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Introduction: Who am I?

• Researcher in database theory (complexity of query evaluation)
→ No research from me in the talk (not relevant to sustainability)

• Trying to promote sustainability in our research practices
• Animator of the TCS4F initiative (https://tcs4f.org/)
• Vice-president of the EATCS scholarly society
• Various environmental roles in conferences

• Some individual action towards sustainability
• From many flights/year pre-2020 to 1 return flight since 2020
• Vegetarian (2020–)
• Not reviewing for conferences with mandatory attendance (2023–)
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What I will talk about

Sustainability of our practices in database research

→ Not a database research talk but a talk about database research

Specifically:

• Sustainability and the climate crisis: what is it, how bad it is?

• What can we do about it?

• How database research has negative climate impact?

• How can we reduce its impact (as individuals)?

• How can we change our culture (collectively)?
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Online participation

[Checking if it works]
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Some preliminary warnings

• Disclaimer: not a researcher in climate science, psychology, or politics

• Contents may be uncomfortable (bad news)

• Not intended as criticism of other efforts towards sustainability

• Mostly a collective action problem (not easy to act alone)
• Not everyone can act at the same pace / on the same issues
• Junior community members are especially not responsible for the current situation

→ I don’t have the perfect solution, the goal is to start a discussion
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Our unsustainable trajectory



Many kinds of unsustainability

• Exceeding planetary boundaries, such as:
• Greenhouse gas emissions such as CO2
• Biodiversity loss, species extinction
• Land use change, deforestation
• Pollution: PFAS, microplastics, ocean plastics, heavy metals, air quality...
• Water scarcity
• Ozone layer depletion

• Running out of fossil fuels
→ But climate change is a more urgent problem in the shorter term

• Social sustainability: conflict minerals, labor conditions, digital labor, e-waste...

→ This talk only focuses on greenhouse gas emissions (but it is a debatable choice)
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Most visible consequence: Average temperature increase

Temperature change relative to the pre-industrial period
Temperature anomaly, measured as the difference between the average land-sea surface temperature in a given
year and the 1861-1890 mean, in degrees Celsius.

1850 20261880 1900 1920 1940 1960 1980 2000
-0.5 °C

0 °C

0.5 °C

1 °C

1.5 °C Upper bound
Average
Lower bound

Data source: Met Office Hadley Centre - HadCRUT5 (2026)

Note: The period 1861–1890 is used as the baseline to measure temperature changes rela�ve to pre-industrial �mes, as recommended by the
source.

OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY

Consequences:
• Heat waves
• Extreme weather events
• Droughts
• Reduced crop yields
• Biodiversity loss
• Sea level rise
→ Famine, migration, war...

Paris Agreement (2015):
“Keep global warming well
below 2°C, aim for 1.5°C”
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Online question

What is the current trend of worldwide greenhouse gas emissions?
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GHG emissions by sector

Greenhouse gas emissions by sector World
Greenhouse gas emissions are measured in tonnes of carbon dioxide-equivalents over a 100-year �mescale.
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Data source: Climate Watch (2026)

Note: Land-use change emissions can be nega�ve.

OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY
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Online question

Which average temperature increase by 2100 (in degrees Celsius) if countries follow their
current policies?
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Solution: Lower the emissions
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Online question

What is the current trend of per-capita greenhouse gas emissions?
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Per-capita emissions have peaked in some countries

but are still too high

Per capita greenhouse gas emissions
Greenhouse gas emissions include carbon dioxide, methane and nitrous oxide from all sources, including
land-use change. They are measured in tonnes of carbon dioxide-equivalents over a 100-year �mescale.
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Data source: Jones et al. (2025); Popula�on based on various sources (2024) OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY

Per-capita targets in 2030
for 2100 goals:
• ∼4.8 tons CO2e for 2.0◦C
• ∼2.5 tons CO2e for 1.5◦C
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Online question

How do you feel about climate change and greenhouse gas emissions?
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The good news (personal perspective)

• Per-capita emissions have peaked in rich countries and can be decoupled from
economic growth

• Demographic transition well underway: population should peak before 2100

• Efficiency improvements through technology (electric cars, insulation, etc.)

• Cheap and massively deployed renewable energy (solar, wind); better storage

• Some level of economic intervention (carbon quotas, carbon pricing)

• Some level of environmental consciousness (though often misguided)
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The bad news (personal perspective)

• Climate change has been identified and scientifically consensual for decades

• In rich countries, concern seems to have plateaued without massive change

• Strong lobbying for business as usual (e.g., carbon capture and storage)
• Fossil fuel phase-out still contentious as of COP28 in 2023

• Political action is insufficient and fragile (not the highest priority)
• Global uncertainty does not help long-term investments in decarbonation

• Current geopolitical situation make it hard for countries to agree

• Production of renewables and batteries very concentrated (in China)

• Investment is easily attracted by competing directions that are harmful for climate
(cryptocurrencies, AI, etc.)
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What can we do?



