CAEP/13).
Figure 7. Global Population Exposed to Noise Figure 8. Global Population Exposed to Noise
above 55 DNL, 2015-2070 above 55 DNL (Normalized to 2018), 2018-2070
2.5 2050 is the outermost forecast year that is common between the two cycles. Compared with

CAEP/12, CAEP/13 has around a 33% reduction in both the contour area and population exposed at 55 DNL.

2.6 The reduction in 2050 is primarily due to differences in the composition of the Growth and
Replacement database (GRdb) used, and how this translates to future fleet mix. For example, the CAEP/12
GRdb included the legacy 737 New Generation (NG) aircraft along with the 737 MAX aircraft in the single
aisle category, while the CAEP/13 GRdb only has the 737 MAX aircraft. In addition, the CAEP/13 GRdb
does not include the A330 legacy (only has the A330 NEO), or the four engine A380-8 and B747-8 (which
were in the CAEP/12 GRdb). The subsequent differences in the future fleet mix result in a step change in
the noise reduction, especially in the outer years. A 5% decrease in the CAEP/13 traffic demand forecast
also contributes to the reduction in noise exposure.

T T T T 1
2020 2030 2040 2050 2060 2070
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3. TRENDS IN AIRCRAFT ENGINE EMISSIONS THAT AFFECT LOCAL AIR QUALITY
3.1 The environmental landing and take-off emissions (LTO) trends assessment includes NOx,

non-volatile Particulate Matter (nvPM) and total PM (volatile and non-volatile) emissions estimated below
3 000 feet for international operations out to 2070.

3.2 NOx emissions below 3 000 feet from international aviation are shown in Figure 9. The
ratio of global to international NOx emissions below 3 000 feet ranges from about 2.0 to 2.2, depending
upon year, and this ratio is consistent across models, as well as consistent with legacy trends assessments.

33 In 2050, technology and operational improvements could provide reductions of up to
0.14 Mt (36%) in NOx emissions for international aviation. In 2070, technology and operational
improvements could provide reductions of up to 0.30 Mt (45%) in NOx emissions for international aviation.

34 nvPM emissions below 3 000 feet from international aviation are shown in Figure 10. The
ratio of global to international nvPM emissions below 3 000 feet ranges from about 2.1 to 2.6, depending
upon year, and this ratio is consistent across models, as well as consistent with legacy trends assessments.
For nvPM, we see a large drop from the base year 2018 going into 2019. This is due to a few high nvPM
producing engines in the 2018 baseline, and them dropping out of the fleet in 2019 due to retirement and
being replaced by engines having relatively lower nvPM.

Technology Freeze with Fleet Renewal and No Additional Operational Improvements
Additional Contribution of Technology Improvements
Additional Contribution of Improved ATM and Infrastructure Use
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N
o
1

1.5

1.0+

NOx Emissions Below 3000 ft
from International Aviation (Mt)

o
3
L

0.0 T T T T T 1
2010 2020 2030 2040 2050 2060 2070
Analysis Year

Note: Results were modeled for 2010, 2015 (Prior CAEP work cycles);
2018, 2019, 2020, 2025, 2030, 2040, 2050, 2060, 2070 (CAEP/13).

Figure 9. NOx Emissions below 3 000 ft from International Aviation, 2010 to 2070.

3.5 In 2050, technology and operational improvements could provide reductions of up to
0.26 kt (72%) nvPM emissions for international aviation. In 2070, technology and operational
improvements could provide reductions of up to 0.5 kt (92%) nvPM emissions for international aviation.
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—— Technology Freeze with Fleet Renewal and No Additional Operational Improvements
Additional Contribution of Technology Improvements
Additional Contribution of Improved ATM and Infrastructure Use
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Note: Results were modeled for 2018, 2019, 2020, 2025, 2030, 2040, 2050, 2060, 2070 (CAEP/13).

Figure 10. nvPM Emissions below 3 000 ft from International Aviation, 2018 to 2070.

3.6 Total (volatile and non-volatile) PM emissions below 3 000 feet from international aviation
are shown in Figure 11. The ratio of global to international Total PM emissions below 3 000 feet ranges
from about 2.1 to 2.6, depending upon year, and this ratio is consistent across models, as well as consistent
with legacy trends assessments.

