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Exponential growth in aviation

8E+09 - - 250'000
E 7E+09 -
= - 200'000
; 6E+09 -
)
£ 5E409 E
g °EFY9 - - 150'000 £ %
: 5 3
S 4E+09 - s 8
= c =
S - 2 3
= 3E+09 - - 100'000 = g
2 E £
= s °
E_ 2E+09 - = %1
o - 50'000 ‘o o
= II %
1E+09 - =
E
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 O i
[Tp] M~ ()] i m LN ™~ (=) —i m Tp] M~ (%)} —i m )] M~ ()] i o un =
N IS N 0 00 ® 0 0 O O O O DO O O O O odF oA o S
[#)] [9))] [#)] [#)] [#)] [9))] [#)] [#)] [#)] [#))] [9)] [#)] [#)] o o o o o o o o =
- Population, total Air transport, passengers carried ;
o
== Air transport, freight (million ton-km) ——Linear (Population, total) ‘g
<
—— Expon. (Air transport, passengers carried) = ——Poly. (Air transport, freight (million ton-km)) A

Page 2 www.esu-services.ch


http://data.worldbank.org/

F | -services

fair consulting in sustainability )
S ¥

Aviation Radiative Forcing in 200
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Key question

How to account for global warming
effects of aviation which are not due to
greenhouse gases in life cycle
assessment and carbon footprinting?
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Recommendation IPCC

e There is no clear recommendation.

e Publications suggest a RFI factor of 2
to 5 that should be multiplied by the
total direct CO2 emissions from
burning aviation fuels.
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Literature research in 2013/2018
Approaches for RFI factors on CO, in stratosphere

1. Factor 1: Neglecting all additional impacts

2. Factor 1.2-1.4: Accounting for impacts without cirrus
clouds (minimum impacts)

3. Factor 2.7-3: Accounting for all impacts (outdated)
4. Factor 3.9-5.2: Accounting for all impacts (recent)

5. Factor 8.1-8.5: Worst-case (possible overestimation)
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Recommendation ESU-services

e RFI Factor of 5.2 on the CO, emissions in the
stratosphere (according to share in ecoinvent

v2.2 data).

« or factor 2 on total aircraft CO, emissions.

e Should be applied as a scenario in any analysis
where transport by airplanes is included.
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How to implement in LCA Software?

General | Characterisation |
Mame Version
IPCC 2013 GWP 100a with RFI |1 [o3
Structure
u u u i
Comment

‘ MNJ, March 2017: IPCC aviation, Scenario added for including indirect global warming effects of aviation. Total RFI factor estimated with 5.2 based on Lee et al. 2009 and Peters et al. 2011.

Compartment Subcompartment | Substance /| CAS number Factor Unit

Alr Butanol, 2,2,3,44.4-hexafluoro-1- 000382-31-0 17 kg CO2 eq/ kg
Alr Carbon dioxide 000124-38-9 1 kg CO2eq/ kg
Alr stratosphere Carbon dioxide 000124-38-9 5.2 kg CO2eq/ kg
Alr stratosphere + tro) Carbon dioxide 000124-38-9 5.2 kg CO2 eq [ kg
Alr stratosphere Carbon dioxide, biogenic 000124-38-9 4.2 kg CO2eq/ kg
Air stratosphere + tro| Carbon dioxide, biogenic 000124-38-9 4.2 kg CO2eq/ kg
Air Carbon dioxide, fossil 000124-38-9 1 kg CO2eq/ kg
Air stratosphere Carbon dioxide, fossil 000124-38-9 5.2 kg CO2eq/ kg
Air stratosphere + tro| . Carbon dioxide, fossil . 000124-38-9 5.2 kg CO2 eq / kg
Air Carbon dioxide, land transformation 000124-38-9 1 kg CO2 eq/ kg
Soil Carbon dioxide, to soil or biomass stocl | 000124-38-9 -1 kg CO2 eq [/ kg
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Change in impact of transportation per pkm
(ESU database 2018)
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Change in impact of transportation per p*hour
(ESU database 2018)
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Outlook

e Factor for LCIA needs to be revised if the ratio
on “higher atmosphere” emissions changes in LCI
data

o Working paper available under
WWW.esu-services.ch/ourservices/pcf/

e Peer-reviewed paper to be published.
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Copyright notice

All rights reserved. The contents of this presentation (a. o. texts, graphics, photos,
logos etc.) and the presentation itself are protected by copyright. They have been
prepared by ESU-services Ltd.. Any distribution or presentation of the content is
prohibited without prior written consent by ESU-services Ltd.. Without the written
authorization by ESU-services Ltd. this document and/or parts thereof must not be
distributed, modified, published, translated or reproduced, neither in form of
photocopies, microfilming nor other - especially electronic - processes. This provision
also covers the inclusion into or the evaluation by databases. Contraventions will
entail legal prosecution.

In case of any questions, please contact:

Dr. Niels Jungbluth, CEO - Chief Executive Officer
ESU-services Ltd. - fair consulting in sustainability
Vorstadt 14
CH-8200 Schaffhausen
www.esu-services.ch
tel +41 44 940 61 32
jungbluth@esu-services.ch

© Copyright ESU-services Ltd. 2018
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*Actual carbon neutra line is within this range
Dashed line in technology contribution sliver represents the "Low Aircraft Technology Scenario.”
Note: Results were modelled for 2005, 2006, 2010, 2020, 2025, 2030, and 2040 then extrapolated to 2050.

Minimum
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ICAOQO sustainability report 2016, online 11.06.2018
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https://www.icao.int/environmental-protection/Documents/ICAO Environmental Report 2016.pdf,
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International Aviation Fuel Burn (Mt)

Usmg aviation fuel
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