Different kinds of action

• Collective action: voting, activism, etc.

• Individual action in your life: transportation, housing, diet, etc.

• Changing jobs, e.g., not working in research/databases at all

• Moving to a different field of research (e.g., environmental science)

• Applying your research to problems in another field (e.g., DBs for climate research)

• Changing your research topics
• Most talks this week are about this point

• Changing how we do research
→ Focus of most of this talk

Personal perspective: hard to take sustainability advocacy seriously if there is no
concrete change in how we are doing things

17/47



Different kinds of action

• Collective action: voting, activism, etc.

• Individual action in your life: transportation, housing, diet, etc.

• Changing jobs, e.g., not working in research/databases at all

• Moving to a different field of research (e.g., environmental science)

• Applying your research to problems in another field (e.g., DBs for climate research)

• Changing your research topics
• Most talks this week are about this point

• Changing how we do research
→ Focus of most of this talk

Personal perspective: hard to take sustainability advocacy seriously if there is no
concrete change in how we are doing things

17/47



Different kinds of action

• Collective action: voting, activism, etc.

• Individual action in your life: transportation, housing, diet, etc.

• Changing jobs, e.g., not working in research/databases at all

• Moving to a different field of research (e.g., environmental science)

• Applying your research to problems in another field (e.g., DBs for climate research)

• Changing your research topics
• Most talks this week are about this point

• Changing how we do research
→ Focus of most of this talk

Personal perspective: hard to take sustainability advocacy seriously if there is no
concrete change in how we are doing things

17/47



Different kinds of action

• Collective action: voting, activism, etc.

• Individual action in your life: transportation, housing, diet, etc.

• Changing jobs, e.g., not working in research/databases at all

• Moving to a different field of research (e.g., environmental science)

• Applying your research to problems in another field (e.g., DBs for climate research)

• Changing your research topics
• Most talks this week are about this point

• Changing how we do research
→ Focus of most of this talk

Personal perspective: hard to take sustainability advocacy seriously if there is no
concrete change in how we are doing things

17/47



Different kinds of action

• Collective action: voting, activism, etc.

• Individual action in your life: transportation, housing, diet, etc.

• Changing jobs, e.g., not working in research/databases at all

• Moving to a different field of research (e.g., environmental science)

• Applying your research to problems in another field (e.g., DBs for climate research)

• Changing your research topics
• Most talks this week are about this point

• Changing how we do research
→ Focus of most of this talk

Personal perspective: hard to take sustainability advocacy seriously if there is no
concrete change in how we are doing things

17/47



Different kinds of action

• Collective action: voting, activism, etc.

• Individual action in your life: transportation, housing, diet, etc.

• Changing jobs, e.g., not working in research/databases at all

• Moving to a different field of research (e.g., environmental science)

• Applying your research to problems in another field (e.g., DBs for climate research)

• Changing your research topics
• Most talks this week are about this point

• Changing how we do research
→ Focus of most of this talk

Personal perspective: hard to take sustainability advocacy seriously if there is no
concrete change in how we are doing things

17/47



Different kinds of action

• Collective action: voting, activism, etc.

• Individual action in your life: transportation, housing, diet, etc.

• Changing jobs, e.g., not working in research/databases at all

• Moving to a different field of research (e.g., environmental science)

• Applying your research to problems in another field (e.g., DBs for climate research)

• Changing your research topics
• Most talks this week are about this point

• Changing how we do research
→ Focus of most of this talk

Personal perspective: hard to take sustainability advocacy seriously if there is no
concrete change in how we are doing things

17/47



Online question

Did you change something in your life / job / research topic because of climate change?
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Pitfalls of climate action for CS researchers

• Believing that the problem is purely collective (“individual action is meaningless”)
or purely individual

• Difficult to choose: leave problematic systems vs changing them from the inside
(e.g., environmental work in fossil fuel companies)

• Believing that climate solutions are disconnected from other political questions

• Not being informed about related work in research (e.g., in climate psychology)

• Not being connected to climate activism outside of CS

• Forgetting where we are speaking from, as CS researchers
→ CS research can be seen as a part of the problem rather than a part of the solution

• Forgetting about the Jevons paradox
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Jevons paradox

Tempting narrative: make computers / databases / algorithms more efficient, so that
their impact will decrease

Jevons paradox: making something more efficient can lead to more demand (because
it’s cheaper) so that the overall impact increases!