3.7 In 2050, technology and operational improvements could provide reductions of up to
0.92 kt (75%) in total PM emissions for international aviation. In 2070, technology and operational
improvements could provide reductions of up to 1.83 kt (92%) in total PM emissions for international
aviation.

Technology Freeze with Fleet Renewal and No Additional Operational Improvements
Additional Contribution of Technology Improvements
Additional Contribution of Improved ATM and Infrastructure Use

PM Mass Emissions Below 3000 ft
from International Aviation (kt)

T T T T T 1
2020 2030 2040 2050 2060 2070

Analysis Year
Note: Results were modeled for 2018, 2019, 2020, 2025, 2030, 2040, 2050, 2060, 2070 (CAEP/13).

Figure 11. Total PM Emissions below 3 000 ft from International Aviation, 2018 to 2070.
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3.8 There are six years in common when comparing CAEP/12 and CAEP/13 LTO Trends:

2018, 2019, 2020, 2030, 2040 and 2050; and 2018 was the base year and computed LTO results were
essentially identical.

3.9 2020 was the most affected COVID-19 year. Compared to CAEP/12, CAEP/13 LTO
results are around 2% higher for NOx, 13% higher for nvPM and 17% higher for Total PM. These increases
are mainly from the European region, and due to updated 2020 traffic demand data. 2050 is the outermost
forecast year that is common between the two cycles. Compared with CAEP/12, CAEP/13 has around a
26% reduction in NOx, 44% reduction in nvPM and 33% reduction in Total PM.

3.10 Similarly to the noise trends assessment, the reduction in the outer years is primarily due
to differences in the composition of the GRdb used, and how this translates to future fleet mix. A 5%
decrease in the CAEP/13 traffic demand forecast also contributes to the reduction in LTO emissions.
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APPENDIX B

ICAO ENVIRONMENTAL GUIDANCE ON AIRPORTS AND OPERATIONS

Over the last triennium, CAEP has developed and contributed to a variety of environment-related guidance
materials related to airports and operations to support Member States and aviation stakeholders, as follows:

L.

Report on Good Practices of Noise Monitoring Systems (NMS), which outlines how NMS can
be used efficiently and effectively in conjunction with the ICAO Balanced Approach to support
the management of noise impacts at airports;

Environment Key Performance Area (KPA) Update in ICAO Global Air Navigation Plan
(GANP) regarding the reduction of emissions through improved operational practices. In line
with Assembly Resolutions A41-6 and A41-21, it focused on operational improvements within
the ICAO basket of measures, aiming to support States and aviation stakeholders to evaluate the
performance of aviation operations and the effectiveness of standards, policies and measures to
mitigate aviation’s impacts on the environment;

Report on Environmental Interdependencies in Various Operating Scenarios, which helps
aviation stakeholders understand trade-offs between noise, fuel burn and CO, emissions, and
provides air traffic controllers with insights for informed decision-making. The report may be
integrated into air traffic controller training programmes;

Report on Emerging Trends in Aviation: Community Engagement Practices and
Considerations, which addresses emerging trends in aviation and their relevance to community
engagement practices in the context of noise versus emissions, emerging technology aircraft, and
post-pandemic dynamics, outlining the risks and opportunities for the aviation industry; and

Eco-Airport Toolkit E-Collection Series, which continue to provide practical and ready-to-use
information, and respond to emerging topics with the release of new e-publications, including
Greenhouse Gas Management and Mitigation for Airports, Environmental Impact of Unmanned
Aircraft Operations at and around Airports, Innovation and Technology in Airport Sustainability,
Single Use Plastics and Cleaner Energy at Airports.

o

Environmestal Impacts of Unmanned Airrat " A
s . and Technologyn ArportSustainabily

R 0T
)

H'd

Addressing Single-Use Plastics: Unmanned Aircraft. Innovation and Technologyin  GHG Management and
an Overview for Aviation Operations Airport Sustainability-2023 Mitigation at Airports



https://www.icao.int/environmental-protection/Pages/Ecoairports.aspx
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