• Capacity of hard drives: ×1 000 from 1990 to 2010 for the same power

→ Number of manufactured drives per year increased ×23 from 1990 to 2010

• Network bandwidth: energy efficiency (GBs sent/kWh) did ×100 from 2000 to 2014

→ Internet traffic increased ×565 from 2000 to 2014

• Computation: compute/Joule doubled every 1.57 years from the 1950s to the 2000s

→ Total computations doubled every year in the 1975–2005 period

Problem: as scientists/engineers we think of how to optimize with respect to a goal
but sustainability can be more about choosing the goal / imposing rules and limits
and research to “make X efficient” may suggest that “more X is beneficial/unavoidable”
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but sustainability can be more about choosing the goal / imposing rules and limits
and research to “make X efficient” may suggest that “more X is beneficial/unavoidable”
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Changing how we do research



Online question

What emits greenhouse gases in our research work?

21/47



Impact of our research

How do our research activities cause greenhouse gas emissions? At least four types

• Local logistics:
• Building construction, electricity, heating and AC
• Work-home commuting, food (canteens), etc.

→ Best dealt with at a local level; not the focus of this talk (but often not negligible!)

• Computing (purchase and use):
• Buying hardware (footprint of hardware production)
• Intensive computation, AI, etc., on your hardware or in the cloud (electricity)

→ Very field-dependent; not my focus but worth investigating!

• Events (conferences, research visits, PhD defenses, etc.):
• Travel, accommodation, food, etc.

→ Main focus of the talk: these are things we can improve collectively

• Effects of our work, e.g., causing more data center deployments in the future
→ Won’t be discussed further
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Online question

What emits greenhouse gases when organizing an event (conference, summer school...)?
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Impact of research events

• Hotel stays

→ About 10 kgCO2e

• Catering (meals, coffee breaks...)

→ About 2 kgCO2e per meal, or 1 kgCO2e for vegetarian meals

• Transportation of participants

→ Train travel: 3–27 kgCO2e for 1000 km
→ Plane travel: ∼225 kgCO2e for 1000 km

• Other things: banners, badges, bags, gifts, website, videoconferencing, etc.

→ Negligible
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Online question

How many tons of CO2e is a Paris-New York economy return flight?
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Do flights matter?

At a global level:

• Flights overall cause an estimated 3.5% of total man-made radiative forcing
• Less than half is CO2: other effects dominate (contrails...)

• Traffic doubles every 15 years and trend is expected to continue

• Planes are already very efficient and hard to decarbonize in the short term

At your individual level:

• A Paris–New York economy return flight emits about 2.7 tons CO2e
• Compare to the yearly target of 2.5 tons CO2e/capita for 1.5◦C
• Compare to server use: 1.5 years continuous use of a 370W server in Poland

• If you fly regularly, it is probably the main part of your GHG footprint
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Online question

Which CS conferences / events did you attend in person in 2026?
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Online question

How many hours (roughly) did you spend flying for professional reasons in 2026?

One hour on a plane is about 150 kgCO2e
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Solution: Modal shift from air to rail?

Answer is a bit tricky:

• For short distances: rail has a ×10-×100 smaller footprint
→ This is in fact already done by many people in academia
→ Switching to low-carbon high-speed trains is easier in Europe than elsewhere

• However, long-haul flights matter far more and have no substitute
• Majority of your personal footprint
• Majority of the footprint of an event

→ Unfortunately, for long-haul flights the only solution is to do less of them
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Online question

How many tons of CO2e emitted for student travel to the VLDB’26 summer school on
sustainability?
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Case study: The VLDB’26 summer school on sustainability

From the registration data

• 22 non-local students and 9 local students
• Total estimated footprint for student travel of...

7.6 tCO2e
• ∼ 350 kgCO2e per nonlocal participant on average

• Train used by 10 participants
• amounts to 18% of the distance but just 4% of the emissions

• Plane used by 12 participants

• The longer flights (> 2000 km) amount to 37% of the total emissions

For large international conferences the share of non-substituable flights is higher:

• Typically ∼80% or more of the footprint comes from non-substituable flights

• Hence: modal shift by itself can only save 20% or less

31/47



Case study: The VLDB’26 summer school on sustainability

From the registration data

• 22 non-local students and 9 local students
• Total estimated footprint for student travel of... 7.6 tCO2e

• ∼ 350 kgCO2e per nonlocal participant on average

• Train used by 10 participants
• amounts to 18% of the distance but just 4% of the emissions

• Plane used by 12 participants

• The longer flights (> 2000 km) amount to 37% of the total emissions

For large international conferences the share of non-substituable flights is higher:

• Typically ∼80% or more of the footprint comes from non-substituable flights

• Hence: modal shift by itself can only save 20% or less

31/47



Case study: The VLDB’26 summer school on sustainability

From the registration data

• 22 non-local students and 9 local students
• Total estimated footprint for student travel of... 7.6 tCO2e

• ∼ 350 kgCO2e per nonlocal participant on average

• Train used by 10 participants
• amounts to 18% of the distance but just 4% of the emissions

• Plane used by 12 participants

• The longer flights (> 2000 km) amount to 37% of the total emissions

For large international conferences the share of non-substituable flights is higher:

• Typically ∼80% or more of the footprint comes from non-substituable flights

• Hence: modal shift by itself can only save 20% or less

31/47



Case study: The VLDB’26 summer school on sustainability

From the registration data

• 22 non-local students and 9 local students
• Total estimated footprint for student travel of... 7.6 tCO2e

• ∼ 350 kgCO2e per nonlocal participant on average

• Train used by 10 participants
• amounts to 18% of the distance but just 4% of the emissions

• Plane used by 12 participants

• The longer flights (> 2000 km) amount to 37% of the total emissions

For large international conferences the share of non-substituable flights is higher:

• Typically ∼80% or more of the footprint comes from non-substituable flights

• Hence: modal shift by itself can only save 20% or less
31/47



Flying less



Online question

Why do we fly to conferences and other events?
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Why do we fly to conferences and other events?

There are several reasons why we fly in CS research:

• Learning things: attending talks, discovering new work

• Visibility/networking: meeting new people, being seen in events, maintaining ties
→ Especially important for young researchers
→ Especially hard to replace without in-person attendance

• Publication: CS publishing is mostly structured around conferences
→ Specific to CS: in other scientific fields publication is structured around journals

• Perks: conferences can be fun, tourism is pleasant, free vacations

• Psychological: travelling around the world at someone else’s expense makes you
feel successful (to yourself, your peers, your friends/family)

How to improve our footprint in the current system? focus on the first three reasons
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Online question

Why do you travel to conferences?
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Reason 1: Learning things

• Conferences used to be the main way to stay informed about new work
• Many conferences are older than the Web!

• Still valuable: overview of a field and serendipity

• However, things have changed:
• Conferences overtaken by preprints
• Recommendation engines, e.g., Google Scholar
• Other media: online seminars, recorded talks, etc.

• Talks are easy to move online (but less compelling to follow)
→ Conference talks nowadays mostly have social benefits:

• Entry point for outsiders
• Feeling of community
• Getting motivated about a topic
• Possibility to ask questions and meet the speaker
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Reason 2: Visibility and networking

No good substitute to in-person conferences for this. How to minimize the footprint?

• Adjust to level of seniority
• Over your career, the first few trips are not the main problem

• Focus on the most important trips
→ Big variance on the expected scientific value (relative to the distance)
→ So dividing your footprint by 2 doesn’t mean dividing scientific value by 2

• Do combined trips (multiple conferences, research visit) or longer stays if possible

• You can get the “conference experience” (and surprisingly good scientific value) out
of more local meetings (e.g., national conferences) when they exist
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Reason 3: Publication

• Conferences with proceedings: prestigious journal with in-person meeting attached

• Sometimes your main goal is to publish your research and not the meeting itself

• Big potential savings: only attend events you are genuinely interested in attending!

• Problem: traveling to the meeting is often mandatory

So if your goal is to publish, your choices are:

• Choose your conferences depending on location or whether they allow publication
without travel
→ Competes with prestige and with thematic fit

• Publish in journals directly
→ Often very slow / unpredictable timeline
→ Loses the opportunity of a conference publication

• Have coauthors or colleagues present the work to minimize the number of trips
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Why do you travel to conferences?

Your paper is accepted at VLDB! Normally the work is published in the proceedings and
you can attend VLDB and present. But what if you had to choose?
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Changing our culture



When organizing conferences with proceedings: Make attendance optional

Current policies:

• VLDB: technically a journal (PVLDB), but attendance at VLDB is mandatory

• SIGMOD: technically a journal (PACMMOD), attendance should not be required but
the call for paper does not make it explicit (source: email discussion in 2023)

• ICDE, DEBS, EDBT/ICDT, CIDR: in-person attendance mandatory in 2026

Bottom line: very challenging to make/sustain a competitive publication CV in databases
without unsustainable emissions from plane travel (tons of CO2e per year)

Cognitive dissonance: is our research really helping sustainability if we continue to do it
in a way which is inherently not sustainable?
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Bottom line: very challenging to make/sustain a competitive publication CV in databases
without unsustainable emissions from plane travel (tons of CO2e per year)

Cognitive dissonance: is our research really helping sustainability if we continue to do it
in a way which is inherently not sustainable?

39/47



Online question

How do you feel about emitting tons of GHG emissions per year as a CS researcher?

40/47



Other reasons not to require in-person attendance

Our community focus on in-person conferences has other adverse effects:

• Excludes people who cannot pay for travel / conference registration fees
→ Also a problem for journals: open access charges of 2590 EUR per paper at VLDB Journal

• Excludes people who cannot easily get visas

• Excludes people with childcare/family obligations
→ Disproportionately affects women: online conferences can lead to 60%–260% increase

in female attendance
→ However, slower travel and optional travel can be non-inclusive (hard to schedule)

• Excludes people who cannot travel for health reasons

That said: conferences usually more accommodating towards imperative reasons (visa);
whereas refusing to fly is often perceived as a deliberate choice
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For conference organizers: Other improvements

• Encourage train travel where possible

• Carefully choose the location of conferences
• At least, avoid choices whose main motivation is touristic appeal
• Other that that, complicated issue with no easy solution (cf study at PODC and DISC)

• Focus on the integration of new in-person participants to justify the travel cost
(social events, ice breakers, speed dating, mentorship lunches, etc.)
• Compute the CO2 footprint of your event with a reproducible methodology and

publish it online
→ Examples: Highlights Conference, ICALP’22, ICSE’23, CHI’20

• Optimize on-site arrangements: local transportation, vegetarian catering, etc.

• Co-location: many conferences in one place (e.g., Federated Logic Conference...)

• Bi-location: many places for one conference (e.g., NeurIPS’25: San Diego + Mexico)

No matter what: Attending international conferences every year is still unsustainable
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For universities: Local initiatives

More and more universities measure their CO2 footprint and commit to reducing it

Source: https://www.google.com/maps/d/viewer?mid=1v49WXCeLrpWkeQFvl2xIak8qrTvV7jGe (2022)
Inspiring examples: ETH Zürich, University of Montreal, IRIF
Also https://apps.labos1point5.org/transition-1point5 43/47

https://www.google.com/maps/d/viewer?mid=1v49WXCeLrpWkeQFvl2xIak8qrTvV7jGe
https://ethz.ch/en/the-eth-zurich/sustainability/net-zero/air-travel.html
https://iopscience.iop.org/article/10.1088/1748-9326/ab33e6/meta
https://www.irif.fr/environnement/index#attendance_to_conferences
https://apps.labos1point5.org/transition-1point5


For other actors: Action at various levels

• National communities, e.g., Labos1point5 in France

• Funding agencies could measure the impact of the research that they finance

• Community initiatives: TCS4F https://tcs4f.org, low-CO2 paper badge

More pointers: Towards Climate Sustainability of the Academic System in Europe and
beyond, report by ALLEA (European Academies of Sciences)

44/47

https://tcs4f.org
https://allea.org/wp-content/uploads/2022/05/ALLEA-Report-Towards-Climate-Sustainability-of-the-Academic-System.pdf
https://allea.org/wp-content/uploads/2022/05/ALLEA-Report-Towards-Climate-Sustainability-of-the-Academic-System.pdf


For the community: Move our culture online

• Currently:
• Almost exclusive focus on in-person conferences (for historical reasons)
• Other media seen as a low-quality substitute (hybrid conferences, online conferences)

• The real problem: we don’t have places to interact online (beyond mailing-lists)
→ Example: Stack Overflow and Stack Exchange, Zulip, Discord, Reddit, Mastodon...
→ Example: this lousy remote talk could have been replaced by a group chat?

• My long-term hope:
• A lively online community where we discuss problems, exchange papers, etc.
• An online (and open-access) publication process (like PVLDB!)
• In-person social events as a welcome addition (focusing on the social benefits)

45/47



For the community: Move our culture online

• Currently:
• Almost exclusive focus on in-person conferences (for historical reasons)
• Other media seen as a low-quality substitute (hybrid conferences, online conferences)

• The real problem: we don’t have places to interact online (beyond mailing-lists)
→ Example: Stack Overflow and Stack Exchange, Zulip, Discord, Reddit, Mastodon...
→ Example: this lousy remote talk could have been replaced by a group chat?

• My long-term hope:
• A lively online community where we discuss problems, exchange papers, etc.
• An online (and open-access) publication process (like PVLDB!)
• In-person social events as a welcome addition (focusing on the social benefits)

45/47



For the community: Move our culture online

• Currently:
• Almost exclusive focus on in-person conferences (for historical reasons)
• Other media seen as a low-quality substitute (hybrid conferences, online conferences)

• The real problem: we don’t have places to interact online (beyond mailing-lists)
→ Example: Stack Overflow and Stack Exchange, Zulip, Discord, Reddit, Mastodon...
→ Example: this lousy remote talk could have been replaced by a group chat?

• My long-term hope:
• A lively online community where we discuss problems, exchange papers, etc.
• An online (and open-access) publication process (like PVLDB!)
• In-person social events as a welcome addition (focusing on the social benefits)

45/47



Online question

What should we do overall to make database research sustainable?

46/47



Conclusion: Who can make this happen?

• As young researchers, you have:
• Huge career pressure to be visible and publish
• More benefits to reap from in-person attendance
• Little power to change our culture

• Limiting your plane travel as an untenured researcher is brave (and not impossible)
but not doing it is very understandable

• Problem: much of research involves at least one untenured researcher...

• The onus is on more senior community members (including myself) to make our
practices and our culture more sustainable and more inclusive

• In particular: Promoting new ways to do research online as a community

Thanks for your attention!
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Backup slides



Aside: How to compute the carbon footprint of an event?

https://tcs4f.org/how-estimate-your-conferences-carbon-footprint

• Ask participants at registration their origin/destination and means of transportation

• Optionally: take into account whether they are also traveling for a different purpose

• Data cleaning, infer missing values...

• Geocode indicated locations to determine the origin-destination of each trip

• Compute the distance and convert it to CO2e figures using existing conversion
factors (e.g., from the French ADEME)

I don’t know of an existing tool to do this easily (for now)

https://tcs4f.org/how-estimate-your-conferences-carbon-footprint


Reasons not to care

• Hope that technological advances will fix climate change (aka techno-optimism)
• Identified levers: efficiency gains, renewables, CCS, nuclear fusion power, AI...
• Unanticipated changes: unknown unknowns

→ Tempting rhetoric: accelerate now, fix the problem later (cf effective accelerationism)

• Worry that other problems are more urgent: war, AI, other catastrophic risks...

• Belief that someone else should act first: other countries, richer people, politicians,
climate change deniers, large companies...

• Hopelessness: “it’s too late”, “I cannot do anything”, etc.

• Hope that you won’t be affected:
• If you are rich enough (poorer countries will bear the brunt)
• If you are old enough (and you don’t care about future generations)
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Carbon footprint of plane travel

Why does plane travel emit greenhouse gases?

• Immediate: burning fuel (often the only thing considered):
• 3.16 tonnes of CO2 for 1 tonne of aviation fuel burned1

• Consumption per trip depends on engine model, winds, plane weight, distance...
• Consumption per passenger depends on load factor and class (economy, business...)

• Also: indirect emissions from fuel production (refining)
• Also: life-cycle emissions of producing the aircraft, other airline operations...
• Also: other effects such as nitrogen oxide emissions and contrails (water vapor)
→ Several methodologies, more or less precise2

As of 2021, total emissions estimated at about 3 times the effect of CO23

1ICAO Carbon Emissions Calculator Methodology v11
2See the notion of “Tier” in the 2006 ICPP Guidelines, Volume 2, Chapter 3, Section 3.6.
3Lee et al., The contribution of global aviation to anthropogenic climate forcing for 2000 to 2018,

Atmospheric Environment, 2021

https://www.icao.int/environmental-protection/CarbonOffset/Documents/Methodology%20ICAO%20Carbon%20Calculator_v11-2018.pdf
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_3_Ch3_Mobile_Combustion.pdf
https://ui.adsabs.harvard.edu/abs/2021AtmEn.24417834L/abstract


Carbon footprint of plane travel: uncertainty

Considerable difference in estimates! More research needed!

Source: https://travel-footprint-calculator.irap.omp.eu/

https://travel-footprint-calculator.irap.omp.eu/


Cleaner aviation prospects

• Continuous efficiency gains on fuel consumption (but already heavily
optimized)

• Aviation biofuels, partly based on non-fossil biomass, not always
sustainable

• Electrofuels, using renewable electricity to produce standard fuels

• Further prospects: electric aircraft, hydrogen-powered aircraft

• Design alternatives, e.g., composite aircraft

• Other marginal gains: route optimization, ATC optimization, ground
operations, etc.

Opinion: this is encouraging but unlikely to matter much by 2030 → we
must fly less



Overall impact of air travel

• Overall estimated contribution: 3.5% of total man-made radiative forcing4

• 11% of international transportation is business and professional travel5

• Traffic doubles every 15 years and trend is expected to continue6

• The emissions of international flights are not part of national emissions targets7

• Also inequalities: many people do not fly, reducing flights is easier than, e.g., food

• Plane technology can improve but probably not much by 2030

→ We must fly less!
4Lee; et al. (2021), "The contribution of global aviation to anthropogenic climate forcing for 2000 to 2018",

Atmospheric Environment
5https://www.e-unwto.org/doi/pdf/10.18111/9789284422456
6Airbus Global Market Forecast, 2019
7Peeters et al., “Are technology myths stalling aviation climate policy?”

https://www.sciencedirect.com/science/article/pii/S1352231020305689
https://www.e-unwto.org/doi/pdf/10.18111/9789284422456
https://www.airbus.com/sites/g/files/jlcbta136/files/2021-07/GMF-2019-2038-Airbus-Commercial-Aircraft-book.pdf


Problems of political action

• Global problem: must get countries to agree to large and
individually disadvantageous measures

• International meetings: problems of representativity and
transparency

• Technically complex problem: often poorly understood
by citizens and decision-makers

• Long-term issue: other more pressing problems (COVID
pandemic, energy crisis, war in Ukraine, etc.)

• Gradual problem: no clear tipping point (“boiling frog”)

• Greenwashing: difficult to identify real impact



Other difficulties

• Sometimes debate on the best solutions (e.g., nuclear power vs renewables)

• Rebound effect: efficiency gains sometimes cause larger consumption

• Carbon offsets: “reducing” emissions by sponsoring actions that presumably reduce
carbon emissions elsewhere

• There is more to ecology than GHG emissions and climate change: biodiversity,
pollution...

See for instance Lamb et al., “Discourses of climate delay”, Global Sustainability, 2020

https://www.cambridge.org/core/journals/global-sustainability/article/discourses-of-climate-delay/7B11B722E3E3454BB6212378E32985A7


Other in-system approaches

• Fossil fuel divestment: organizations that commit not to fund fossil fuel projects
→ But how to identify them? Precise accounting required!

• Carbon emission trading: give a price to GHG emissions and make emission quotas
tradeable, to make it economically valuable to emit less

• Other effects: instability of fossil fuel prices, geopolitical aspects (e.g., gas during
the Ukraine war)
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Sources

• Slide 6: “more urgent problem”: we are not expected to run out of fossil fuels for the
next 50 years at least
https://en.wikipedia.org/wiki/Reserves-to-production_ratio and
burning all of them would exceed desirable climate scenarios
https://pubs.rsc.org/ea/article/4/4/435/807245/

What-happens-if-we-burn-all-the-carbon-carbon

• Slide 7: https://ourworldindata.org/grapher/temperature-anomaly

• Slide 9:
https://ourworldindata.org/co2-and-greenhouse-gas-emissions

• Slide 11:
https://ourworldindata.org/co2-and-greenhouse-gas-emissions

https://en.wikipedia.org/wiki/Reserves-to-production_ratio
https://pubs.rsc.org/ea/article/4/4/435/807245/What-happens-if-we-burn-all-the-carbon-carbon
https://pubs.rsc.org/ea/article/4/4/435/807245/What-happens-if-we-burn-all-the-carbon-carbon
https://ourworldindata.org/grapher/temperature-anomaly
https://ourworldindata.org/co2-and-greenhouse-gas-emissions
https://ourworldindata.org/co2-and-greenhouse-gas-emissions


Sources

• Slide 13: https:
//ourworldindata.org/grapher/per-capita-ghg-emissions?tab=line

• Target GHG emissions: see Slide 11, dividing by an estimated world population of 8.5
billion in 2030

• Slide 15: some ideas from Hannah Ritchie, Not the End of the World, 2024 (not a
blanket endorsement)

• Population peak:
https://en.wikipedia.org/wiki/Human_population_projections

• Comparison to GDP:
https://ourworldindata.org/co2-and-greenhouse-gas-emissions?
insight=many-countries-have-reduced-their-co2-emissions

• Slide 16:
• Concern has plateaued: EU Eurobarometer surveys (2023 vs 2025);

https://www.pewresearch.org/global/2025/08/19/
global-climate-change-as-a-threat/,
https://www.ipsos.com/en/global-opinion-polls/5-takeaways-2025

https://ourworldindata.org/grapher/per-capita-ghg-emissions?tab=line
https://ourworldindata.org/grapher/per-capita-ghg-emissions?tab=line
https://en.wikipedia.org/wiki/Human_population_projections
https://ourworldindata.org/co2-and-greenhouse-gas-emissions?insight=many-countries-have-reduced-their-co2-emissions
https://ourworldindata.org/co2-and-greenhouse-gas-emissions?insight=many-countries-have-reduced-their-co2-emissions
https://www.pewresearch.org/global/2025/08/19/global-climate-change-as-a-threat/
https://www.pewresearch.org/global/2025/08/19/global-climate-change-as-a-threat/
https://www.ipsos.com/en/global-opinion-polls/5-takeaways-2025


Sources

• Slide 20:
• Manufactured hard drives: https://www.statista.com/statistics/398951/

global-shipment-figures-for-hard-disk-drives/
• Network bandwidth energy efficiency:

https://onlinelibrary.wiley.com/doi/full/10.1111/jiec.12630
• Internet traffic: https:

//blogs.cisco.com/sp/the-history-and-future-of-internet-traffic
• Compute per Joule: Koomey’s law
• Total computations:

https://www.researchgate.net/publication/49826525_The_World’s_
Technological_Capacity_to_Store_Communicate_and_Compute_
Information/link/0fcfd50fda57556589000000/download https:
//www.sciencedirect.com/science/article/pii/S2589004226002518

https://www.statista.com/statistics/398951/global-shipment-figures-for-hard-disk-drives/
https://www.statista.com/statistics/398951/global-shipment-figures-for-hard-disk-drives/
https://onlinelibrary.wiley.com/doi/full/10.1111/jiec.12630
https://blogs.cisco.com/sp/the-history-and-future-of-internet-traffic
https://blogs.cisco.com/sp/the-history-and-future-of-internet-traffic
https://www.researchgate.net/publication/49826525_The_World's_Technological_Capacity_to_Store_Communicate_and_Compute_Information/link/0fcfd50fda57556589000000/download
https://www.researchgate.net/publication/49826525_The_World's_Technological_Capacity_to_Store_Communicate_and_Compute_Information/link/0fcfd50fda57556589000000/download
https://www.researchgate.net/publication/49826525_The_World's_Technological_Capacity_to_Store_Communicate_and_Compute_Information/link/0fcfd50fda57556589000000/download
https://www.sciencedirect.com/science/article/pii/S2589004226002518
https://www.sciencedirect.com/science/article/pii/S2589004226002518
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• Slide 24:
• Hotel nights: https://nosgestesclimat.fr/en/documentation/logement/

vacances/empreinte-hotel-par-nuit
• Meals: https://etiquettablepro.eco2initiative.com/blog/astuces/72

https://pmc.ncbi.nlm.nih.gov/articles/PMC9590375/
• Plane travel, train travel: https://impactco2.fr/outils/transport (using data

from ADEME)
• Videoconferencing has negligible impact: Tao et al., Trend towards virtual and hybrid

conferences may be an effective climate change mitigation strategy, Nature
Communications, 2021

https://nosgestesclimat.fr/en/documentation/logement/vacances/empreinte-hotel-par-nuit
https://nosgestesclimat.fr/en/documentation/logement/vacances/empreinte-hotel-par-nuit
https://etiquettablepro.eco2initiative.com/blog/astuces/72
https://pmc.ncbi.nlm.nih.gov/articles/PMC9590375/
https://impactco2.fr/outils/transport
https://www.nature.com/articles/s41467-021-27251-2
https://www.nature.com/articles/s41467-021-27251-2
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• Slide 26:
• Estimated footprint of aviation: cf Lee et al. (2021), The contribution of global aviation

to anthropogenic climate forcing for 2000 to 2018, Atmospheric Environment. Our
World in Data says 4%
https://ourworldindata.org/global-aviation-emissions

• Traffic: Airbus Global Market Forecast, 2019
• Paris–New York return flight: Estimation by atmosfair.de. Note that, e.g., the ICAO

calculator estimates 660 kg CO2e (in particular it does not account for non-CO2 effects)
• Slide 31:

• Share of non-substituable flights:
https://discovery.ucl.ac.uk/id/eprint/10124211/

• Slide 41: “Attendance by women increased between 60% and 260% at ICLR, AAS and
NAMS VCs compared to the [in-person conference] baselines”, Skiles et al.,
Conference demographics and footprint changed by virtual platforms, Nature
Sustainability, 2021

https://www.sciencedirect.com/science/article/pii/S1352231020305689
https://www.sciencedirect.com/science/article/pii/S1352231020305689
https://ourworldindata.org/global-aviation-emissions
https://www.airbus.com/sites/g/files/jlcbta136/files/2021-07/GMF-2019-2038-Airbus-Commercial-Aircraft-book.pdf
atmosfair.de
https://discovery.ucl.ac.uk/id/eprint/10124211/
https://www.nature.com/articles/s41893-021-00823-2
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• Slide 42:
• PODC and DISC study: https:

//drive.google.com/file/d/1EGrxTpMDR_8y1ZKyPxjdpr-aktTzdS_Z/view
• Carbon footprint computations:

https://highlights-conference.org/#carbon-emissions
https://icalp2022.irif.fr/?page_id=1092
https://arxiv.org/pdf/2603.02694
https://api.repository.cam.ac.uk/server/api/core/bitstreams/
9e339d1d-bcdc-426d-9017-e7b13c8ea64c/content

• Optimizing onsite arrangements: See for instance the handbook of the ICEP’19
conference

• NeurIPS’25 second location: https://blog.neurips.cc/2025/07/16/
neurips-announces-second-physical-location-in-mexico-city/

https://drive.google.com/file/d/1EGrxTpMDR_8y1ZKyPxjdpr-aktTzdS_Z/view
https://drive.google.com/file/d/1EGrxTpMDR_8y1ZKyPxjdpr-aktTzdS_Z/view
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https://icalp2022.irif.fr/?page_id=1092
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https://api.repository.cam.ac.uk/server/api/core/bitstreams/9e339d1d-bcdc-426d-9017-e7b13c8ea64c/content
https://api.repository.cam.ac.uk/server/api/core/bitstreams/9e339d1d-bcdc-426d-9017-e7b13c8ea64c/content
https://www.plymouth.ac.uk/uploads/production/document/path/15/15210/Conference_handbook_FINAL.pdf
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